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Abstract: Climate change and the fast growth of industrial and agricultural enterprises can have a
negative impact on groundwater quality. The evaluation of groundwater quality is an important
issue to determine the suitability of water for agriculture and other purposes in the Kurdistan Region
of Iraq. The quality of water is an important indicator for selecting the best Climate Smart Agriculture
practices that can be applied in the region. Industrial and agricultural enterprises use massive
amounts of groundwater pollutants such as fertilizers and pesticides, especially in the agriculture
sectors. Groundwater samples were collected from varying depths of 110 to 200 m for chemical
and physical analysis to determine water availability and quality as well as the effect of water use
and of drought on groundwater level fluctuation in Erbil City. The analysis includes pH, electrical
conductivity, temperature, total dissolved solids, major cations (Ca2+, Mg2+, Na+, K+) and major
anions (SO4

2−, HCO3
−, Cl−, CO3

−). The high TDS value is founded in the central part of the study
area according to groundwater flow which originates from the mountain area toward the center of
the plain. The results of the sodium adsorption ratio (SAR) shows that all water well samples are
suitable for irrigation which have a low sodium hazard and use on sodium sensitive crops must be
cautioned against, and the sodium hazard shows that there is no toxic effect on the plants because all
the groundwater samples fall in the standard limits of sodium percent, which is less than 60%. The
sodium hazard is low, based on RSC results, because it falls below the standard limit which is less
than 1.5 meq/L. All groundwater samples are classified as having excellent-to-good permeability.
The classification of the potential salinity of groundwater samples shows that nine water samples
are in the class excellent-to-good, three water samples are good-to-injurious, and four samples are
injurious-to-unsatisfactory. The water type in the area is mostly sulfate except for three samples, two
of which are of the chloride type and the third is bicarbonate.

Keywords: groundwater quality; water classification; agriculture purposes; hydrochemical indictors;
plain area

1. Introduction

Groundwater is the primary source of drinking water in the Erbil region in Kurdistan,
Iraq. As the population continues to rise, more water is required for industrial, domestic,
environmental, recreational, and agricultural purposes. When water resources are limited,
rising demand for water necessitates efficient water resource management and assessment,
particularly when the water is to be used for human consumption [1] and crop production.
Water management improvements are required to enhance and diversify food production to
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fulfil the needs of a growing population, while minimizing crop vulnerability to droughts,
floods, and climate change [2]. Water management in climate smart agriculture includes
techniques such as drip irrigation and hydroponics, which are more dependent on good
water quality. Water quality can have a negative influence on the performance of an
irrigation system due to the plugging of emitters and sprinklers. These problems can be
caused by inorganic solids (silt and sand), organic solids (algae, bacteria and slime) and
dissolved solids (calcium, iron and manganese) [3].

Therefore, groundwater chemistry based on hydro-chemical data is necessary for
obtaining basic information on water types, categorizing water for various applications,
identifying distinct groundwater aquifers, and studying various chemical processes.

The physical and chemical characteristics that impact groundwater quality in a given
area are substantially influenced by geological formations and anthropogenic activity [4].
Electrical conductivity levels reflected by salinity damage to plants are highly important
considerations in evaluating the quality of water used for irrigation because of its impact
on the osmotic pressure of the soil solution and the capacity of plants to absorb water via
their roots [5].

Groundwater chemical characteristics play an important role in identifying and as-
sessing water quality, and chemical classification shown by the concentration of various
predominant cations, anions and their interrelationships. Ion dissolution in groundwater
occurs more frequently as a result of interactions between groundwater and rock or soil,
and the evaporation process, than as a result of precipitation or other sources. The com-
position of rainwater, mineralogy of the watershed and aquifers, topography, and climate
controls the chemical composition of surface- and groundwater [6].

Groundwater fluctuation analysis estimated the variations in stored water, renewable
storage water quantity, and investment of groundwater uses [7]. Fluctuation is affected by
many factors such as rainfall intensity and quantity, Infiltration capacity of the soil and bed
rocks, groundwater depth above sea level, topography, evapotranspiration, and water well
discharge [8].

Climate change, in the form of longer and more severe droughts or more intense rainfall
events leading to flooding, can affect both the quality and quantity of water, necessitating
planning and management to mitigate its negative effects on drinking water supplies.

