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ABSTRACT

Monitoring the quality and quantity of groundwater is crucial for the effective and sustainable
management of this valuable resource. In arid and semi-aried areas, irrigation water quality and soil
salinity were the main limiting factor for growing agricultural crops, increased salinity of groundwater
used in dry areas with limited rainfall hinders crop diversification that can be produced. Therefore, it is
important to ensure the quality of irrigation water, this study dealt with the physical and chemical
composition of groundwater in a location where groundwater in the Kharayeb al-Sheikh area is considered
the main source of water for irrigation of crops, The water in those places is characterized by some
problems related to the quality and suitability for irrigation field crops and trees, The aim of this study is
to show the chemical characteristics of groundwater used in the irrigation process and classify it according
to the scheme [1] and evaluate it according to the standard specifications of the Food and Agriculture
Organization of the International [2] . Water samples were obtained from the six wells located within the
study area for the period between the year 2023 to 2024 and in various seasons.
The values of hydrogen ion potential (pH) of well water were ranged between (6.8-7.3), the electrical
conductivity (ECe) of salts ranged between (3.9-7.4 dSm-1), and the sodium absorption rate (SAR) ranged
between (7.6-16.2) Potassium (K+) (6.7- 19.8) Calcium (Ca+2)(16.1- 30.1), Magnesium (Mg+2) (9.9-
22.3), Chloride (Cl-) (40.8- 56.1), Bicarbonate (HCO3 -) (8.81- 27.5) sulphate (SO4-2)(25.0- 37.9),
sodium (Na+)(32.4-60.1) meql-1, and the Kelley index was (0.66-1.94), The results of the study showed
variations of some chemical characteristics over a range Its suitability for irrigating crops. Well water is
classified as C5S1, C5S2, C4S1, and C4S2, all of which have high salinity, the study recommends taking
administrative measures when using this water.
Keywords: Groundwater; Western Desert; Agricultural uses; Anbar Governorate; Mapping irrigation

water classes.
Copyright © 2025. This is an open-access article distributed under the Creative Commons Attribution License.

INTRODUCTION

Groundwater is critical for sustained economic activity, growth, food security, social and economic
development, and adaptation to the impacts of climate change. However, the sustainability of this vital
resource is under threat in many regions, partly due to the lack of clear management policies. In the context
of global pressures on food and water supply systems, policymakers must act now to ensure that groundwater
is managed responsibly across the various sectors that depend on this Reference.
In [3] divided the desert regions into three types based on the amount of rainfall, starting with extremely arid
lands, which do not receive any rainfall for 12 consecutive months, to arid lands, which receive an annual
rainfall of less than 250 mm, while semi-arid lands are the regions where the average rainfall ranges between
250-500 mm annually. In his study of groundwater in the Western Desert. [4] noted the predominance of
sulfate ions, followed by chloride, nitrate, and bicarbonate among negative ions. Among positive ions,
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calcium ions predominated, followed by sodium and magnesium. He found that 45% of the water in the
studied areas had a salinity less than 13.2 dS m1-, and only 13% had a salinity greater than 19.2 dS m1-, This
indicates that a small percentage of well water in the Western Desert contains high amounts of salts,
according to data from [5]. The study of water hydrochemistry is of great importance in agricultural
production, as water cannot be completely pure in nature and has a direct impact on the growth and production
of agricultural crops. It affects the productive capacity of soils through its impact on the chemical, physical,
and biological properties of the soil [6]. [7]explained that knowing the quality of groundwater is no less
important than knowing its existence and quantities, because the quality of groundwater differs from one
region to another according to a group of factors, including the nature of the chemical and physical
composition of the rocks, which is reflected in the quality of groundwater contained in each well.

[8] studied the Groundwater Quality Index (GWQI) and its uses for irrigation purposes using Geographic
Information System (GIS) techniques for the Nekor-Ghiss plain (Morocco). A multi-criteria analysis based
on a GIS was used to determine values for various water quality attributes. The Piper and Durov scheme
Were
The study focused on the main water parameters groundwater samples, such as sodium adsorption rate (SAR),
dissolved sodium percentage (Na%), residual sodium carbonate (RSC), and permeability index (PI), The
majority of water samples in the study area were suitable for irrigation. Based on magnesium hazard (MH)
and Kelley's ratio, 51.9% of samples were unsuitable for irrigation purposes, while 59.49% were considered
good for irrigation purposes. In the study of [9], Alappuzha district, Kerala state, South India, which is mainly
dependent on groundwater for agricultural needs, for irrigation purposes, an attempt is made to find out the
variables controlling water quality of deep groundwater aquifers using statistical tools.

