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Abstract: This investigation was conducted during June ,2019 to November ,2019 for classification of water of (54)
wells in Erbil province 26 of them in north and north east of Erbil and the other half at south west of Erbil. The
studied waters were classified for irrigation purpose depending on some global systems or classification and
Principal component analysis was done for the calculated parameters used in classification.. Depending on USDA
classification(1954) the water of the water of (20 and 6) locations or wells having C2S1 and C3S1 Class respectively
.While for the south east Erbil wells the water classes were C1S1, C2S1, C3S1 and C4S1 for (1,5,17, and 3) wells it
means the water quality in south west of Erbil west is bad in comparing with the water for wells in north and north
east of Erbil. Depending Ayres and Westcot (1985) and Doneen classification the water wells in north and north
east of Erbil had better water classes in comparing with the groundwater in south west of Erbil.,. A scree plot for
eigenvalues recorded in this investigation showed the pronounced change of slope after the third eigenvalue.
Eigenvalue close or greater than one (unity) were three factors for north and north east of Erbil and two factors for
water of south west of Erbil due to its higher EC value.

Keywords: Groundwater; water classification; Principal component analysis; Erbil.
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I. Introduction

Groundwater regards as a source of water resources in Iraq especially in Iragi Kurdistan region since the irrigation
projects are not existing in this part of Iraq except very small irrigation projects in some villages [1]. Groundwater has a
significant role in agricultural uses and drinking purpose in rural areas [2]. The groundwater quality is simply the result of
the geology and hydrology of the area, types and chemical composition of rocks, weathering in the source area, and final
mineral composition of the sediments are the main factors controlling the quality and chemical composition of the studied
water [2]. Groundwater quality is varied from location to other depending on geological formation of catchment area,
chemical composition of aquifer, environmental condition ...etc. [3,4]. The large basin of ground water is existing in Erbil
governorate in comparing with the area of groundwater basin in other governorates which equal to more than (5000 km?)
and the number of drilled wells is about (10000) wells [1]. Research’s [5] and [6] indicated that the advancement in
technology caused an increase in drilling wells and use of groundwater reached too deep of aquifers to obtain large amount
of water, the quality was classified depending on the main chemical properties for irrigation as follow:

1. Classification of water for irrigation uses:

The most important global systems for irrigation water classification was summarized as follow:
1.1. Richards or USDA classification (1954):

This classification depending on electrical conductivity and sodium adsorption ratio (EC and SAR), separately classified
into four classes as shown in Table 1, and classified into 16 classes when it depending on both EC and SAR Table 2.
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Table 1.Richards classification for irrigation water (1954)

Water class Electrical conductnzléy pmohs cm -1 at 25 V(\;/|Ztsir SAR Water class
C1 = low-salinity 0 <EC<250 S1 S1<10 C1 = low-salinity
C2 = medium-salinity 250 <EC <750 S2 10 <1§2 = C2 = medium-salinity
C3 = high-salinity 750 < EC < 2250 s3 18757 | C3=high-salinity
C4 = very high- 2250 < EC < 5000 s4 s4>26 C4 = very high-
salinity salinity

Na = Sodium concentration, Ca = Calcium concentration, Mg = Magnesium concentration (mmol L)

Na

Carmig T
2

SAR =

1.2. Doneen classification (1954):

Depending on Doneen [7] the irrigation water were classified as shown in Table 2.

Table 2. Doneen classification of water.

When: SAR = Sodium adsorption ratio

Salinity potential (SP) =Cl +1/2 SO,*(mmol, L")
Water class Permeability
High Moderate Low
Good <7 <5 <3
Moderate 7-15 5-10 3-5
Bad > 15 > 10 >5

1.3. Wilcox classification (1955):

This classification of water depending on residual sodium carbonate (RSC), which classified into three classes Table 3.

Table 3. Water classification depending on RSC.

Water class

RSC=(€C0;%~ + HCO3™) — (Ca?* + Mg?*)

RSC (mmol, ™)

1- probably safe <1.25
2- Marginal 1.25-25
3- Unsuitable >2.5
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1.4. Ayers and Westcot classification (1985).
Avyers and Westcot [8] depended on EC (dS.m™), SAR of the soil, in classification of the irrigation water into three classes
Table 4.

Table 4. Ayers and Westcot irrigation water classification (1985).

15. Potential irrigation problem Unit Degree of restriction use

None | Slight to moderate | Severe

Salinity dSm* <0.7 0.7-3.0 >3.0
ECy at25C
Infiltration >0.7 0.7-0.2 <0.2
Sodium toxicity (SAR) (mmol 1)*? 723 3-9 >9

Surface irrigation

pH Normal Range 6.5-8.4

1.5. Don classification (1995):

This classification based on EC, SAR, Na % and pH, the water classification classified into five classes which
explained in Table 5.

Table 5. water classification based on TDS, EC, SAR, Na% and pH.