The main objectives of this study were to investigate the possible sources of ions
in the groundwater, and to understand the hydrogeological processes and the hydro-
chemical characteristics of the groundwater by analyzing irrigation water parameters
such as major cations and anions. This will allow for a discussion of the possibility of
using groundwater for different purposes. The spatial distribution of hydro-chemical
constituents of groundwater related to its suitability for different purposes, groundwater
classification, water (quality) type, hypothetical salts and the groundwater level fluctuation
were identified for the selected monitoring wells in the study area.

2. Materials and Methods
2.1. Study Area Description

The area of interest is located in the southwestern part of Erbil City and north of Gwer
district, which situated in Shamamek district, extending between (43◦39′17′′–44◦0′11′′ E) and
(35◦55′10′′–36◦12′24′′ N). The area covers about 663 km2, the elevation ranging from 300 m to
500 m above sea level within the foothill zone (Figure 1). The area is bordered by the Zurga
Zraw Dagh anticline in the south and southwest and Erbil City in the northeast. The crops in
the area are mainly wheat and barley, and the irrigation system is surface irrigation.
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2.2. Climate

The climate in the study area belongs to the semi-arid Mediterranean type. It is char-
acterized by cold and rainy winters, and long, hot, and dry summers. Meteorological data
obtained from the Erbil meteorological station for the period from 2003 to 2020 (Figure 2)
shows that annual precipitation is about 456.2 mm, maximum and minimum mean monthly
relative humidity is 70.9% in January and 27.3% in July, respectively. Maximum monthly
temperature is about 39.9 ◦C in August and the minimum is about 11.6 ◦C in January.
Maximum evaporation is 136 mm in July and the minimum is 18.7 mm in January. The
mean annual sunshine duration is 8.2 h/day, and wind speed is between 1.4 and 2.1 m/s
with an annual mean wind speed of 1.8 m/s.
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Figure 2. Mean monthly climatic parameters in the study area for the period 2003–2020.

2.3. Lithological and Tectonic Framework

The main outcrops in the study area are Pleistocene and Holocene deposits represented
by residual and older terraces consists of conglomerate, gravel, sand, clay, silt; Pliocene
deposits represented by the Bai Hassan formation consist of molasses sediment represented
by alternating claystone and conglomerate with some sandstone and siltstone, and the
Muqdadiya formation, which was laid down in a fluvial environment in a strongly sinking
fore deep, and might be considered as typical fresh water molasses with mostly Pliocene
age. The aquifer in the study area is porous aquifer.

Tectonically, the study area is a part of the Unstable Shelf Zone that was affected by
the Alpine orogeny in the Mesozoic in the Chamchamal-Butma sub-zone of the Foothill
Zone. The unstable shelf is characterized by structural trends and faces changes that are
parallel to the Zagros-Taurus suture belts [9].

2.4. Water Sampling and Analysis

Sixteen water well samples were collected in the study area in February 2022 to
investigate quality, suitability, uses and classification of the water in the study area. Garmin
eTrex 20 GPS device was used for field data collection and determining the coordination
of the deep well locations, which generally showed a spatial accuracy of ±4 m (Table 1).
Physical parameters for the samples such as temperature, pH and electrical conductivity
(EC) were measured in the field using portable EC, T and pH meters. Chemical parameters
such as major cations (Ca2+, Mg2+, Na+, K+) and major anions (SO4

2−, HCO3
−, Cl−, CO3

−)
were analyzed in the laboratory of the University of Mosul using ion chromatography
instruments. Total hardness results from the presence of divalent metallic cations of calcium
and magnesium, which are very abundant in water. The total hardness (TH) was calculated
using the equation given by Hem, 1985 [10]:

TH (as CaCO3) mg/L = (Ca2+ + Mg2+) × 50 (1)
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Table 1. Locations and depths of the wells in the Erbil plain area, UTM Coordination system.

