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ABSTRACT

Assessment of groundwater quality is necessary to warrarigjrealsle safe use of water.

A groundwater quality map serves as a deterrent mechanism which provides an insight of
likely environmental health predicaments by determining if the water is safe for use in
drinking, domestic, irrigation, and industrial purpesThe aim of the research is to map
and evaluate the groundwatguality in Erbil City. Basedon the thirteengroundwater
parameterSuchasPotential ofHydrogen(PH), Electrical Conductivity(E.C), Calcium,
Magnesium, Turbidity, Sodium, Total DissolvedSolids, Potassium, Total Hardness,
Nitrate, Chlorine, Sulfate, water quality index (WQI) was calculated for 61 wells from
2015 to 2018 for wet and dry seasons by using Horton (1965) method which was called
Weight Arithmetic Water Quality Index (WAWQI), ¢hWQI percentages for each well

was calculated. After calculating the WQI in order to generate maps for the WQI
parameters, gestatistical analyst tool in geographical information system (GIS)useals

two methodshavebeentestedthen groundwateguality mapswereprocessedo getWQI

map. The methods including (Kriging, and Inverse distance weighted (ICfaV)
determination of the most suitable metH®dot Mean Square ErrdRMSE) was used
between the methods, from the results it can be concludedadnngethod had more
considerable accuracy than IDW method. Furthermore, the kriging method increases
prediction accuracy and had less RMSE. Final results #ietthe waterqualityin 2018
wasdecreasedompareto the previousyearsdueto the increase irthe number of wells

that were not very satisfactory for drinking purposes without some level of treatment. The
WQI was increased from 1.64 % to 11.47%. Untreated domestic and industrial wastewater
causes groundwater pollution which was the main reasoa figcrease in the water
quality of Erbil city. The number of population increase requires the city to be developed
continuously, but a plan should be established to control the spread and hazards of

pollution.

Keywords Geographical information systerggostatistics groundwater; nverse distance

weighted water quality indexkriging



OZET
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CHAPTER 1

INTRODUCTIO N

1.1 Overview

There are three main sources of water through which people in Iraq get access to drinking
water and these are; springs, wedlsdlakes. These three sources of water can thus be said
to be Iraq's surface and groundwater sources of watplysaipd they play an important role

in the hydrologic system. Though there are many uses to which the hydrologic system can
be put to, Munna (2015) outlined that it is mainly used to provide a better understanding of

temporal and spatial changes associatigd water movement and storage.

Meanwhile, there has been a lot of developments taking place in Erbil region which is one
of the biggest provinces in Iraq after Mosul, BaarajBagdad. These developments started

in the period 2003 and ever since ttiate, the city of Erbil has been undergoing through a

lot of expansion and development. As it standsEittd region is considered to be the fastest
developing region in Northern Irag. The major challenge is that such expansion and
developments are assated with huge changes in lifestylésgh demand for recreational
facilities, an increase in economic activities aighpopulation growth. All these challenges

tend to press a huge demand on the city's capacity to sustainably manage water resources
and provide adequate water to people. This can be supported by similar thoughts which
proved that there has been an increase in cases of ground and surface water pollution caused

by untreated sewage water in Erbil.

It is in this regard that there are chaljes in providing quality water to residents in Erbil.
Moreover, this problem is being made worse by the fact that water supply in Erbil is mainly
drawn from the Ifraz Water project and groundwater wells which all in all account for an
approximated to betdeast 30% of Erbil's daily water supply of 530,000 m3 (Erbil Water
Directorate, n.d). However, this has resulted in an-exploitation of aquifers and a notable
daily decline in groundwater levels. As a result, it water supply problems are morddikely

increase in the future as the capacity of water wells to meet rising drinking water continues

1



to decline. Thus, a lot of work needs to be done to pump more water but this will potentially
cause an increase in energy consumption and financial coststhEmesignificant problem
that is affecting groundwater quality is wastewater. The major advantage of using

groundwater is that its supply is naturally refilled through rainfall.

Any water that is found in open spaces below the earth's surface is ksayroundwater.

Nabi (2004) established that groundwater can be found in open spaces that are in different
strata of geological materials like limestone, sandstone, aili, sand. Toma (2006)
undertook a study that supports this argument and establisteduch of the water supply

in Erbil comes from groundwater and that there are a lot of drilled groundwater wells in
Erbil. This has been of good concern because it is an important source of drinking water.
Also, the water from such wells serves a lotimportant uses. However, Toma (2013)
contends that the composition of the recharge water tends to affect the quality of
groundwater. Arguments from the study by Toma are based on ideas which state that the
interaction between the soil and the water céecathe quality of water.

There are also changes in water quality that are caused when a saturated zone comes into
contact with rocks and segas. The use of groundwater in Northern Iraq dates back from
the year 7000 B.C., and most of the springs amkrground burrows which are known as
Kahreez in the Kurdish language provided water for animal husbandry, irrigation, as a
strategic point of advantage during thear and other uses. Though the benefits of
underground water include economic and sociaehts it is important not to overlook the
importance of having high water quality. This is because in some cases, high water quality
is more desirable as opposed to high water quantity. Yet the quality of such water resources
may be of equal importance its quantity if not exceeding it. Having a lot of wells across

the city has an important implication on the quality of waters supplied from these wells. That
is, the quality of water supplied from the walls varies according to the location of the well.
Same wells can have highuality water while others can have poor quality water. Such
variation in water quality can either be as a result of human activities, changes in
geographical stratification caused by percolation of agricultural activities, gedlogica

formation, interacting with each other.



1.2 Water Quality Index

Abbasi and Abbasi (2012) consider the Water Quality Index (WQI) as a way that is used to
generally examine the quality of water using a set of parameters and express it in an
understanddb manner such as numeriéatm like numbersThe importance of the WQI is
highlighted in a study by Ewaid and Abed (2017) which established that the WQI provides
a detailed analysis of water quality obtained from wells. They also further outlinedehat th
WQI can be used to examine the impact of pollution. This is because the WQI is made up
of a combination of variables and attach a numerical figure to it as a way of reflecting the
quality of water. Ewaid (2016) contends that decision makers have bdrefaefrom the

WQI as evidenced by its uses in quite a number of instances and places such as Asian,

African and European countries.

Having weighted parameters determines the extent to which that variable will affect the
index. However, there has bearseries of improvements made to improve the WQI by
Horton (1965). The major improvements which involve the use of more weights to a
parameter were done by Brown in 1970. But other improvements were also made to previous
WQIs and this led to the developmaeri indexes such as the Oregon Water Quality Index
(OWQI), Canadian Council of Ministers of the Environment Water Quality Index
(CCMEWQI), National Sanitation Foundation Water Quality Index (NSFWQI), and Weight
Arithmetic Water Quality Index (WAWQ)I) etc.