Water quality | EC (dSm™ | Na% | SAR pH

Excellent <0.25 20 3 6.5
Good 025-0.75 | 20-40 | 3-5 |65-6.8
Permissible 0.75-20 | 40-60| 5-10 | 6.8—7.0
Doubtful 20-30 |60-80|10-15|7.0-8.0

Unsuitable >3.0 >80 >15 >8.0

The groundwater quality for a limited area was conducted by numerous workers such as [3] and [9-12]. Since none of
the studies included wide area of Erbil governorate and none of them depended on principal component analysis for
comparing between water qualities for this reason this study was done to:

1- Classification the groundwater in north and south Erbil governorate for irrigation.

2- Using Principal component analysis for water evaluation.

Il. Materials and Methods:

2.1. Study area:

The study was conducted during the dry season of 2019; the samples were taken from 22 of June to 2 of July 2019 from 52
locations in agricultural lands of Erbil governorate Iraqi Kurdistan region which including (North and north east of Erbil
(26) and south west of Erbil(26) samples. The GPS reading for the studied locations were recorded in table (2-1) and 2-2).

2.2. Water sampling:

Water samples were collected from (52) wells as mentioned above the depth of the wells was between (150 — 300) m, and
the water were taken by using plastic bottle of 330 ml. The water samples were kept in refrigerator at (4 °C) and send it to
the laboratory for analysis.

2.3. Water chemical analysis:

Various chemical analyses were analyzed as follow:
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1. Electrical conductivity (EC), Potential Hydrogen (pH) and temperature of the water samples were recorded at the site
by using EC, pH and temperature meter Model (HI 9814) (APHA,2009)..
2. Cations and trace element of water sample were analyzed in the laboratory by using inductive coupled plasma optical
emission spectrometer 2100DV (ICPOES 2100 DV), the cations were (Ca?*, K*, Na* and Mg®*).
3. system (ICS 1500), (Dionex ICS 1500), which were (.50,%, CI', SO,% and HCO3).
I11. Statistical Analysis:

The statistical analysis was conducted using SPSS program version 22 and XLSTAT,2016.

Table 6. GPS reading of the south west of Erbil.

NO. Locations latitude longitude
1 Shamshula (1) | 37°77°96.00 " | 44°08'37.20 *
2 Shamshula (2) | 36°58'98.00 " | 44°01'61.60 "
3 Shamshula (3) 36°94'87.00 " | 44°11'58.60 "
4 Shamshula (4) 36°88'31.00 " | 44°04'58.20 "
5 Gwer (1) 37°04'04.00 " | 44°06'86.20 "
6 Gwer (2) 37°38'14.00 " | 44°18'04.40 "
7 Gwer (3) 37°76'06.00 " | 44°11'43.60 "
8 Abo Sheta (1) 37°86'09.00 " | 44°03'40.70 "
9 Abo Sheta (2) 37°86'41.00 " | 44°03'41.30 "
10 Abo Sheta (3) 37°86'87.00 " | 44°03'44.70 "
11 Zaga 37°75'70.00 " | 43°97'86.80 "
12 Qadria 37°94'67.00 " | 44°38'30.20 "
13 Hawera 37°46'50.00 " | 44°39'07.20 "
14 Gainj 37°20'88.00 " | 44°19'61.20 "
15 Klaw Rash (1) | 37°87'37.00 " | 44°01'96.00 "
16 Klaw Rash (2) | 37°86'47.00 " | 44°01'78.60 "
17 Klaw Rash (3) | 37°77'02.00 " | 44°01'74.40 "
18 | Gamesh Tapa (1) | 37°84'66.00 " | 44°03'96.40 "
19 | Gamesh Tapa (2) | 37°82'77.00 " | 44°03'77.90 "
20 | Gamesh Tapa (3) | 37°83'78.00 " | 44°03'65.00 "
21 Kapran (1) 37°79'65.00 " | 44°03'37.90 *
22 Kapran (2) 37°94'48.00 " | 44°03'79.50 *
23 Kapran (3) 37°88'34.00 " | 44°03'90.60 "
24 Alyawa (1) | 36°44'24.00 " | 44°06'13.40 "
25 Alyawa (2) 36°50'77.00 " | 44°06'41.00 "
26 Alyawa (3) 36°44'55.00 " | 44°06'11.80 "
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Table 7. GPS reading of North and north east of Erbil.

NO. Locations latitude longitude
1 Bnawe 36°28'04.00 " | 44°22'74.30 "
2 Gomspan 36°27'30.00 " | 44°13'01.70 "
3 Heran 36°71'92.00 " | 44°17'51.00 "
4 Solawk 36°29'99.00 " | 44°14'11.20 "
5 Sewaka 36°33'63.00 " | 44°11'77.90 "
6 Sheraswar 36°46'53.00 " | 44°22'58.80 "
7 Hajran 36°41'03.00 " | 44°09'62.80 "
8 Aghulan 36°84'42.00 " | 44°20'00.60 "
9 Hanara 36°29°02.00 " | 44°42'54.80 "
10 Qalasnj 36°96'76.00 " | 44°24'00.20 "
11 Mala Omer 36°19'63.00 " | 44°17'46.50 "
12 Kalakeen 36°25'66.00 " | 44°40'98.90 "
13 Shawes 36°25'19.00 " | 44°40'92.50 "
14 Tawska 36°68'00.00 " | 44°26'93.70 "
15 Khoran 36°22°48.00 " | 44°21'04.00 "
16 Kore 36°31'99.00 " | 44°28'79.00 "
17 Shaglawa (1) 36°39'80.00 " | 44°33'58.00 "
18 Shaglawa (2) 36°39'85.00 " | 44°43'29.10 *
19 | Shaglawa (Semon 3) | 36°40'18.00 " | 44°43'26.80 "
20 Sebardan 36°15'92.00 " | 44°12'03.90 "
21 Sharabot 36°24'36.00 " | 04°42'04.80 "
22 Mam Choghan 36°22'21.00 " | 44°21'20.00 "
23 Senan 36°17'14.00 " | 44°56'01.00 "
24 Krosh 36°17'70.00 " | 44°56'11.00 "
25 Smaquli 36°17°'07.00 " | 04°45'84.80 "
26 Awgrd 36°20'90.00 " | 04°44'94.80 "