# Name of Wells Easting Northing Elevation Well Depth (m)

1 Tandura Village
Well 395,413 3,993,026 335 180

2 Mastawa Village
Well 395,425 3,989,611 313 110

3 Aliawa Shekh
Village Well 393,348 3,985,207 993 150

4 Dil uguleKhwaru
Village Well 396,086 3,995,879 339 162

5 Doosarafatah
Village Well 401,961 3,987,191 337 195

6 Haza Village Well 403,004 3,997,753 354 200

7 Shekh Sherwan
Village Well-1 385,318 3,988,765 296 200

8 YadiQizlar Village
Well 398,120 3,982,848 321 150

9 Dheivan Village
Well-1 393,502 3,989,935 314 132

10 Binberze Gichka
Village Well 396,837 4,001,782 342 200

11 Yarmja Village
Well 394,854 3,999,461 331 120

12 Lajan Harki
Village Well-1 391,684 3,998,770 331 170

13 Sardar Village Well 404,773 3,998,649 367 171

14 Dhemat Village
Well-1 391,635 3,995,103 304 150

15 Awena Village
Well-1 382,574 3,991,776 285 180

16 Bryat Village Well 404,024 3,996,473 342 173

2.5. Groundwater Quality Assessment

The concentration of cations and anions was interrelated, and the irrigation indexes
were calculated including the sodium adsorption ratio (SAR) [11], sodium percentage
(Na%) [12], residual sodium carbonate (RSC) [11], magnesium hazard (MH) [13], potential
salinity (Ps) [14], permeability index (PI) [15], and monovalent cation adsorption ration
(MCAR) [16] were used to assess groundwater quality.

The indexes were calculated using the equations below:

SAR = Na+ (epm)/[Ca+2 + Mg+2 (epm)/2]0.5 (2)

Na% = [Na+ + K+ (epm)/Ca+2 + Mg+2 + Na+ + K+ (epm)] × 100 (3)

RSC (in epm) = (CO3
−2 + HCO3

−) − (Ca+2 + Mg+2) (4)

MH = Mg+2/(Ca+2 + Mg+2) × 100 (5)

Ps = Cl− +
√

SO4 (6)

PI = [[Na+ +
√

HCO3
−]/[Ca+2 + Mg+2 + Na+]] × 100 (7)

MCAR = Na+ + K+/(Ca+2 + Mg+2/2)0.5 (8)

The interpolation for the parameter’s concentration was carried out in ArcGIS 10.1
using the Kriging method to plot the parameter distribution for the well samples in the
study area.
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2.6. Cation Ratio of Structural Stability (CROSS)

The Cation ratio of structural stability CROSS was used to assess the soil permeability
hazard.

CROSS = CNa + 0.56CK/[(CCa + 0.60CMg)/2]0.5 (9)

The major cations commonly occur in irrigation water in soil solutions, and on soil
cations exchange sites, with concentrations and relative distributions influenced by both
natural and anthropogenic factors [17].

Rengasamy and Marchuk [18] proposed that CROSS should be more predictive than
SAR in assessing irrigation water quality for soil permeability hazard because it includes
the dispersive effect of K in addition to that of Na and differentiates the flocculating effect
of Mg from that of Ca.

2.7. Hydrochemical Formula and Water Type

Water type is always represented by account of major cations and anions in (epm%)
it exceeds than (15%) in the hydro-chemical formula, and the formula are determined
according to Ivanov (1968) formula [19]:

Anion (epm%) in decreasing order

TDS (mg/L) ——————————————————- pH

Cation (epm%) in decreasing order (10)

2.8. Groundwater Uses for Irrigation Purposes

The irrigation of cropland has become a widely used practice and has greatly increased
the productivity of farmland. It has made it possible to farm in regions that would not be
farmable without irrigation. A problem with irrigated cropland is the possibility of ground-
water contamination and the stricter restrictions that are going to have to be implemented
on the quantity of fertilizers and pesticides used to reduce the risk of contamination [20].

The classification of irrigation water depends on variables such as: Total Dissolved
Solids (TDS); Sodium Adsorption Ratio; Residual Sodium Carbonate; and Chloride.

2.8.1. Total Dissolved Solids

The suitability of irrigation water is dependent on the effect of the mineral constituent
of water on both the plant and soil, and the effect of salts on soil causing changes in soil
structure. Infiltration is increased with increase in (TDS), and is then used for evaluating
soil permeability [21].

Train classification (1979) [22] was used to assess the suitability of the water for
irrigation, comparing this classification with water samples in the study area (Table 2).

Table 2. Train classification for suitability of irrigation water.

TDS Specifications

<500 Use for irrigation does not have a harmful effect
500–1000 Use for irrigation has a harmful effect on sensitive crops for salinity
1000–2000 Has a harmful effect on crops so needs experience to use
2000–5000 Use for high tolerance crop irrigation and needs experience to use

2.8.2. Sodium Adsorption Ratio

General classification of water sodium hazard based on SAR according to Bauder et al.
(2004) [23] were used to determine the suitable water uses for irrigation (Table 3).
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Table 3. General classification of water sodium hazard based on SAR values [22].