The main distinguishing feature between these indexes is that they vary according to the
nature of water quality and the assigned weights of the selective place. Water quality indices
are meant to conveniently and efficiently describe changes and pattewater quality as

well as temporal and spatial and temporal changes in water quality irrespective of the level
of concentrations. The period under study is from 2015 to 2018 wet and dry seasons. This
study uses WAWQI and a set of parameters that iecl8dlfate, Nitrate Chlorine,
Potassium, SodiumMagnesium, Calcium Total Hardness, Total Alkalinity, Total

Dissolved Soli, Electrical Conductivity, and Potential of Hydrogen



1.3 Geographical Information System

Spatial information on water resourcegfectively analyzed and presented into a meaning
form using a gestatistical approach and Geographical Information System (GIS). The GIS
has associated distribution maps that help to establisb¥®I by applying the water
qguality index system. Balalgihinan et al. (2013) outlined that in the examination of
groundwater, the GIS is used for a lot of things such as using spatial data to estimate
groundwater quality evaluation models, to model solute transport and leaching, and
groundwater flonmodeling deermining the extent to which the water is contaminated, for
processing site inventory data, and analyzing sites to determine if they are suitable for the
development of a well. Hence, this reinforces the importance of using GIS methods to test
and enhancthe effective use of risk evaluation programs targeted at assessing groundwater

contamination risk.

A groundwater quality map serves as a deterrent mechanism which provides an insight of
likely environmental health predicaments by determining if theemiatsafe for use either

for irrigation or drinking purposes. In as much as water quantity is important, groundwater
quality is correspondingly important particularly in areas that rely on groundwater as the
principal source of water. This is mainly acqaished by using mapping techniques to
determine the spatial changes in groundwater quality. With regards to the foregoing
viewpoints on the value of GIS in groundwater quality mapping in assessing contamination
levels of groundwater, this study, therefosmeks to undertake a groundwater quality
mapping in Erbil city, Iraqg.



1.4 Statement of the Problem

The importance of having access to safe water is attached to a number of important social,
economic and health aspects. For instance, UNICEF [2@0fends that having access to

safe water is not restricted to safeguarding good health, but is also part of people's human
rights. UNICEF, further states that more than hundreds of millions of people do not have
access to safe water. As a result, theemgration in water quality is one of the major
environmental concerns nowadays. One of the major problems posing severe threats to
people's health is the contamination of ground and surface water. Hence, there is a need to
conduct water quality assessrhdasts especially in Erbil which uses groundwater for
various uses. Another of key issues causing an increase in the demand for quality water is
the increased rate of urbanization in cities which is accompaniedlbgopulation growth.

In most cases, lusing and planning standards in these areas are very poor. UNEP (2013)
asserts that such areas are also associated with uncontrolled commercial and industrial
activities and sewerage leakages which result in the contamination of groundwater. UNEP
(2016) aso reinforces these ideas and established that informally settled people relying on
groundwater are prone to health risks as a result of an increase in groundwater contamination
activities. UNICEF (2008) went on established that the annual death of 3idnnml
indorsed to poor sanitation and nonexistence of safe water. There are also concerns that more
than one billion people still do not have access to clean water (UNICEF, 2016). The
challenge is that it is difficult to purify groundwater once it istaomnated. In most cases,

it is a daunting task to deal with the various pollutants of groundwater. Hence, researchers
like Chauhan and Singh (2010) recommend that it is of paramount importance to come up

with methods and ways of protecting groundwatetityua

With regards to the Erbil, the need to have the desired water quantity and quality can be met
by first conducting an assessment of the condition of the water. Such an assessment will start
from the source up to the final users and establish faaféesting the provision of the
increased water supply of higluality. This study will thus map the water quality in Erbil

on a spatial scale by usidgcGIS software to determine the extent to which it is suitable

for drinking. The established water gitxatresults will then be examined to see if they match

the World Health Organization drinking water standards.
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1.5 Objectives of the Study
1.5.1 General objective

The main purpose of the study is to conduct a groundwater quality evaluation mapping of

physcochemical data from wells in the city of Erbil using GIS.

1.5.2 Specific objectives

U To determine if the groundwater quality used in Erbil matches the established 2011

World Health Organization drinking water quality standards.

U To examine the temporal dspatial distribution of groundwater quality variables in
relation to Sulfate (Se2), Nitrate (No3l), Chlorine (Cl1), Potassium(K+1),
Sodium (Na+1), Magnesium (Mg+2), Calcium (Ca+2), Total Hardness, Total
Alkalinity, Total Dissolved Solid, Electrical @hductivity (E.C), Potential of
Hydrogen (PH) and Potential of Hydrogen (PH).

0 To develop a groundwater quality zone map for the city of Erbil.

U To develop and map each Water Quality Index (WQ) parameters.



1.6 Significance of the Study

Much ofthe water that is used in Erbil, Iraq is from groundwater sources and also used for
various purposes. However, chances are very high that the water in these wells is more
likely to vary. This is because of the differences in their geographical locdtiense, there

is a need to map both the quantity and quality of water provided by these wells. The major
advantage of using results produced hazard and vulnerability maps is that they are so simple
and any person can easily understand. Also, in this ghuelgpatial frequency of the various
sound planning decisionBhysicaichemicalin the groundwater will be represented with
various color legends. As a result, town planners and local authorities will be in a position
to use the results to make good grwater quality management decisions. This also serves

as a powerful tool which can be used to improve groundwater management and sustainability
in Erbil.

1.7. Thesis Organization

The flow of the thesis is like this; Chapter 1 provides an introdu¢tidhe situation of
groundwater usage, WQhnd GIS. As well as the problem statement, and has the
contributions of the thesis work.

Chapter 2, is consist of lgeraturereview of some previous studies for Irag and other
countries

Chapter 3, containsdetailed methodology on which we have worked on and the explanation
of the proposed approaches. It also has the study area, hydrogeological formationatbe

of the area of study were also discussed.

In chapter 4discussed the results of WQI for vaetd dry seasons separately and generated
map for all parameters of WQI. As well as compare the metheddfor the mapping
processThis chapter also concludes the best result among all results.

Chapter 5consists of conclusions and recommendationfutore work.



CHAPTER 2

LITERATURE REVIEW

2.1 Previous Studies for Iraq

Thairet al. (2017) used 45 groundwater samples to produce spatial variation maps of the city
ofAIkSamawa in Iraq which offer detailgd@s of th
was to examine the geological and rgeological causes of water pollution in relation to

NO3-, HCO3, S042, Cl1-, Ca2+, Mg2+, Na+andK+ conditions. A high proportion of

the samples (87%) were considered to be safe for drinking while about 94%egemed

as unsafe when the tests were done in rela
ratio. This was done in comparison to the WHO 2011 and Iraq water standards. 10 samples
were considered to be unstable of quality while 35 samples were aastdebe of poor

quality for both irrigation and drinking purposes. Thiuagwas considered to be having a

poor WQI and the implication of the research was that GIS can effectively be used for
groundwater quality and spatial information mapping.

Kadhim (2018) studied seasonal variations in water quality of 25 wells inChidistrict

with regards to the level of EC, PH, sulfates, Chloraael TDS. The tests were carried out

using ArcGIS and all the samples were established to be having quality pogeimatch

the WHO standards, in addition, it was noted that the water properties of these samples made

it suitable for use for different activities such as irrigation, drinking and concrete mixing.