The chemical variables of properties of the studied water samples and scientific parameters were recorded in table (8,9,10
and 11) and the parameters were calculated depending on the following equations:

Soluble sodium percentage (SSP).
o Na*® (megl™)
Total soluble cation concentration (megl™)

X 100. ............ 1)
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Sodium adsorption ratio (SAR).

SAR = N, @)

\/Caz* +Mg?*
2

lon concentrations must be expressed in mmol, L*(meq L™) to calculate SAR using above equation.

Adjusted sodium adsorption ratio (Adj. SAR).
Na*

2
Where:

Na*, Ca*", Mg®* = Sodium, calcium, magnesium concentration in meq L™ pHc = (pK; - pKc) + p (Ca** + Mg*") + p(ALK)
(pK; - pKc) = The tabulated value for sum of concentrations of
(Ca** + Mg*" + Na) meq L™
pKc = The solubility product of CaCO3.
pK, = Second dissociation constant of calcium bicarbonate.
p(Ca®* + Mg®") = the tabulated value for sum of the concentration of
(Ca** + Mg®*) meq L™
p(ALK) = the tabulated value for sum of the concentration of
(CO3* + HCO3) meq L™

Adj.SAR =

{14 (8.4 - PHO)} wvvveveerennene. A3)

Adjusted sodium adsorption ratio (Adj.RNa).
Na*

\/(M ....................
2

Adj. RNa =

Where;
Na" = Sodium concentration in meq L™.
Mg?®* = Magnesium concentration in meq L™.
Ca,*" = A modified calcium value taken from table adapted from

3
2+
a

which depends on EC and ratio.

Salinity potential:
Salinity potential (SP) =CI" +1/2 SO,*(mmolc L™) or meq L™

Table 8. Some chemical properties of the studied groundwater in North and East of Erbil province.
No. Location EC | pH | pHc | Ca* | K | Na* | Mg* | SO,* | HCO®. | CI
Bnawe 0.66 | 7.83 | 7.45 | 3.90 | 0.02 | 0.27 | 2.44 | 2.00 340 | 1.23
Gomspan 0.67 | 7.87 | 7.30 | 3.00 | 0.02 | 0.25 | 3.90 | 3.42 239 | 1.25
Heran 0.27 |1 8.01 | 805|114 | 0.01|0.06 | 1.70 | 1.40 1.00 | 0.49
Solawk 053|795 | 750|301 (001|017 | 209 | 2.02 197 |1.19
Sewaka 118 | 7.52 | 6.80 | 6.71 | 0.01 | 0.36 | 5.09 | 4.12 539 | 255
Sheraswar 037|787 | 760|230 |001|023]| 134 | 145 2.00 | 041
Hajran 0.69 | 8.01|7.40 | 412 | 0.02 | 0.29 | 3.00 | 2.47 350 |1.67
Aghulan 123 | 784|675 6.61 | 0.01 |1.98| 423 | 4.32 6.34 | 2.20