SAR Sodium Hazard Specification

1–9 Low Use on sodium sensitive crops must be cautioned
10–17 Medium Amendments (such as gypsum) and leaching needed
18–25 High Generally unsuitable for continuous use
>26 Very high Generally unsuitable for use

2.8.3. Residual Sodium Carbonate

Higher RSC values suggest that a significant amount of calcium and some magnesium
ions precipitate from the solution, increasing the percentage of sodium in water and soil
particles and thus increasing the risk of a sodium hazard [24].

The relation between RSC and suitability of water for irrigation purposes is as in the
table below (Table 4):

Table 4. Suitability of water for irrigation purposes according to RSC.

RSC Suitability of Water for irrigation

RSC > 2.5 Unsuitable for irrigation
1.5 < RSC < 2.5 Range between suitable and unsuitable water for irrigation
RSC < 1.5 Water suitable for irrigation purposes

2.8.4. Chloride

Chloride is not adsorbed by soils but readily moves with the soil water; it is taken up
by plant roots and moves upward to accumulate in the leaves [25]. Chloride is essential to
plants in very small amounts; it can cause toxicity to sensitive crops at high concentration.
The Bauder [23] classification was used to determine the suitability of water uses for
irrigation (Table 5).

Table 5. Classification based on chloride and its effect on the crops [23].

Chloride (ppm) Effect on Crops

Below 70 Generally safe for all plants
70–140 Sensitive plants show injury
141–350 Moderately tolerant

Above 350 Plants show injury

2.9. Groundwater Classification

Classification of groundwater according to chemical indicators depends on hydro-
chemical parameters. Different types of classification were applied in this research to
classify the water such as: Piper Diagram Classification; Sholler Classification; Chadha
Classification; and Gibbs diagram classification.

2.9.1. Piper Diagram Classification (1944) [26]

This classification can be combined with the classification based on the dominant ions
present in the water. Most classifications of this type use a percentage of anion and cation
equivalents per million [27].

2.9.2. Sholler Classification (1972) [28]

In this classification, the ion concentration in (epm) units is plotted on semi-logarithm
paper. This type of diagram facilitates a visual comparison of the composition of different
water types in descending order, shown in Table 6 [29].
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Table 6. Water type according to Schoeller classification.

Cations Anions

A r(Na+K) > rMg > rCa 1 rCl > rSO4 > rHCO3
B r(Na+K) > rCa > rMg 2 rCl > rHCO3 > rSO4
C rMg > r(Na+K) > rCa 3 rSO4 > rCl > rHCO3
D rMg > rCa > r(Na+K) 4 rSO4 > rHCO3 > rCl
E rCa > r(Na+K) > rMg 5 rHCO3 > rCl > rSO4
F rCa > rMg > r(Na+K) 6 rHCO3 > rSO4 > rCl

According to this classification, parallel relationships in the hydro-chemical composi-
tion for the water reflect the effect of dissolution processes or weathering of rocks by the
water, otherwise the water composition is from another source [30].

2.9.3. Chadha Classification (1999) [31]

Chadha (1999) created a new schematic dividing the origins of ions into eight cate-
gories. The square or rectangular field in a Chadha diagram represents the overall ion
distribution and character of groundwater and is used to demonstrate geochemical compo-
sition and hydro-chemical processes. The rectangular field is divided into eight sub-fields,
each of which symbolizes a different water type, in order to determine the basic character
of groundwater (Figure 3).
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2.10. Groundwater Level Fluctuation

The data of seven monitored wells were obtained to determine groundwater level
fluctuation during the period between 2010 until 2020, and the effect of drought periods
caused by climate change on the groundwater in the study area. The data was obtained
from the Groundwater Directorate-Erbil, Kurdistan Region.

3. Results and Discussion
3.1. Physical and Chemical Analysis

The physico-chemical analysis is shown in Table 7, and the special distribution of all
parameters analyzed are shown in Appendices A–C. The map of total dissolved solids
shows that the high value is founded in the central part of the study area according to the
groundwater flow which originates from the mountain area toward the center of the Erbil
plain (Appendices A–E).

Table 7. Physico-chemical Parameter Analysis for the Deep Wells in the study area, cations and
anions in mole/m3 unit.