Hamdanet al (2018) used a WQI to determine thelptibn levels of 37 locations in Iraq

based on their EC, TSS, Tur, TDS, N@3COD, BOD5, PO48, and pH properties. The
results showed that the WQI of these sites was very low because of high sewage pollution
and industrial effluent levels. This provestteawage pollution and industrial effluent are

key water contamination issues that need to be addressed in societies that rely on the use of

groundwater.



Hamdanet al (2017) also did another study that uses Map Algebra and ArcGIS to analyze
the chemicaproperties of water collected from 42 wells in Iraq. The findings led to the
conclusion that the suitability of the water to be used for drinking varied a lot with the
distance from the river bed. As a result, areas that are far fronvénbedwere noéd as

having a high WQI that matches WHO standards. The WQI of Areas that areas as close as
11.94Km to theiverbedwereobserved to be unstable. These findings also match findings
made from other studies by Wilcox (1955), Ayers and Westcot (1985). Tdaygshows

that rivers play an important part in influencing water quality levels.

Hussain et al. (2014) studied the WQI of 39 locations in Iraq using GIS during the 2013 dry
and wet seasons. The tests were done to examine the water properties etthaeSAR,

Na+, CI, Mg+2, EC, and pH level. It was noted that though groundwater remains vulnerable
to contamination, most of the regions in Irag had high WQI which made it safe and usable

for a lot of thingsgespeciallyfor irrigation activities.

Ewaid et al. (2017) did an evaluation of the-@harraf River from the period 2015 to 2016
by looking at their EC, TSS, TDS, P&4 NO32, COD, BOD5 and pH properties. The
waterds turbidity was not examinedewaed i n
can be declared to be safe for drinking. However, the inclusion of water turbidity made the

water to be classified as not fit for drinking.

Douaa et al. (2018) also used the GIS to determine the WQI with regards to EC, Tur, TSS,
TDS, PO43, NO32, COD, BODS5 and pH properties of 37 locations lying along river beds

in Basrah governorate. It was reported that all the sites had bad or low WQIs and this led to
the idea that not all areas along the river bed have better or high WQIs. The reason behind
the low WQI was established to be pollution and this reinforces the fact that pollution

remains a huge problem affecting water quality.



Ali et al. (2012) utilized the GIS and a DRASTIC approach to examine the Vulnerability of
groundwater in Kuwaik and ldblagh to pollution. The findings illustrated that water
pollution levels vary according to a number of factors and that one of the notable factors is
human activity. As a result, it was noted that human activity affects the WQI. That is, there
Is alow WQI in areas that have a lot of human activities and vice versa. This is true especially

considering that the South Western part of Iraq has a few people residing there.

Tomaet al . (2013) did an assessment of Erbil
Alkalinity, pH, TDS and EC standards. The water quality was noted to vary with changes in
locations around Erbil and areas suclBadawal3, Ronaki 1, Ankawa 9, and Azadi 8 had

high WQIs as compared to other areas such as Rezgari No. 1. This, thelefore tsat

locationsarealso another essential aspect to look at when examining the WQI of any area.

Babiret al. (2016) chemically and physically analyzed 39 water samples collected from Erbil
governorate to exami neantdtémperaueetThersttidywasdonge TDS
in line with the 2004 WHO and Iraq standards. The samples were observed to be suitable

for both irrigation and drinking purposes as observed by their sodium adsorption ratio.

Jadooret al. (2015) did a study that focused ankawa,Bakhtariwells and three areas of
Ifraz in Erbil to examine their drinking water properties using a total of 32 house samples.
The samples were analyzed in relation to pure alkalinity, total hardness, conduatidity,
turbidity. All the findings sowed that the water in Erbil is suitable for drinking. In overall,

the water quality in Irag can thus be said to suitable for drinking.
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2.2 Previous Studies foOther Countries

Okoye et al. (2016) generated the spatial variability map of in ANWiggeria using the GIS

to determine the groundwater WQI. The findi
is suitable for drinking. The findings are relatively different from those that were established

by Venkateskand othersVenkatesh et al. (2018sed the Inverse Distance Weighted spatial
interpolation to assess 9 water quality variables and compute the WQI. The findings
indicated that about 78% of the water is not suitable for drinking.

kener et al . (2017) di d aatheswQuaf watet ih Bgartawa s a
Province between October 2011 and May 2012. The results were analyzed based on the
Turkish and WHO drinking water guidelines. The reported findings showed that the WQIs

of the province varied from one location to the otfiéat is, some areas in the province had

poor WQI while others had a high WQI. Such variations were considered to be as a result of

pollution activities and recommendations were given to deal with the problem of pollution.

Shams et al. (2014) employed tMécox and zoning approach using the Gl&imalyzethe

WQI of Khorramrood River from the first 6 months of 2012. The tests were done with
regards to sodium, magnesium, calcium, fecal coliform, nitrate and phosphate content of the
water. The findings prage support to the idea that the WQI varies with location. Meaning

that other locations have got a better WQI as compared to other areas.

Gorai et al. (2013) did a quantitative analysis of 65 samples collected from different areas in
Ranchi to evaluatdhe WQI. A WQI model was estimated based on the collected turbidity,
alkalinity, total hardness, TDS, and pH values. The developed models had low error values
which indicated that they had a high probability to offer reliable estimates. As a result, it
was noted that the WQI varies with location and as usual, some locations were not to be
having high WQIs as compared to others and such variations were attributed to increased

pollution levels.
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Venkatesaet al. (2018) did a study on water quality determigan India through the
application of GIS on 15 variables which provide an indication of chemical and physical
determinants. The study established that the water quality was either good, bad or moderate
and offered suggestions on how to preserve watdityjuwas contended that better human
practices and regulation strategies are needed to avoid water contamination problems.

Al-Omranet al. (2017) focused their study on Saudi Arabia and used ArcGIS to test
groundwater samples amounting to 180. The3Né@nd EC dS nl of the water were
determined using the kriging approach and this also included normalizing the collected data
and then estimating a WQ model. The results went on to support the idea that water quality
levels varywith respectto the locaton of the water body or source. This is what a lot of
studies have established but the issue of human actsatiesbuteto much of the pollution

cannot be ruled out.

Eslami et al. (2013) used interpolation methods to examine spatial changes in \&{@echea

by SO4, EC, TDS, and SAR in Mianab plain. After having tested the parameters with a
variogram, the GIS results showed that water contamination levels were relatively higher on
one side of the plain as compared to the other. The results also esthlihsi the
contamination levels were so high and that there is a huge need to contain them. The

proposed strategies and measwaiesedat regulating human activities.