O|N[O|O[B|W|IN|F
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9 Hanara 085 |7.96 | 710 | 422 | 0.01|135| 355 | 3.24 | 433 |1.40
10 Qlasnj 0.72 |1 8.07 | 7.60 | 255 | 0.02 | 2.60 | 1.98 | 3.56 2.00 | 1.50
11 Mala Omer | 0.78 | 7.85 | 7.20 | 3.34 | 0.01 | 2.33 | 2.33 | 2.90 3.97 | 1.09
12 Kalakeen 037|784 | 770|200 | 001|048 | 1.34 | 1.40 2.00 | 0.59
13 Shawes 0.40 | 7.96 | 7.60 | 2.14 | 0.01 | 0.17 | 1.82 | 2.01 1.69 | 0.40
14 Tawska 0.30 | 8.08|7.80| 1.78 | 0.01 | 0.44 | 1.00 | 1.09 155 | 0.46
15 Khoran 0.3318.02|830| 190 |003]|0.74| 1.02 | 1.43 159 | 0.50
16 Kore 050 (793|750 215 |001|120| 210 | 1.90 230 | 1.20
17 | Shaglawa (1) | 0.60 | 7.95 | 7.80 | 2.30 | 0.02 | 2.20 | 1.80 | 2.40 256 | 1.40
18 | Shaglawa (2) | 0.63 | 7.51 | 7.50 | 422 | 0.01 | 0.30 | 2.02 | 2.74 218 | 171
19 | Shaglawa (3) | 0.79 | 7.96 | 7.10 | 4.00 | 0.01 | 0.58 | 3.67 | 3.10 | 4.38 | 0.72
20 Sebardan 034 | 781|780 (235001012 1.01 | 1.24 150 |0.72
21 Sharabot 0.53 | 7.95 | 7.50 | 2.33 | 0.02 | 0.29 3 2.13 207 | 141
22 | Mam Choghan | 0.40 | 8.11 | 7.60 | 2.10 | 0.01 | 0.20 | 1.89 | 1.67 2.01 | 0.70
23 Senan 159 | 8.36 | 6.60 | 7.50 | 0.17 | 3.55 | 5.2 4.9 8.24 | 3.20
24 Krosh 081799 |7.15| 430 | 0.04 | 058 | 3.22 | 2.89 3.2 2.00
25 Smagquli 055|7.85|780| 195 |002|1.00| 29 | 256 212 | 1.00
26 Awgrd 058 | 7.96 | 760 | 235 | 0.01 | 1.34 | 2.11 | 2.22 2.3 1.11
LSD 021 043|040 | 150 | 001|044 | 1.02 | 1.09 1.43 | 0.23
Table 9. Shows some studied groundwater parameter in North and East of Erbil province.