SN Well Name EC µs/cm pH TDS ppm SO42− Cl− HCO3 CO3−2 Ca+2 Mg+2 Na+ K+ TH

1 Tandura Village
Well 1045 7.89 679 5.5 1.6 2.5 0 5.7 1.3 2.4 0.3 350

2 Mastawa Village
Well 2740 7.52 1781 8.5 1.5 4.6 0 5.3 1.2 1.8 0.3 325

3 Aliawa Shekh
Village Well 1618 7.82 1052 5.3 0.6 3.2 0 5.9 1.6 1.6 0.1 375

4 Dil uguleKhwaru
Village Well 1189 7.65 773 4.1 3.4 2.3 0 4.6 3.4 1.6 0.2 400

5 Doosarafatah
VillageWell 921 7.8 599 5.7 0.5 3.3 0 4 2.5 2.9 0.1 325

6 Haza Village Well 1434 7.85 932 5.4 1.9 2.4 0 4.8 2.2 2.4 0.3 350

7 Shekh Sherwan
Village Well-1 917 7.86 596 6.5 1.4 2.3 0 6.3 1.24 2.5 0.3 375

8 YadiQizlar Village
Well 888 7.82 577 3.1 0.9 3.1 0 3.6 1.9 1.5 0.1 275

9 Dheivan Village
Well-1 2060 7.6 1339 24.1 2.6 4.2 0 14.5 13 3.4 0.1 1375

10 Binberze Gichka
Village Well 965 7.76 627 6.5 32 4.5 0 15 12 3.5 0.1 1350

11 Yarmja Village Well 1144 7.63 744 1.66 5.9 2.6 0 5.3 1.2 3.5 0.2 325

12 Lajan Harki Village
Well-1 1406 7.64 914 9.0 4.5 2.7 0 7 5.5 3.5 0.2 625

13 Sardar Village Well 912 7.86 593 4.5 1.6 2.4 0 5.4 1.1 1.8 0.3 325

14 Dhemat Village
Well-1 2075 7.6 1349 18.2 4.3 4.3 0 14.7 8.3 3.8 0.1 1150

15 Awena Village
Well-1 1455 7.86 946 6.3 1.5 2.4 0 4.5 2.5 2.9 0.3 350

16 Bryat Village Well 2350 7.88 1528 24.2 2.8 3.7 0 16.2 11.8 3.1 0.1 1400
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3.2. Groundwater Quality Assessment Parameters

The sodium adsorption ratio (SAR) ranges from 1.1 to 2.7, with an average of 1.7 meq/L;
the sodium percentage (Na%) ranges from 5.4% to 22%, with an average of 12.8%; the
residual sodium carbonate (RSC) ranges from −24.3 to −1.9 meq/L, with an average of
−8.9 meq/L; the monovalent cation adsorption ration (MCAR) ranges from 0.2 to 0.9, with
an average of 0.5 meq/L; the cation ratio of structural stability (CROSS) ranges from 0.9
to 2.1, with an average of 1.3 meq/L; the Ps ranges from 2.5 to 35.3, with an average of
8.4 meq/L; the PI percent ranges from 2.6% to 9.4%, with an average of 6.2%, and the
magnesium hazard (MH) ranges from 16.5 to 47.3, with an average of 31.7 meq/L (Table 8
& Appendix D). The special distribution of quality assessment parameters is shown in
Appendix E.

Table 8. Basic statistics of the chemical analysis and field parameters of groundwater samples.

Parameter Maximum Minimum Mean SD

EC (µs/cm) 2740 888 1444.9 577.2
pH 7.9 7.5 7.8 0.1
TH (ppm) 1400.0 275.0 604.7 435.3
TDS (ppm) 1781.0 577.0 939.3 375.2
SO4

2−

(mole/m3)
24.2 1.7 8.7 7.0

Cl− (mole/m3) 32.0 0.5 4.2 7.6
HCO3

−

(mole/m3) 4.6 2.3 3.2 0.8

Ca2+ (mole/m3) 16.2 3.6 7.7 4.5
Mg2+ (mole/m3) 13.0 1.1 4.4 4.3
Na+ (mole/m3) 3.8 1.5 2.6 0.8
K+ (mole/m3) 0.3 0.1 0.2 0.1
Na% 22 5.4 12.8 4.9
SAR 2.74 1.14 1.71 0.55
Ps 35.3 2.5 8.43 8.27
RSC −1.9 −24.3 −8.93 8.16
MCAR 0.9 0.2 0.5 0.25
CROSS 2.1 0.9 1.3 0.37
MH 47.3 16.5 31.7 11.4
PI% 9.4 2.6 6.3 2.23