Sarukkalige (2012) applied kriging interpolation and geostatistical measures toideterm
changes in water quality in Australia. The study was based on the need to examine how
spatial variations in WQ were related to differences geographical locations of the same
region between years 20@B11. The study did find differences in WQ acrosstfalia and
outlined that it was evident that pollution was compromising WQ and that a lot of industrial
and commercial activities were contributing to the increased contamination levels. The study

was highly considered pivotal for groundwater policy aadisglon making.
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Uyan et al. (2013) focused on determining factors behind groundwater depletion period
(19992008) using a sample of 58 wells located in different areas. The kriging method and

a GIS method were uséar analyzing the data and establidhie spatial map. The findings
revealed that there are notable changes in groundwater levels and that groundwater depletion
was increasing getting higher. A 15% difference was noted to exist between the different
areas that were examined and possiblenseigffects were also established to take place

due to increased drilling activities. This, therefore, shows that increased water pollution
levels have severe effects not only on drinking and irrigation but also on a number of

activities. Hence, the need address water contamination is always needed t@hals

Shomar et al. (2010) also used a GIS to map possible changes in WQI along the Gaza Strip.
The obtained findings proved strong evidence of the existence of differences in WQI. The
results were snilar to what was established by Marko et al. (2013) who used the same
approach in Saudi Arabia. The study by Marko, however, focused on looking at TDS,
salinity, conductivity, Gl, Mg2+, and Na+ water characteristics. Both studies showed that
there are gjnificant variations in WQIs across the examined areas and pointed out that there
is a significant increase in water contamination levels. As a result, much of the water was
considered not to be safe for drinking and other activities such as irrigatidinerfruore,

the findings showed that the WQ in these areas was not in line with the WHO standards.
With problems of water provision increasiaga high level, it was suggested that it was

important to prevent groundwater contamination.

Samin et al. (200)2did a study that was relatively similar to these studies but differed in
terms of the number of parameters examined. Samin focused on -E&)dCEAR water
properties and used a kriging approach to examine the data. The results also showed that
there isa significant difference imnvater properties. Meaning that the water was the WQI

varied a lot across the examined areas.
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Khan (2010) did a study that uses the WQI to assess the water quality in Pakistan based on
the water6s Sul fowad ©xygeNand pHavalues The findings réveated
that water contamination is a huge problem in Pakistan and that measures were needed to
control water contamination. Increased water contamination problems were established to
be posing huge health problenfsior to that, Ramakrishnalah et al. (2008) had also used a
WQI in Tumkur Taluk but focused on the examination of 12 water variables which included
fluorides, manganese, iron, nitrate, and chlorine levels. The findings had shown that water
contaminatiorievels were a common feature and that it was now difficult to consume water
without first checking if it safe for drinking. The study suggested that water treaisnent
done prior to any form of consumption. Saeedi et al. (2010) followed with anothettstidy

uses GWQ)I to test samples collected from 163 wells in Iran using 8 model parameters. This
resulted in the development of a series of indices which provided a clear indication of the
GWQIs. The indices showed huge variations in WQ and that pure amdjunadjty water

was found to be having a lot of minerals while poor quality water was established to be
having a lot of acidic components. These studies were supported by another study that was
done by Varol et al. (2014) using a total of 56 water samples findings did not rule out

the fact that GWQ was being affected by human activities but went on to establish that
agricultural activities were affecting GWQ. This was also supported by findings made by
Shahet al. (2017) who also used a similar applobat focused on the period 202808

and applied it to the Sabarmati river. The study also established that there are growing
concerns over water contamination as a result of urban runoff, unprotected river sites, proper

sanitation, industrial and sewag#luent discharges.
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CHAPTER 3

STUDY AREA AND METHODOLO GY

3.1 Description of theStudy Area.

The study is centered on the city of Erbil which is located in the northern parts of Iraq. The
area is composed of a mountainous area and the othewxlaieh has plains and valleys. The
geographical location of the city of Erbil is shown in figure 3.1 and can be noted to be found
at longitudes 420F and 4320and latitudes FBON and 3840. The locations of the wells

are also depicted by the greeriddon theright-handside of the map.
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Figure 3.1: Map of study area and location of wells
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3.2Population Size

It was estimated in 2017 that the city of Erbil hatbtal population of 1,542,421 people

which comprised ©690,989 male and 851,432 female individuals (Erbil City Government
Report, 2017). The population densities vary across the different parts of the city. For
instance, Choman accounts for 2.7%, Makhmur 3.7%, Shaglawa ,Jdnti#rbil city 59%

of the entirepopulation. The rest varies according to other cities located around Erbil. 24%

of Erbil éds popul ation resides in the rural
resides in the city. However, all the cities are similar in terms of their clinaaic

hydrogeological characteristics.

3.3 Climate

Generally, the climate condition of Erbil is considered to be of a Mediterranean climate type
with an average rainfall which falls between 600 to 800 mm per year. But the climatic
conditions do somehow dr a bit. This is because the Southern part is cold and gets snowy
especially in winter while theorthen part is relatively warmer (Hameed, 2013). It is cold

and snowy in the winter and temperatures can reach as low as 7.9 °C, and hot and dry in
summerThere are also a lot of different topographic features that can be found in Erbil and
these features will influence the distribution of wells in Erbil. Also, some wells will be noted
to be having more underground water as opposed to other areas espleeiatigky or
mountainous parts of Erbil (Hameed, 2013). The most important feature is that rainfall
distribution patterns are relatively different between the northern and southern parts (see
figure 3.2). The Southern part receives an average annualrahfi,200 mm while the
Northern gets an annual average of about 200 mm/year (UNDP, 2016).
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Figure 3.2: Spatial distribution of average yearly rainfall in the study area

3.4 Water Resources and &ply

In terms of watesupply, it can be said that Erbil has sufficient water supplies to meet daily
demands (Hameed, 2013). However, thesgioblemof growing water demand almost on

a daily basis. This is more likely to pose challenges of straining existing water sujpplies.

was established that 530,000 m3 of wadee consumed daily in Erbil (Erbil Water
Directorate, n.dThemai n sources of Erbil s water supp
supplies about 70% of Erbil 6s damiandarowmdat er r

Erbil. Alternatively, the water soues can be classified as follows:

9 Gravity streams
1 Confined aquifer.

1 Shallow aquifer system
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1 Deep aquifer system
1 Springs and, deep and shallow weBsqundwateresources).

1 Atrtificial dams, lakes, streamandrivers (Surface water resources).

3.4.1Groundwater resources in Erbil city

Due to the idea thajroundwatelis a huge notable source of water for all the industrial,
recreational and agricultural activities in Erbil. Hence, it is important to theveght water
quantity and quality. Gardi (2017) outlook that soméhefchallengedaced by people are

as a result of the pollution gfroundwaterlt must be noted that pollution affects the ability
the future of wells to provide water. As a resuffoes will, therefore,be needed to
additionally pump in the future. But the problem is that, pumping water results in additional
costs and aimcrease in energy consytion. Hence, the problem of water contamination
can also be noted to affect other emmic sectors. The good part is that groundwater is

naturally provided especially during rainy days and seasons.