No. Location RSC | SAR | Adj.SAR | AdjRNa | SP | SSP

1 Bnawe -2.94 | 0.11 0.21 0.15 2.23 | 4.07

2 Gomspan -451 | 0.10 0.20 0.12 2.96 | 3.49

3 Heran -1.84 | 0.04 0.05 0.04 1.19 | 2.08

4 Solawk -3.13 | 0.08 0.14 0.09 22 | 3.22

5 Sewaka -6.41 | 0.1 0.27 0.16 4.61 | 2.96

6 Sheraswar -1.64 | 0.12 0.22 0.14 1.14 | 5.93

7 Hajran -3.62 | 0.11 0.22 0.15 291 | 3.9

8 Aghulan -45 | 0.6 1.59 0.94 4.36 | 15.43

9 Hanara -3.44 | 0.48 1.11 0.69 3.02 | 14.79

10 Qlasnj -253 | 1.22 2.2 1.41 3.28 | 36.36

11 Mala Omer -1.7 | 0.98 2.15 1.34 2.54 | 29.09

12 Kalakeen -1.34 | 0.26 0.44 0.3 1.29 | 12.44

13 Shawes -2.27 | 0.09 0.15 0.09 141 411

14 Tawska -1.23 | 0.26 0.42 0.28 1.01 | 13.62

15 Khoran -1.33 | 0.43 0.48 0.43 1.22 | 20.05

16 Kore -1.95 | 0.58 1.11 0.69 2.15 | 21.98

17 | Shaglawa (1) | -1.54 | 1.09 1.74 1.33 2.6 | 34.81

18 | Shaglawa (2) | -4.06 | 0.12 0.23 0.15 3.08 | 4.58

19 | Shaglawa (3) | -3.29 | 0.21 0.48 0.3 2.27 | 7.02
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20 Sebardan -1.86 | 0.07 0.1 0.07 134 | 3.44
21 Sharabot -3.26 | 0.13 0.24 0.15 2.48 | 5.14
22 | Mam Choghan | -1.98 | 0.1 0.18 0.12 154 | 4.76
23 Senan -4.46 1 2.79 1.62 5.65 | 21.62
24 Krosh -4.32 | 0.21 0.48 0.29 345 | 7.13
25 Smaquli -2.73 | 0.45 0.73 0.55 2.28 | 17.04
26 Awgrd -2.16 | 0.63 1.14 0.77 2.22 | 23.06
Table 10. Some chemical properties of the studied groundwater in south east of Erbil province.
No. Location EC | pH | pHc | Ca®* | K | Na* | Mg* | SO, | HCO; | CI
1 Shamshula (1) | 135|784 | 6.7 | 6.38 | 0.02 | 048 | 7.12 | 6.3 5.75 2.12
2 Shamshula (2) | 0.33 | 7.84 | 7.65 2 001(022| 15 | 145 1.37 0.8
3 Shamshula (3) 21 |782| 66 | 11.6 | 0.01 | 7.45| 2.89 11 7.71 3.2
4 Shamshula(4) | 033|783 | 7.8 | 201 | 0.01 | 0.23 | 142 | 1.47 1.34 0.82
5 Gwer (1) 033 79 | 78 | 212 | 0.01|0.22 | 1.23 | 1.43 1.32 0.84
6 Gwer (2) 135(791| 6.8 | 811 | 0.01| 156 | 545 6 5 4.12
7 Gwer (3) 139|784 | 6.9 | 6.77 | 0.02|5.17 | 2.99 6 5.02 2.89
8 Abo Sheta (1) 1 78 | 71 | 48 |001]221| 389 | 59 4 1.05
9 Abo Sheta (2) 092 |791| 71 | 315 | 001|121 | 5.1 4.4 3.72 1.2
10 Abo Sheta(3) | 085|801 | 7 293 | 001|122 | 482 | 242 5.33 1.2
11 Zaga 021|786 | 82 1 0.01(0.28| 099 | 1.11 0.81 0.38
12 Qadria 031|784 | 74 15 |0.01|068 | 1.24 14 1.6 0.44
13 Hawera 179 |785| 6.6 | 6.98 |0.01| 2.6 | 9.78 | 8.8 7.72 3.21
14 Gainj 0.66 | 8.01| 75 3.2 002|144 | 217 3 2.15 1.67
15 KlawRash (1) | 1.16 | 789 | 7.1 | 461 | 001 | 2.2 | 493 | 3.99 6 1.61
16 KlawRash (2) | 123|787 | 7.1 | 534 | 001|439 | 238 7 4.3 1.3
17 Klaw Rash (3) | 1.05|7.86| 7.1 | 3.45 | 0.02 | 3.23 4 5.78 3.52 1.23
18 | Gamesh Tapa (1) [ 0.98 | 795 | 7.2 | 435 | 0.02 | 234 | 3.45 | 56 3.23 1.2
19 | Gamesh Tapa(2) | 0.84 | 8.12 | 7.5 35 [0.02]223 3 4.2 35 0.94
20 | Gamesh Tapa(3) | 0.96 | 8.09 | 7.4 | 3.32 | 0.02 |3.23 | 321 | 52 2.84 1.7
21 Kapran (1) 123|778 | 6.9 | 409 |0.02|3.35| 5.65 6 491 2
22 Kapran (2) 1.13 | 8.05| 7.1 | 445 |0.02|323| 3.75 | 5.73 4 1.67
23 Kapran (3) 089 81| 73 39 [0.02]222 3 5 3 1.09
24 Alyawa (1) 384 | 75 6 219 | 002 | 79 | 899 | 1798 | 14.2 7.2
25 Alyawa (2) 6 | 749 | 58 |3819|003|139| 99 | 301 23 10.12
26 Alyawa (3) 235(7.95| 78 | 122 [ 0.01| 05 11 6.4 1143 | 5.96
LSDon 024 | 031|022 | 1.05 |[0.01|234| 290 | 3.22 3.80 2.67
Table 11. Shows some studied groundwater parameter in south west Erbil province.
No. Location RSC | SAR | Adj.SAR | AdjRNa | SP SSP
1 Shamshula ; -7.75 | 0.13 0.35 0.2 5.27 | 3.43
Shamshula -2.13 | 0.12 0.2 0.12 153 | 5.83
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3 Shamshula 3 -6.78 | 1.96 5.48 3.52 8.7 | 3394
4 Shamshula 4 -2.09 | 0.12 0.2 0.13 1.56 | 6.26
5 Gwer ; -2.03 | 0.12 0.19 0.12 156 | 6.05
6 Gwer , -8.56 | 0.42 11 0.65 7.12 | 10.31
7 Gwer 3 -4.74 | 1.65 4.14 2.55 5.89 | 34.58
8 Abo Sheta ; -4.69 | 0.75 1.72 1.07 4 20.26
9 Abo Sheta , -4.53 | 0.42 0.97 0.57 3.4 |12.78
10 Abo Sheta 3 -2.42 | 044 1.05 0.63 2.41 | 13.59
11 Zaga -1.18 | 0.2 0.24 0.18 0.94 | 12.28
12 Qadria -1.14 | 041 0.82 0.43 1.14 | 19.83
13 Hawera -9.04 | 0.64 1.78 0.98 7.61 | 13.42
14 Gainj -3.22 | 0.62 1.18 0.73 3.17 | 21.08
15 Klaw Rash ; -1.04 | 0.18 0.41 0.14 091 | 12.43
16 Klaw Rash , -3.84 | 1.54 3.54 2.27 48 | 35.01
17 Klaw Rash 3 -3.93 | 1.18 2.72 1.62 4.12 | 30.19
18 | Gamesh Tapa, | -4.57 | 0.84 1.84 1.14 4 23.03
19 | Gamesh Tapa , -3 0.87 1.66 1.18 3.04 | 25.49
20 | Gamesh Tapas | -3.69 | 1.26 2.53 1.63 43 | 33.03
21 Kapran ; -4.83 | 1.07 2.68 1.56 5 25.55
22 Kapran ; -42 | 1.13 2.59 1.56 454 | 28.21
23 Kapran 3 -39 | 0.85 1.77 1.13 3.59 | 24.29
24 Alyawa ; -16.69 | 1.42 4.83 2.82 16.19 | 20.36
25 Alyawa , -25.09 | 2 7.22 4.75 25.17 | 22.41
26 Alyawa 3 -1.77 | 0.28 0.45 0.28 1.66 | 13.48

IV. Results and Discussion:
The minimum, maximum, mean and standard deviation for the studied variables of the studied water samples at both
locations in Erbil governorate were recorded in Table 12 which prepared from Tables 8,9,10 and 11) which were depended

in both classification of the studied water for irrigation and principal component analysis(PCA) .