Increased sodium levels in irrigation water cause the breakdown of well-structured
soils, which limits aeration and water permeability, resulting in lower crop develop-
ment [33]. A sodium percentage of more than 60% is considered toxic to plants; in the
samples studied there is no toxic effect on the plants because all the water samples are less
than 60% Na. General classification of the irrigation water is according to Bauder et al.,
2004 [23] and based on SAR, the water well samples which are suitable for irrigation have
a low sodium hazard and use on sodium sensitive crops must be cautioned against. Ac-
cording to Eaton (1995) [34] and based on RSC, all water samples are suitable for irrigation
because they fall below the standard limit, which less than 1.5 meq/L.

The sodium, calcium, magnesium, and bicarbonate concentrations in the soil influence
soil permeability, which also affects the quality of irrigation water over time. Nagaraju et al.
(2014) [35] classified water quality on the basis of PI into Classes I, II, and III. Classes I and
II indicate good water quality for irrigation purposes, while Class III water is unsuitable for
irrigation (Figure 5). A high permeability index is linked to underlying structural elements that
allow for widespread groundwater contamination. The groundwater samples of the study area
fall into Class I (29.05–72.75%) and were described as having excellent-to-good permeability.
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An increased proportion of Mg2+ relative to Ca2+ increases sodication in soils, which
causes the dispersion of clay particles, which destroys soil structure and lowers relative
hydraulic conductivity [36]. Magnesium ratios of more than 50 are deemed hazardous and
unsuitable for irrigation. As soils grow more alkaline, this will have a negative impact on
crop yield. All the water samples in the study area are acceptable for irrigation purposes.

The suitability of water for irrigation is not dependent on soluble salts. Because low-
solubility salts precipitate in the soil and accumulate with each irrigation treatment, the
soil salinity rises as the concentration of highly soluble salts rises [14].

The classification of the potential salinity of groundwater samples includes three
classes; 1. Excellent to Good (<5), 2. Good to Injurious (5–10), and 3. Injurious to Unsatis-
factory (>10). Nine water samples are classified as excellent-to-good, three water samples
are good-to-injurious, and four samples are in the injurious-to-unsatisfactory water class.

The MCAR ratio may predict the adsorption of monovalent ions by soil colloids on
the basis of cation exchange isotherms, but it fails to weigh the relative efficacies of Na+

and K+ in the numerator and of Ca2+ and Mg2+ in the denominator and treats members of
each pair as identical [16].

When the soil’s K+ and Mg+2 levels are low, CROSS will be similar to SAR in predicting
soil behavior. However, when these cations are present in higher amounts, CROSS will be
more effective than either SAR or MCAR [18].

The water quality types in the study area according to Ivanov, 1968 [19], are of the
Sulfate water type, except that two samples were of the chloride type and one sample of
the Bicarbonate water type (Table 9).
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Table 9. Water type of the water well samples.

Well Number Water Type

1 Na-Ca-Cl-HCO3 Sulfate
2 Na-Ca-HCO3 Sulfate
3 Na-Mg-Ca-HCO3 Sulfates
4 Na-Mg-Ca-HCO3-Cl Sulfate
5 Mg-Na-Ca-HCO3 Sulfate
6 Mg-Na-Ca-Cl-HCO3 Sulfate
7 Na-Ca-HCO3 Sulfate
8 Na-Mg-Ca-SO4 Bicarbonate
9 Mg-Ca Sulfate
10 Mg-Ca-SO4 Chloride
11 Na-Ca-SO4-HCO3 Chloride
12 Na-Mg-Ca-HCO3-Cl Sulfate
13 Na-Ca-Cl-HCO3 Sulfate
14 Mg-Ca-Cl-HCO3 Sulfate
15 Mg-Na-Ca-Cl-HCO3 Sulfate
16 Mg-Ca Sulfate

3.3. Groundwater Uses for Irrigation

Train classification of the water samples based on Total Dissolved Salts (TDS) shows
that eleven water samples, when used for irrigation, had a harmful effect on sensitive crops
for salinity, while five water samples had harmful effects on crops, and so experience is
needed before using them. According to Bauder et al., 2004 [23] and based on SAR, all
water samples have a low sodium hazard and use on sodium sensitive crops must be
carried out with caution. According to RSC, all water samples are suitable for irrigation
purposes. According to Bauder et al., 2004 [23] and based on chloride, all water samples
are suitable for irrigation and generally safe for all plants.