3.5 Groundwater Quality and Sources of Pollution

UNICEF (2008) highlighted that the pollution of groundwater quality poses a lot of serious
problem among others, the challenge of having to purify it. This is groundwater is so difficult
to purify it. Also, the purification process takes more time to do. Gardi (2017) also contends
that water purification especially groundwater purification is geeagive to do. On the

other handUNEP, 2016ighlighted that the contamination of groundwater is mainly a result

of increased human activities. It is believed that humans are responsible for the release of
high sewage volumes into rivers and dams asagalinderground (UNICEF, 2008). Human
activities are not limited to the increased sewage bursting but also include a series of
industrial activities undertaken by humans either as a means of production or consumption.
Also, poor agricultural practices ars@ an important factor to consider. This is because
agricultural practices are associated with increased or poor leaching of chemicals. Thus, poor
waste and chemical management, and dumping practices can be said to be possible causes

of water pollution irErbil.
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It is along these factors that any possible discoveries in water contamination will possibly

be explained. Water contanation can be assessed based on:

1 Its turbidity, taste, smell, colpandtemperature (physical features).
1 pH, chemicals, mels, andminerals (chemical content)
1 Helminths, protozoa, viruses, and bacteria. (Microbiological)

As showed in table 3themajorsources of chemicafmlluting groundwater are pesticides,
water treatment, human dwellings and industrial, agriculturaliaesi induced and natural
chemicals (WHO, 2011).

Table 3.1: Sources othemical contamination

Source of Chemicals Examples Common Chemicals

Naturally occurring Rocks and soils Arsenic, chromium, fluoride, iron,
manganesesodium, sulfate,
uranium

Agricultural activities Manure, fertilizer, Ammonia, nitrate, nitrite

intensive animal
practices, pesticides

Industrial sources and Mining, manufacturing anc Nitrate, ammonia, cadmium,
human processing industries, cyanide, copper, lead, nickel,
dwellings sewage solid mercury
waste, urban rungffuel
leakages
Water treatment Water treatment chemicals Aluminum, chlorine, iodine, silver
piping
materials
Pesticides used in water fc Larvicides used to control Organophosphorus compounds
public insect (e.g., chlorpyrifos, diazinon,
Health vectors of disease malathion) and carbamates (e.qg.,
aldicarb, carbaryl, carbofuran,
ox amyl)
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3.6 Groundwater Quality of Erbil City

Drinking water must be first tested before one consumast ithis can only be done after
testing to check if the water quality is of the right quality. As a result, the quality of the water
has to be evaluated from both the source up to the final point of consuniptionn 2015
featured that variety irgrourdwater quality, in Erbil, can be clarified by numerous
components contribute and these incorporate, human exercises, farming exercises and
geological formation, and so forth. The contamination of groundwater is often a big
challenge to handle and this ifwvit is always important tpreventtoxins from entering

the water at all costs.

3.6.1 Sources ofsroundwater pollution in Erbil city

UNEP (2013) established that water contamination remains a major world issue and that its
causes are diverse. One of th@able causes of water contamination is human activities
such as farming and much chemicals used in farming often infiltrate the soil and pollute
groundwater Tamru et al. (2013) highlighted that this problem is mainly because most
farming activities arenot controlled. Wildlife, agriculture livestock, septic systeand
sewage have caused bacteria and viruses to be a common feature of water contaminants in
Erbil. It is also reported by Mus'ab (2014) that radioactive and industrial materials are also
a canmon element of water contaminants. Also, in Erbil, dissolution of materials has been
acontributngfactor to GW pollution and it was noted that about 30% of the changes in WQ
is as a result of MgCI2 and CaCl2. Generally, the major sources of waterguoiiuErbil

city are exjpained below:

I.  Government & private Institutions EWD (2015) highlights that a lot of
institutions in Erbil are situatefdr awayfrom sewage terminals and chances of
these institution contaminating water bodies are very high.

[I.  Effect of Industry on Degradation of Water Quality: There are a lot of
industrial activities that take place in Erbil and these activities generate a lot of
physical and soluble waste materials that can easily contaminate both ground and
surface water. UNESC(016) established that only about 10% of industries in
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Iraq are engaging in safe practices that do not contaminate water bodies. This
implies that 90% of industries are easily contaminating existing open streams and
water bodies by releasing sewage artothemical products into the water and
on the land. UNESCO (2016) further states that this is due to a lack of sound
rules and laws that govern waste management practices in Hrlslcan be
evidenced by reports which showed that about 40 of the flis8eeed industries
have solid waste discharges (UNESCO, 2016).

lll.  Poor solid waste managemenWWhich results in increased pollution levels and
much of it is a result of uncollected waste which continuously piles up (EWD,
2015).

3.7 Geology andHydrogeolagy of Iraq and Northern Part of Iraq
3.7.1 Tectonic Framework oflrag and northern part of Iraq

Jassim and Goff (2006) outlined that the Zagros Belt in Northern Iraq is part of a geologically
Tertiary orogen. Jassim and Goff believed that this has resadtedresult o& collision

between Eurasian and Arabian platagure 3.3 shows th&tart of this region is table while

the other is unstable and is composed of 4 tectonic elements tectonic elements (Suture Zone,
Imbricate Zone, High Folded Zone and L&alded Zone (AlJuboury, 2012).
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Figure 3.3: Tectonic map othenorthernpart of Iraq

The Erbil Basin area lies in the Low Folded Zone of Northern Iraq in areas have a wavelength
which is betweel(5-10) km (Bapeer et al2010). In this area, the Kirkuk anticlinal and the
PermamDagh anticlineset geographical boundaries of the basin. Their formations are

increasing getting bigger and shallow at the NNE (Figure 3.4).
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Figure 3. 4: Regional hgrogeological cross section
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3.7.2 Erbil Basin

The Dashty Hawler Basin or the Erbil Basin is the largest groundwater reservoir Erbil
Province which is 800 meters deep and stretches for about 3,200Akmed (2009)
contends high WQ is obtained from thisibas large quantities which makes it possible to
serve other nearby communities. This is because it is so close to the surface and thus few or
fewer costs can be incurred in trying to access underground water from this basin. The
Kurdistan Region Grounduer Report (2012) states that there are however harmful ions and
soluble salts that are found in water from this basin which can pose serioustipeates p| e 0 s
health.Figure 3.5 shows th&rbil Basin is divided into three stiasins (Bashtapa, Kapran

and the central basin). These basins are desibed by subsurface structures.

Bl Recent e Basin Boundary
% Pleictocene
Plioce =S
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— Groundwater Movement
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Figure 3.5: Geological map of Erbil Basin with the sblasins labeled
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3.7.3 Soils

The northeast part of Erbil is mountainous as compared tottigern part and has shallows
soils. Shallow soil in the northern part does not have good texture while that in the southern
part is considered to be way better for agricultural activities and othenrade activities
(Hameed, 2013). Figure 3.6 providms outline of tie soil types in Erbil Province.
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Figure 3. 6: Soil types in the Erbil Province
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3.8 Methodology
3.8.1 Sources of data

The period under study i$'l anuary 2015, 2016, 2017y 20186
2015, 2016, 2017, 20186s cold season. Samp|
water directorate. The data was collected with regards to WQ variables sB8citfadg

Nitrate, Chlorine, Potassium, Sodium, Magnesium, Calcium, Total HardnessETDSH

andturbidity.