Table 12. Shows the values of the studied variables at two locations .

Variables | North and north east of Erbil | South and south west of Erbil
EC (dSm™) | Min. | Max. | Mean | SD Min. | Max. | Mean | SD
pH 027 | 159 | 064 | 031 0.21 6.00 133 | 1.22
pHc 751 | 836 | 7.93 | 0.17 7.49 8.12 7.88 | 0.15
Ca™" 6.60 | 8.30 | 7.47 | 0.39 5.80 8.20 7.13 | 0.54
K* 1.14 7.50 3.24 1.00 6.61 39.19 | 7.77 | 4.29
Na* 0.01 | 0.17 | 0.02 | 0.01 0.03 0.02 0.01 | 0.01
Mg”™ | < | 006 | 355 | 0.89 | 0.93 0.22 | 1390 | 2.83 | 3.04
SO,” ; 1.00 | 520 | 253 | 1.18 099 | 1100 | 4.40 | 2.85
HCO®. E 1.09 | 490 | 248 | 1.00 1.11 | 30.10 | 6.29 | 5.99
CI € | 1.00 | 824 | 292 | 1.68 0.81 | 2300 | 526 | 4.74
SP 0.40 | 3.20 1.23 | 0.70 0.38 | 1012 | 231 | 2.28
RSC -6.41 | -1.23 | -2.85 | 1.30 | -25.09 | -1.04 | -5.26 | 5.21
Ca2+ 1.01 | 565 | 248 | 1.15 0.12 2.00 0.79 | 0.58
SAR 0.04 | 1.22 | 037 | 0.36 0.19 7.22 199 | 181
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Adj.SAR 005 | 279 | 073 | 0.76 0.12 4.75 1.23 | 1.16
Adj RNa 004 | 162 | 048 | 0.48 091 | 2517 | 5.06 |5.20
SSP% 2.08 | 36.36 | 12.39 | 10.32 | 3.43 | 35.01 | 19.50 | 9.61

The statistical analysis indicated to significant difference at level of significant 0.01 between the chemical properties
of the studied water samples for the studied wells of north and south Erbil (Table 8 and 10). Similar results were obtained
by [11].

3.1. Water classification for irrigation:

The studied water was classified according to some global classification depending on Table (8 and 10) for north and

north east of Erbil and depending on Table (9 and 11) for south west of Erbil as follow:
3.1.1. Recharded classification (1954):

The studied water according to this classification were classified as shown from table below. It is appearing that the
water of (20 and 6) locations or wells having C,S; and CsS; Class respectively. It means the water class are differing
depending on EC value, while they were similar in their class depending on SAR value, since the SAR value of the water in
Kurdistan region is low due to high concentration of calcium and magnesium and low concentration of sodium as shown
from (3.2) . This result agrees with those recorded by [3].While for the south east Erbil wells the water classes were C1S1,
C2S1, C3S1 and C4S1 for (1,5,17, and 3) wells it means the water quality in south west of Erbil west is bad in comparing
with the water for wells in north and north east of Erbil .this may be due to the differing in geological formation of the
studied two locations and the existing of upper Fars formation in south west of Erbil and Bakhtyari formation in north and
north east of Erbil which caused increase in electrical conductivity and soluble salts in south west of Erbil in comparing
with north and north east of Erbil (table,2.3 and 2.5).Similar results were obtained by [3].

3.1.2. Classification of Wilcox (1954):

Depending on Wilcox (1954) the water of all the studied wells for both (north and north east and South west) of Erbil
having safe class since the residual sodium carbonate (RSC) below 1.25 mmolc L™ or having negative values Table 13.
This may be due to high concentration of calcium and magnesium in the studied water sample in comparing with the
concentration of carbonate and bicarbonate .It is appear from Table 13 that the negative values for RSC were higher in
south west of Erbil in comparing with its value at north and north east of Erbil (Table 13) due to the higher concentration
of calcium ,magnesium , in south west of Erbil. These results agree with [11].

3.1.3. Ayers and Westcot (1985) classification:

Depending on some parameters the studied waters were classified according to Ayers and Westcot (1985) as shown
from Table 13 In general, the quality of water in north and north east Erbil is better than the studied waters in south west of
Erbil. This may be due to differing in the geological formation of the studied locations.

Table 13. Explains water classes according to Ayers and Westcot (1984).