3.4. Groundwater Classification

The Piper Diagram Classification represents one possible system of nomenclature in
which water represented by point (A) would be called calcium bicarbonate water, and
point (B) would represent calcium, sodium, chloride water. Point (C) would represent
sodium, calcium, magnesium, chloride, and sulfate water. The plotting parameters of water
samples on this diagram indicate that most of the samples are of class (C) “sulfate water
type” except for two samples in class (B) “Chloride water type”, and one sample in class
(A) “Bicarbonate water type” (Figure 6).

According to the Shoeller Classification, all the water samples are in class E and F,
meaning that calcium is a dominant cation in the water and the anions vary, but with a
dominance of sulfate anions in most of the water samples (Table 10).

According to the Chadha classification, the water type ranges from class 4 and 6:
strong acid anion with prevailing weak acid anion and earthy alkaline prevailing felsic
alkaline and strong anion acid with prevailing weak anion acid (Figure 7).

The Gibbs classification is a method for estimating the origin of ions in groundwater
by focusing on the correlation between the concentrations of cations, anions, and TDS
(Figure 8).

The Gibbs diagram shows that the origin of the concentration of ions in the groundwa-
ter is evaporation and rock dominance. This characteristic suggests that ion dissolution in
groundwater occurs more frequently as a result of interactions between groundwater and
rock or soil and the evaporation process than as a result of precipitation or other sources.
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Figure 6. Piper trilinear diagram of major ions of water samples studied ([27]).
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Table 10. Water class according to the Shoeller Classification of water samples.

Well Number CatiIons Anions Water Class

1 rCa > r(Na+K) > rMg rSO4 > rHCO3 > rCl E 4
2 rCa > r(Na+K) > rMg rSO4 > rHCO3 > rCl E 4
3 rCa > r(Na+K) > rMg rSO4 > rHCO3 > rCl E 4
4 rCa > rMg > r(Na+K) rSO4 > rCl > rHCO3 F 3
5 rCa > r(Na+K) > rMg rSO4 > rHCO3 > rCl E 4
6 rCa > r(Na+K) > rMg rSO4 > rHCO3 > rCl E 4
7 rCa > r(Na+K) > rMg rSO4 > rHCO3 > rCl E 4
8 rCa > rMg > r(Na+K) rHCO3 > rSO4 > rCl F 6
9 rCa > rMg > r(Na+K) rSO4 > rHCO3 > rCl F 4

10 rCa > rMg > r(Na+K) rCl > rSO4 > rHCO3 F 1
11 rCa > r(Na+K) > rMg rCl > rHCO3 > rSO4 E 2
12 rCa > rMg > r(Na+K) rSO4 > rCl > rHCO3 F 3
13 rCa > r(Na+K) > rMg rSO4 > rHCO3 > rCl E 4
14 rCa > rMg > r(Na+K) rSO4 > rHCO3 > rCl F 4
15 rCa > r(Na+K) > rMg rSO4 > rHCO3 > rCl E 4
16 rCa > rMg > r(Na+K) rSO4 > rHCO3 > rCl F 4
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3.5. Groundwater Level Fluctuation

Many factors influence groundwater level fluctuation, including rainfall intensity,
rainfall quantity, infiltration capacity of soil and rock beds, groundwater depth above sea
level, terrain, evapotranspiration, and water well discharge [8]. Fluctuations in stored
water, renewable storage water amount, and groundwater investment were calculated
using groundwater fluctuation analysis.

Groundwater recharge in the Erbil plain depends on rainfall quantity. In rainy months,
the recharge quantity is greater than the discharge quantity in the wells, which leads to
a rise in groundwater levels, while in dry months (the summer season), the discharge
quantity is greater than recharge quantity (these may be absence recharges), which leads to
a reduction in groundwater levels.