3.8.2 Calculation of the water quality index

As noted, pollution levels are determined using the WQI. In this study, the WQI was
estimated based ddulfate Nitrate, Chlorine, Potassium, Sodium, Magnesium, Calcium,
Total Hardness,TDS, EC, pH and turbidity for all the 61 wells in Erbil This was
accomplished by using recommendations made by Cude (2001) to assign weights to the WQI

which results in the establishment of a weighted WQI as shown below.
WQI= ogaWn / & Wn (3.1)
Where
gn = quality rating of nth water quality parameters.
Wn = Unit weight of nth water quality parameter.
The nth water quality variable is assigned a weWyhtand the WQ variables adenoted
by gnwhich is determined by incorporating the standard permissible valuédgvalue
(Vid) and the estimated value will thus b&j as shown below;

gn=[(Vni Vid) / (Sn Vid) ] x 100 (32

Where:

Vn = Estimated value afth waterquality parameter at a givesample location.
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Vid = Ideal value fontheparameter in pure watgiVid for pH = 7 and O for all other
parameters)
Sn = Standard permissible valuenttiewater quality parameter.
Equation (3) was used to obtain the unit weidlny.

Wn=k/Sn (3.3)
Equation (4) was used to determine the constant of proportionality (k).

k = [14Sn¥1, 2(n§ (34)

Existing types of WQ were obtained from a study by Shweta et al. (2013) and both are in
line with the WHO 2011 standards as depicted in Table 3.

Table 3 2: The WQI categoriesorresponding status

No wWaQl STATUS POSSIBLE USAGE

1 07 25 Excellent Drinking, Irrigation andIndustrial
2 257 50 Good Domestic, Irrigation and Industrial
3 51-75 Fair Irrigation and hdustrial

4 767 100 Poor Irrigation

5 101-150 Very Poor Restricted use for Irrigation

6 Above 150 Unfit for Drinking Proper treatment required before

use.
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3.8.3 Guidelines for water quality parameters

WHO (2011) established that water musshée for use bet it for bathing, cleaning, cooking

or drinking. Hence, attempts are always made to ensure that the water is safe for use. As a
result, WQ standards were developed so as to ensure that WQ is of the required standards to
allow effective andafe use by people. These standardaevercan vary from one country

to the other. These standards also help to establish rules and laws that govern the use of
water and prohibit water contamination activities. Table 3.2 provides details of the WHO
WQ dandards

Table 3.3: Drinking water quality standards WHO

water quality Parameters WHO standards
Turbidity (NTU) 5
pH 6.58.5
EC (&S/ cm) 1500
TDS (mg/l) 1000
Total Alkalinity (mg/l) 250
T.H as CaCO3 (mgl/l) 500
Ca +2 (mg/l) 75-200
Mg +2 (mg/l) 30-150
Na + (mg/l) 200400
K+ (mg/l) 12
Cl- (mgl/l) 200400
NO3- (mg/l) 10-45
So42 (mg/l) 200400

3.8.4 Preparation of well location point feature

Point feature was developed using the detailed location of the study area and data on WQ
was obtained from secondary sources. The Arc Map was developed using a combination of
spatial and secondary data and this was used to prodoce Er s WQ spati al

maps.
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3.8.5 Log transformation

The collected data was transformed into logarithms so as to itna&ey to interpret the

obtained findings. Also, transforming data into logarithms helps in dealing with the problem
of outliersand heteroscedasticity which may affect the effective use of the Kriging approach.
The transformation process will also aid in ensuring that the data remains normally

distributed over the course of time.

3.8.6 Geostatistical approach

A GIS softwarewasi sed to determine Erbil s spatial
use of GIS dates back to the year 1979 when it was used to involve the use of models to
estimate the spatial features of a geographical area (McNeelyl&i74),

This includes the usef the semivariogram which shows the relationship between the
semivariogram value and the lag distance. Nayanaka et al. (2010) outlined that the
semivariograntan also be used to determine how two or more parameters are correlated
together and a high vadundicates a high level of anovement. On the other hantlcan

be determined as follows

0 (AF)>B= d®QAGQQ2 (3.5)

The semivariogrammodels (SphericalExponential and Gaussian) were tested for each
parameter data set. Prediction performances were assessgdsbyalidation Cross
validationallows determination of which model provides the best predictions. According to
Berktay and Nas (2008), for a model that provides accurate predictions, the standardized
mean error should be close to 0, the root mean squareaad average standard error should

be as small as possible (this is useful when comparing models), and the root mean square

standardized error should be closd to

28



In this research two methods are used for mapping groundwater quality parametierseand

methods are used to generateapfor groundwater quality index, methods are:

1. Kriging

Semivariogram provides a base upon which the Kriging approach is based on. The
correlation between the variables is an indication of the changes in theesm@ablv ar i an c ¢

and is denoted 9(h) wusing the following for

2g(h) = 1/n 4 in=1[Z(xi + h) - Z (xi)] (3.6)

The distance is denoted by h, while point xi+h and xi values are given by Z(xi+h) and Z(xi).

It is possible to determine the sill, effect radius and nugget effect using the parameters of the
variogram. Hasanipak (2008) denoted that the estimation process can be done once the
theoretical model has also been established and mathematical expressgdnsdn applied.

Also, the best unbiased linear estimator can be determined from the Kriging estimation

which attempts to determine the weighted valuez(oi.

2. Inverse DistanceWeighted

The IDW is used to determirtbe valuesof unknown parameters amglan inverse
of closer points and the distance of the parameters. The computation of IDW of a
sample () is done assigning weightss{ ) t o t he parameter val

pointsusing the following expression:

Z*(xi) = xei.Z(xi) (3.7)

The performance of the model can be assessed using the root mean square error

(RMSE) which is a function of the Z*(xi) and canumi&ng the following expression

= - aw Xi :
RMSE= -B & ®Q Z'(xi)?2 (38)
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CHAPTER 4
RESULTS AND DISCUSSON

4.1 Statistical Analysis of GWQ Parameters

The water qualiy parameters ahe city ofErbil presented in tablé.1 and4.2 forthe wet
and dry seasons. Turbidity concentrationtf@wet season variefrom aminimumof 0.4
to a maximum15.9 witla mean and standard deviation of 3.04 to 3.07 respectixdy,
skewness and kurtosisvere calculated todeterminethe distribution of datalf the
distribution of datashowed high skewness$ means the dataasnot normally distributed,
it should be transformed usiraglog transform applicationThe values of skewnesmd
kurtosis for turbiditywere established to b&.817 and 3.17 respectively. The values of
turbidity concentration for théry season decreased from 0.2 to 8.1 withemnand standard
deviation of 1.6 to 1.61 respectivelyhe values of skewness andtkasis increasednd this
means that the data for dry seasaas not normallydistributed The value of min, max,
mean, standard deviation, skewnesgjkurtosis for all other parameters for tivet season
showedn table4.1 and for dry season showedaile4.2.