Water Degree of restriction for use
Parameters North and north east of Erbil South west of Erbil
None | Slight -moderate | Sever | None | Slight - moderate | Sever
EC (dSm™) 0 26 0 1 23 2
pH 26 0 0 26 0 0
SAR 26 0 0 26 0 0
Adj. SAR 26 0 0 21 5 0
HCO;3 |_o 26 0 0 2 22 2
Q

c- |E-| 26 0 0 | 22 3 1

3.2. Factor analysis:

In principal component analysis (PCA) analysis the number of components is equal to the number of variables. The
eigenvalues was depended to determine the number of (PC) that can be retained for further study. A scree plot for
eigenvalues recorded in this investigation showed the pronounced change of slope after the third and second eigenvalues (
Table 14 ,Figure,1and 2) for north and south west Erbil respectively. Eigenvalue close or greater than one (unity) which
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explained (59.58,26.47 and 7.43) and (71.50 and 15.2) % of the total variation respectively for both locations respectively
(Table 14). it means in the north and north east of Erbil three factors had significant loading or influence(Tablel14) while in
south east two factors (F1 and F2) had significant effect on water quality due to higher EC values in south west of Erbil.
The comparison between these two factors (F1 and F2) is necessary. It is appear from eigen values and variability% that
the F1 is caused 59.58 and 71.50 % in water properties in (north and north east) and (south west) of Erbil respectively due
to higher EC and ionic concentration in south east of Erbil in comparing with north and north east of Erbil. information
contained in the original database and Table 14).The cumulative variation of these two factors was( 80.05 and 85.6%) for
both locations respectively ,while the third factor (F3) also significant in north and north east location which caused
increase in cumulative 5 variability t093.48%. the variation effect of other factors can be neglect (F3 to F16 ) and (F4 to
F16) for both locations respectively . Since the number of samples were26 samples per location with the degrees of
freedom (df) =24 for this reason the correlation coefficient values equal or more than 0.47 is significant and contribute in
factors or had significant effect on factors (table,3.3) The locations of the studied parameters or vectors in Figure (3 and 4)
depends on positive or negative correlation between parameters and the factors in Table 14. The parameters which were
located in quarter one of the circle it means the correlation of them with both F1 and F2 are positive significantly as shown
in Table 15 and their locations depends on the values of correlation coefficient , also if the angle value between two vectors
equal or more than 90 degrees it means there are significant correlation between them, and the angle greater than 90 degrees
indicates to non-significant difference between them. In general the location of vectors in Figure (3 and 4) depends on the
sign of factor(F | and F2).
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Fig.1. Scree plot for water parameters in north and north east of Erbil.
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Fig.2. Scree plot for water parameters in south west of Erbil.
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Table 14. The eigenvalues, variability and cumulative variability for water of wells at both locations in Erbil.
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Fig.3. Plot vectors for water of north and north east of Erbil.
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Fig.4. Plot vectors for water of south west of Erbil.
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Table 15. Factor loadings between variables and factors from the water samples in South east of Erbil.

Variables F1 F2 F3 F4 F5 F6 F7 F8 F9 F10 F11 F12 F13 F14 F15 F16
EC 0.97 -0.21 | 0.06 -0.06 | 0.10 0.00 0.05 -0.01 | 0.02 -0.01 |-0.01 |o0.01 0.01 0.00 0.01 0.00
pH -0.69 | 0.34 0.52 -0.19 | 0.03 0.32 0.01 0.00 -0.01 | 0.00 0.00 0.00 0.00 0.00 0.00 0.00
pHc -0.85 | 0.04 0.05 0.04 0.50 -0.08 | -0.07 |-0.09 |-0.02 |O0.01 0.01 0.00 0.00 0.00 0.00 0.00
Ca” 0.95 -0.23 | 0.01 0.02 0.19 0.06 0.04 0.02 0.03 -0.04 |-0.01 |-0.01 |0.00 0.00 0.00 0.00
K* 0.59 0.31 0.54 0.49 -0.02 |-0.15 | 0.03 0.02 -0.02 | 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Na* 0.96 0.23 -0.11 | 0.02 0.06 0.05 0.09 -0.02 | 0.00 0.07 -0.01 | -0.01 | 0.00 0.00 0.00 0.00
Mg** 0.63 -054 | 0.35 -0.36 | -0.17 |-0.15 |-0.04 |-0.08 |-0.04 |O0.01 0.00 0.00 0.00 0.00 0.00 0.00
SO~ 0.99 -0.09 | 0.01 0.04 0.04 0.05 0.02 -0.09 | 0.04 -0.01 |-0.04 | 0.00 -0.01 | 0.01 0.00 0.00
HCO4 0.92 -0.30 | 0.09 -0.14 | 011 -0.01 | 0.12 0.00 0.00 -0.01 | 0.04 0.00 0.00 0.00 0.00 0.00
Cl- 0.89 -0.33 | 011 -0.12 | 0.18 -0.01 |-0.10 | 0.16 0.00 0.02 -0.01 | 0.00 0.00 0.00 0.00 0.00
RSC -0.94 | 0.20 0.01 -0.19 | 0.09 -0.12 | 0.12 0.06 -0.03 | 0.00 -0.01 | 0.01 0.00 0.01 0.00 0.00
SAR 0.76 0.64 -0.06 |-0.13 |-0.01 |-0.02 |-0.05 | 0.00 -0.05 | -0.02 |-0.01 |-0.01 | 0.02 0.00 0.00 0.00
Adj.SAR 0.89 0.42 -0.13 | -0.05 | 0.00 0.01 -0.01 | 0.01 -0.06 | 0.00 0.00 0.02 -0.01 | 0.00 0.00 0.00
Adj RNa 0.89 0.43 -0.12 | -0.04 | 0.04 0.04 0.00 -0.01 |-0.07 |-0.02 |0.01 -0.01 |-0.01 | 0.00 0.01 0.00
SP 0.97 -0.08 |-0.05 |0.14 -0.03 | 0.11 -0.09 |-0.03 |0.01 0.02 0.03 0.01 0.00 0.01 0.00 0.00
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*Values > 0.47 means the significant relation between variables and loading factors

For Table 15, F1 =EC, pH, pHc, Ca** K*, Na*, Mg** ,50,%, HCO;-, Cl-, , RSC, SAR ,Adj.SAR , Adj.RNa
and SP.