The groundwater level was measured on a weekly basis over ten years by the Ground-
water Directorate in Erbil Governorate (from 2010 to 2020) for six monitored wells in the
study area (Daldaghan well, Khazna well, Mastawa well, Peerdawood well, Shekh Sherwan,
and Tendura-1 well). All the wells penetrate quaternary deposits and Bai Hassan Formation.
Figure 9 and Appendix F represent the groundwater fluctuation for these six wells, which
shows the depression of the groundwater table (increasing depth to groundwater) during
these periods due to the effects of climatic change as well as the effects of drought periods
on the study area.
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4. Conclusions

The present research assessed the quality evaluation of the groundwater in the Erbil
Plain region; the parameters were analyzed using the concentration distribution of ions
in the groundwater. The findings demonstrate that using ground water for irrigation will
not harm plants because all water samples had a sodium content of less than 60%. Based
on RSC, all water samples were shown to be suitable for irrigation because they fall under
the standard limit, which is less than 1.5 meq/L. SAR indicates that the water wells are
suitable for irrigation because they have a low sodium hazard, though caution should be
exercised when using them on sodium-sensitive crops.

According to the classification of water quality of the permeability index, groundwater
samples from the study area fall into Class I, and aquifers were found to have excellent-
to-good permeability. Nine water samples were classed as excellent-to-good, three water
samples were good-to-injurious, and four samples were injurious-to-unsatisfactory, accord-
ing to the classification of the potential salinity for groundwater samples.

Since CROSS is not based on the exchange isotherm, it cannot determine how much
Na+ and K+ have been adsorbed. However, it might be used to predict dispersive effects
on soil stability and hydraulic properties based on the relative amounts of the four cations
present in the equilibrium soil solution. According to the criteria used to evaluate the water
quality, the majority of the samples are suitable for irrigation.

All the water samples are in the sulfates water type except for two groundwater samples,
which are of the chloride type (Binberze Gichka Village Well and Yarmja Village Well) and one
groundwater sample is of the bicarbonate water type (Yadi Qizlar Village Well).

Over the ten years measuring the groundwater table, fluctuation in the area for some
wells shows a depression in the groundwater table due to drought periods during this time,
as well as to global climate change.

In the future, especially in agricultural areas, we propose the inclusion of contaminants
such as pesticides in the monitoring of ground water quality. When pesticides are sprayed
on crops, they can penetrate the surface of the ground and reach water-containing aquifers.
Groundwater becomes contaminated as a result, making it unusable for both agricultural
and human purposes. We also recommend conducting research on the toxic anion and trace
elements in the study area to find out the effects of heavy metals and some toxic anions in
the area.
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Table A1. Calculated parameters of irrigation water quality in the study area.

SN Well Name Na% SAR Ps RSC MCAR CROSS MH %PI

1 Tandura Village Well 16.1 1.83 4.4 −4.5 0.2 1.4 18.6 7.4
2 Mastawa Village Well 13.7 1.4 3.9 −1.9 0.2 1.1 18.5 8.1
3 Aliawa Shekh Village Well 9.7 1.15 3.3 −4.3 0.3 0.9 21.3 6.2
4 Dil uguleKhwaru Village Well 10.2 1.14 5.5 −5.7 0.7 0.9 42.5 5.4
5 Doosarafatah VillageWell 18.8 2.33 3.4 −3.2 0.6 1.8 38.5 9.1
6 Haza Village Well 16.3 1.83 4.6 −4.6 0.5 1.5 31.4 7.4
7 Shekh Sherwan Village Well-1 15.6 1.84 4.7 −5.2 0.2 1.4 16.5 7.0
8 YadiQizlar Village Well 12.2 1.26 2.5 −2.4 0.5 1.0 34.5 7.9
9 Dheivan Village Well-1 5.9 1.28 14.7 −23.3 0.9 1.0 47.3 2.8

10 Binberze Gichka Village Well 6.3 1.14 35.3 −22.5 0.8 1.1 44.4 3.0
11 Yarmja Village Well 22.0 2.74 6.7 −3.9 0.2 2.1 18.5 9.4
12 Lajan Harki Village Well-1 13.0 1.99 9.0 −9.8 0.8 1.6 44.0 5.5
13 Sardar Village Well 13.7 1.4 3.9 −4.1 0.2 1.1 16.9 6.8
14 Dhemat Village Well-1 7.8 2.67 13.4 −18.7 0.6 1.2 36.1 3.6
15 Awena Village Well-1 18.7 2.23 4.7 −4.6 0.6 1.8 35.7 8.1
16 Bryat Village Well 5.4 1.15 14.9 −24.3 0.7 0.9 42.1 2.6
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