Table 4.1: Examinationof the GWQ parameterswet)

NO parameters Min Max Mean Std Skewness  Kurtosis
1 Turbidity (NTU) 0.4 15.9 3.0492 3.07 1.817 13.17
2 pH 7.2 8.2 7.82 0.23 -0.42 3.5

3 EC (€S/cm) 427 783 559.57 87.2 0.46 2.3

4  TDS (mgll) 2135 3915  279.79 436 0.46 2.3

5 T.A (mg/l) 194 370 256.52 4151 0.7 2.76
6 T.Has CaCO3 (mg/l) 194 480 321.87 55.38 0.68 3.76
7 Ca +2 (mgll) 49 120 80.6 13.74 0.72 3.87
8 Mg +2 (mg/l) 18.28 4872  29.07 557 1.09 4.93
9 Na + (mg/l) 11 61 35.75 14.33 -0.11 1.67
10 K+ (mg/l) 0.8 20.4 3.84 10.45  4.37 20.98
11 Cl- (mg/l) 14 55 2527  7.87 1.22 5.62
12 NOS3- (mg/l) 6.5 66.5 32.59 15.25 0.48 2.48
13 So42 (mg/l) 20 157 49.62 28.84 2.33 8.61
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Table 4.2: Examinationof the GWQ parametersdty)

NO parameters Min Max Mean Std Skewness  Kurtosis
1 Turbidity (NTU) 0.2 8.1 1.6 1.61 2.35 8.43
2 pH 7.1 8.3 7.67 0.27 -0.08 2.27
3 EC (&S/ cm) 409 958 644 128.73  -0.07 244
4 TDS (mg/l) 207.5 479 323.16 61.21 0.03 2.62
5 T.A (mg/l) 180 390 278.54  43.63 -0.08 2.49
6 T.H as CaCO3 (mg/l) 187 570 364.92 88.26 0.29 254
7 Ca +2 (mgl/l) 47 143 92.93 21.98 0.18 25

8 Mg +2 (mg/l) 16.7 65.94 335 9.01 0.79 4.36
9 Na + (mgl/l) 12 96 34.88 17.16  1.19 4.62
10 K+ (mg/l) 0.8 6.2 1.61 0.9 3.19 15.4
11 Cl- (mg/l) 17 200 42.65 24.61 4.33 28.54
12 NO3 (mgll) 3 78 3281 2015 042 2.15
13 So42 (mgll) 19 116 53.11  21.27 053 3.06

Temporal analysis for chemicahd physical of GWQ parametgrgesented in figure 4.1,

4.2,4.3, and 4.4. Figure 4.1 shows that electrical conductitoty) dissolvedsolids,total

alkalinity, and total hardness values increased from 2015 to 20théfiny and wet seasons

but the figures of the018wet season declined he electrical condtiwity was below the

value of 150¢ S/ spetified by the WHOThe EC value ranged frommainimumof 427

e S/ mmmaximumof 783¢ S/ fomthe wet season but for the dsgasonthe range
changed from 409 S/ t 858¢ S/ .Also, total dissolved solid waselow the value of
1000 mg/l forboth seasons. Total alkalinity wagthin the specified value 250 mg/l (WHO)

in all seasons except in tweasons (2017 dry, 2018 wet) vagher than the szified level.

Total hardness wadso within the 500 mglimit in wet seasons for all years lwashigher

in the2017 dry season than the specified value.
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Figure 4. 1: Variation of groundwater physical parameters

Figure 4.2showsthe groundwater physical parametersubidity (NTU) and PH. Aseen
from the graphhe values of PH parametesere within the 6.5-8.5 limit which has been
established byhe WHO for all years and seasarfsrom the sam@gure, it can be said the
turbidity concentration parameter whslow the5-limit specified bythe WHO from 2015
up tothe 2017 wet seasan In overall the turbidity parameter increasadthe 2017 dry

season and 2018 wet season
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Figure 4. 2: Variation of groundwater physical parameters
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Figure 4.3 exhibitthe goundwatercation parametrs ofpotassium calcium,magnesium
andsodum. As itseen from the graph the values of"Ndg"2 and Ca'2 parametersied
within the limit (75200) mgl, (30-150) mgl, and (200-400) mg/l respectively which had
been specified by (WHO) for all years asehsons. From the saifngure, it could be said
thatthe K+ concentration parameter waeow thel2mg/Ilimit specified bythe WHO from
2015 up tahe2017 dry seasomMeanwhile on the other hand, the K+2 parameter increased

in the2018 wet season.
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Figure 4.3: variation of groundwater Cation parameters

Figure 4.4 showshe goundwateranionparameters othlorine, nitrate, andulfate As it
seen from the graplthe valuesof Cl- and So42 parameters wengithin the 200400mg/!
limit which hadbeen specified bsheWHO for all years and seasons. From the séigwee,
it can be saidhat the No3 concentration paraner wasbelow the 1045 mg/l range
specified bythe WHO from 2015 up tdhe 2017 wet seasorAlso, the No3 parameter

increasedn the2017 and 2018 wet season
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Figure 4. 4: Variationof Groundwateanionparameters
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4.2 Calculation of Groundwater Quality Index (GWQI)

An assessment o hter gualywas domedby calawtirg hé WQIlwlhe
concentration of various physical and chemical parameters of GWQ of the dry and wet
seasons from 2015 to 2018 and wpresented in appendix ornehe WQI of the dry and

wet seasons was determinby using water quality parameters and tirenking water
standard othe WHO (2011).According to Shweta et al2Q13) the water quality index
valuehad been classifiedhto six classeslf the WQI is greater than 15001-150, 76-100,
51-75,25-50,andless than 25ndit meanthatit wasunauitable very poor poor,fair, good

and ecellent for drinking respectively.

Table 4.3: WQI range and status

NO WQI Status Possible Usage

1 07 25 Excellent Drinking, Irrigation andIndustrial
2 251 50 Good Domestic, Irrigation and Industrial
3 51-75 Fair Irrigation and Industrial

4 767 100 Poor Irrigation

5 101-150 Very Poor Restricted use for Irrigation

6 Above 150 Unfit for Drinking Proper treatment required befaree

Thirteen Parameters werasedsuch as Turldity, Ca+2 PH, E.C, total hardess, total
dissolvedsolids, So42,K+1, No31, Mg+2,Na+1,Cl-1, to calculatehewater quality index
by usingthe Horton (1965) methadAfter calculatedhe results of the WQI and the number
of wells corresponding to eadtatus of the study area during wet and dry seasens

summarized and presented in table 4.4 up to 4.7.