F2 = Mg and SAR.

Other factors can be neglect since there is no significant correlation or loadings among variables and (F3
to F16).

For table (3.4) F1 = EC, pHc, Ca®* K., Na,, Mg* ,SO,, HCO;, CI', RSC, SAR,Adj.SAR , Adj.RNa
and SP.

F2=pH, Na, RSC, SAR, Adj.SAR, Adj.RNa and SSP.
F3 =pH, and K.

Other factors can be neglect since there is no significant correlation or loadings among variables and (F4
to F16).

Conclusion
The results indicated that the studied groundwater are differing in their quality among wells or
locations and depending on the applied global classification for irrigation water. In general, the water
quality in north and north east of Erbil is better than those in south west of Erbil. The principal component
analysis (PCA) regards as a best method for studying and limiting the factors depending on their
significant effect and importance. Recommendations:

Depending on the obtained results the following recommendations were created:

1. Classification the groundwater for different uses.
2. Comparison between cluster analysis and Principal component analysis in future studies.
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Table 15. The loading values among variables and factors for the water samples in north and north east of Erbil.

Variables F1 F2 F3 F4 F5 F6 F7 F8 F9 F10 F11 F12 F13 F14 | F15 F16
EC 0.98 -0.18 | 0.00 -0.05 |-0.05 |-0.01 | 0.04 | 0.02 0.00 0.01 0.03 -0.02 -0.01 0.01 0.00 | 0.00
pH 0.16 0.51 0.78 -0.14 | 024 |0.14 | 0.05 0.03 0.00 0.00 | 0.00 |O0.00 0.00 0.00 | 0.00 |0.00
pHc -0.84 0.39 0.02 0.30 0.03 -0.09 | 0.19 0.05 -0.06 | 0.01 0.00 0.00 0.00 0.00 0.00 | 0.00
Ca** 0.87 -0.41 | 0.00 -0.05 | -0.22 | 0.08 0.09 0.09 0.03 0.01 0.00 |o0.01 0.01 0.00 | 0.00 |0.00
K" 0.66 0.15 0.63 0.27 -0.19 | -0.16 |-0.07 |-0.01 |0.04 |0.00 |O0.00 |O0.00 0.00 0.00 | 0.00 |0.00
Na* 0.76 064 |-005 |-0.010 |-0.03 |-0.02 |-0.03 |0.03 -0.05 | 0.02 -0.01 | -0.02 0.01 -0.01 | 0.00 | 0.00
Mg* 0.83 -0.45 | 0.05 -0.09 | 0.22 -0.15 | 0.05 -0.14 | -0.02 | 0.00 | 0.00 | 0.00 0.00 0.00 | 0.00 |0.00
SO,” 0.94 -0.16 |-0.13 | -0.01 | 0.19 -0.11 | -0.03 | 0.14 | 0.00 -0.02 | -0.02 | 0.00 0.00 0.00 | 0.00 |0.00
HCOs 0.92 -0.18 | 0.10 -0.24 | -0.19 | -0.04 | 0.12 -0.04 |-0.02 |-0.01 |-0.01 | 0.00 0.00 0.00 0.00 | 0.00
Cr 0.90 -0.23 | -0.01 | 0.29 -0.02 | 0.19 0.00 -0.09 |-0.03 |-0.01 |-0.01 |0.00 0.00 0.00 0.00 | 0.00
RSC -0.66 0.70 0.09 -0.16 |-0.18 | -0.01 |-0.01 |-0.04 |-0.04 |-0.02 |-0.02 |-0.01 -0.01 0.00 | 0.00 |0.00
SAR 0.57 0.80 -0.20 | 0.03 0.04 |0.01 0.01 0.00 0.02 -0.03 | 0.03 0.01 -0.01 -0.01 | 0.00 | 0.00
Adj.SAR 0.74 0.66 -0.08 | -0.05 | -0.03 | 0.00 -0.08 | 0.01 -0.04 | 0.03 0.00 0.02 -0.01 0.00 0.00 | 0.00
Adj RNa 0.68 0.72 -0.13 | -0.02 |-0.02 | -0.01 |-0.02 | -0.01 |-0.08 |-0.01 |0.01 0.00 0.02 0.01 0.00 | 0.00
SP 0.96 -0.21 | -0.06 | 0.17 0.07 0.07 -0.01 | 0.01 -0.02 |-0.01 |-0.01 | 0.00 0.00 0.00 0.00 | 0.00
SSP 0.36 0.87 -0.27 | 0.05 0.06 0.01 0.08 -0.05 | 011 0.01 -0.02 | 0.00 0.00 0.00 0.00 | 0.00
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