The WQI in wet seasons (2015) in tabld 4howedhat 20 wells hd excellent status, 18

wells hal good status4 well ha fair status 13 wells ha poor status, 6 wells davery poor

status and one well Haunfit water status but in dry season the excellent status increased to

23, the good status decreased to 8 the fair status increased to 18 the poor statues decreased

to 5, very poor and unfit staseswerethe same in both seasons.
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Table 4.4: WQI resultsof the 2015 dry andet seasns

Status Representing Wet Season Representing Dry Season

W(3,5,6,12,13,14,15,16,17,2¢ W(3,4,6,7,814,15,23,24,25,28,29,30,3.
28,29,30,35,36,37,46,50,52) 33,43,44,45,46,49,50,52,53)

Excellent

W(1,2,4,8,23,24,25,27,32,33,
Good W(1,2,5,13,18,27,34,39)
4,43,44,45,47,49,51,53)
W(9,10,11,12,17,21,22,26,31,35,36,4(

Fair W(7,10,18,55)
2,47,51,54,60,61)

W(9,11,20,21,22,31,38,39,42

Poor W(16,19,20,41,48)
48,59,6061)
Very
W(19,40,41,54,56,57) W(37,38,55,56,57,59)
poor
Unfit W(58) W(58)

The 2016we s easons 06 WQI thatkGwells bdexcellén) statsish 12 wellsl

had good status, 13 well ddair status 10 wells ltgpoor status, Wells hal very poor status

and one well hdhanunfit water status but in dry season the excellent status increased to 24,
the good status decreased f¢he fair status decreased to fi#e poor statues decreased to

8, very poor status increased to 10 #rete is no well hdwnfit status.
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Table 4.5: WQI results ofthe 2016&dry and wet seasons

Status Representing Wet Season Representing Dry Season

W(1,4,5,11,20,21,22,23,25,28, W(2,4,5,6,8,11,19,20,22,23,25,28,3

Excellent
1,32,40,41,43,46,47,49,51,52) 31,32,41,42,43,45,47,48,51,52,53)
W(1,2,6,8,26,29,30,42,45,48,5

Good W(1,9,16,21,40,46,49)
53)

) W(1,3,7,9,10,13,14,16,18,24,3

Fair W(3,7,12,13,18,26,29,44,50,54,60,¢
54,61)
W(12,15,17,33,34,35,37,44,55

Poor 0 W(10,14,17,24,27,34,37,39)

Very poor W(19,27,36,38,56,57,59) W(15,33,35,36,38,55,56,57,58,59)

Unfit W(58) -

The WQI of the 2017 wet seasons tableshéws that 21 wells had excellent status, 7 wells
hadgood status, 11 well ddair status 12 wells ltbpoor status, 6 wells loavery poor status

and 4 wells hd unfit water status but in dry season the excellent statusased to 24, the

good statuslecreased to 2 the fair statlecreased to 7 the poor statuksreased to 4, very

poor statuslso decreasl to 4 and therwasno well have unfit statu3§heWQI of the 2A.8

wet seasons (table 4.7) shovibdt 22 wells had excellent status, 6 wells hgdadstatus,

15 well had fair status 8 wells had poor status, 3 wells had very poor status and 7 well had

unfit water status.
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Table 4.6: WQI results otthe 2017 dry and weteasons

Status Representing Wet Season Representing Dry Season

wW(1,2,6,7,8,10,12,13,22,23,26 W(1,2,4,5,6,8,0,12,13,22,23,26,28,29,

Excellent
28,29,31,34,43,44,46,48,53,5¢ 1,32,34,43,44,46,48,50,53,54)

Good W(4,5,9,24,32,42,50) W(7,9)

) W(11,16,18,20,21,30,35,41,45

Fair W(21,24,30,35,42,45,49)
51,56)
W(14,17,25,33,36,38,39,40,47

Poor W(33,36,41,47)
49,52,57)

Very
W(3,15,27,37,55,61) W(25,27,3739,40)

poor

Unfit W(19,58,59,60) -

Table 4.7: WQI results othe 2018wvet season

Status Representing Wet Season

Excellent W(1,4,7,8,9,10,13,14,22,24,26,28,29,31,34,42,43,44,46,48,5°
Good W(11,12,25,32,35,50)

Fair W(2,3,56,16,18,21,30,33,39,40,41,45,47,51)

Poor W(17,20,27,36,37,38,49,52)

Very poor W(15,59,60)

Unfit W(19,23,55,56,57,58,61)
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4.3 Temporal Analysis of Groundwater Quality Index

The final result shoedthat the water quality index for wet season value rafged 14.34

to 172.28, 13.27 to 154.88, 14.93 to 177.62, and 13.24 to 198.22 for 2015,2016,2017,2018
respectivelyand for dry season value ranged from 17 to 163, 16 to 144, and 12 to 143 for
2015, 2016, and 2017 respectively.

Figure (4.5 and 4.6) showétk water quality of Erbil citgleclined fron2015 to 2018, since
increasedhe WQI in somavells. In 2015 only one well hatie value of WQI unfitted for
drinking but in 208 the number of wells which were not suitable for drinkimggeased to

seven.
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Figure 4.7 up to 4.10 sheaa the results of different WQI at different logats (wells).
Figure 4.7 depicdkc hanges i n the 2015 wet atagraghr y s e a
the quality of water wakigher in thedry season, and the watquality indexvaried for

different wells, well number 58 hdbe highest value of WQI among other wells for both

wet anddry season, it means that the water status in thewasllnsuitalke for drinking

purpose it needegloper treatmenbefore use
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Figure 4.7: Changes in the WQI afells during the 2015 wet and dry season

Figure 4.8 exhilis changes in the WQI of the 2016 wet and dry seasons. As seerm&om t
graph the quality of water wédmsgher inthe dry season, and theater quality indexvaried

for different wells, well number 58 halde highest value of WQI among other wells for wet,
it means that the water status in the welsunsuitabé for drinking purpose it needetbper
treatment before useut for dry seasothere weressome wells that haveewy poor status of
WQI, it neededRestricted use for Irrigatioand there was no wethat hadthe unsuitable

for drinking purpose status.
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Figure 4.8: Changes in the WQI afells during the 2016 wet and dry seasons
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Figure 4.9 exhibiteghanges in the WQI of the 20 wet and dry seasons, aséen from
the graph the quality of water wdsgher in thedry seasonand the water quality index
varied for different wells, wells number(19,58,88d 60) hadhe highest value of WQI
among other wells for wet season, it means that the water status in the welisdenfarn
drinking purpose it needgmioper treatment before uhebut for dry season there were some
wells that hadrery poor status oiVQI, it neededRestricted use for Irrigatioand there was

no well that hadhe unsuitable for drinking purpose status.

Figure 4.9: Changes in the WQI afells during the 2017 wet and dry seasons

Figure 4.10 exhibite@dhanges in the WQI of the 2018 watasorand the WQ\MWaried for

different wells, wellsnumbe (19, 23, 55,56,57,58 argil) hadthe highest value of WQI

among othewells for the season. Asseen from the graph the quality of wateaslowest

in 2018 wet season among the other years and seasons, it means that the water status in the
wellswasunsuitable for drinking purposedreased@dompare to the other years arsg¢asons

propertreatmentwasrequired before use

Figure 4.10: Changes in the WQI of wellduring the 2018 wet season
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