[10] considered surface water quality parameters as an important means of determining the suitability of
water for irrigation. Data from 32 irrigation stations were used to calculate sodium absorption rate (SAR),
sodium content (Na%), Kelly index (KI), permeability index (PI) and irrigation water quality index (IWQI)
to assess surface water quality. The obtained SAR, K1 and Na% values ranged from 0.10 to 9.43, 0.03 to 1.37
megL-1 and 3.16 to 57.82%, respectively. The calculated P1 values showed that 93.75% of the water samples
were in the “suitable” category and 6.25% in the “unsuitable” category. The obtained IWQI values from the
research area ranged from 30.59 to 81.09. In terms of irrigation water quality, 12.5% of the samples were of
“good” quality, 15.62% of “poor” quality, 68.75% of “very poor” quality and 3.12% of “unsuitable” quality.
Based on these values, the IWQI value was estimated based on the SAR, Na%, KI and PI values using a
multiple regression model. The regression coefficient (R2) was determined to be 0.6 in the multiple
regression analysis. A moderately significant relationship was detected (P <0.05). A relationship was
concluded between the dependent and independent variables and the statistical performance of the models
was determined using statistical values such as the mean value (), standard error (SE), standard deviation
(o), R2, root mean square error (RMSE) and mean absolute percentage error (MAPE).

[11] highlighted the global importance of groundwater as a source for meeting irrigation needs. Assessing
the quality of groundwater in the Toshka area is essential to ensure its suitability for extensive agricultural
activities in this promising region. This development relies on groundwater to address water shortages and
implement major development projects in arid areas. Fifty-two samples were collected from wells in the
Nubian region within the sandy aquifer in the Toshka area. Groundwater quality was assessed using
hydrochemical analysis, a Piper diagram, and various indicators such as Na%, SAR, RSC, KR, MH, and PI.
Hydrochemical analysis revealed an improvement in groundwater quality, attributed to continuous recharge
from Lake Nasser, The Piper diagram classified most of the water samples as "secondary salinity," and nearly
all wells were suitable for irrigation, with only two wells deemed unsuitable based on MH values and six
wells classified based on KR values. All samples were classified as "soft." It was concluded that all samples
met the WHO and FAO guidelines. Irrigation, and spatial distribution maps were shown using geographic
information systems to present the interpretation of the results, The current study addresses the following:

1. An explanation of the groundwater quality status of the resources in the Kharayeb Al-Sheikh area within
the arid regions of the Western Iragi Desert.

2. Evaluation of groundwater for agricultural use according to [2] Water Quality Index approach, and
classification within the [1] scheme.

3. Recommendations for addressing the problems of using these water resources are presented.

2.Methodology
Study area description

The Kharayeb ash-Shaykh area is located in western Irag, as shown in Figure 1, and it lies between
latitudes 25° 33'to 27'. 00" 19° 33' North and between longitudes 48° 42' 46.26' and 38° 42' 02.39' East with
a geographical area of approximately 98.1 km2 and within the hydrological unit of the Western Desert of
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Irag [12] . The study area is surrounded from the north by the Euphrates River for a distance of 18.1 km,
from the east by the Suh Al-Ghor region, from the west by part of the Al-Hajjaa Valley, and from the south
by the Ramadi-Rutba highway. The inhabitants of the study area practice agriculture and animal husbandry,
which is the main occupation of the citizens of the region. The Ramadi-Rutba highway extends within the
center of the region. The elevation of Kharayeb ash-Shaykh is 96-181 m above sea level. Irrigation water in
many areas of this study depends entirely on groundwater. It was noted that there is some agricultural
investment in the study area and it is an important source of water for irrigation purposes and industrial use
for quarries of construction materials for building stones and building sand in the Abu Asfia area.

N
7

Figure 1: Location of study area within Iraqi Western Desert

Climate of Study Area

The study area belongs to the semi-desert climate zone, where the average rainfall does not exceed 100
mm per year, The aridity in the region coincides with a significant rise in temperature, averaging 24.5 degrees
Celsius. The study area is characterized by being exposed to northwesterly winds, where temperatures are
relatively low in the winter, and easterly winds. The natural climate of the region lies between the Euphrates
River floodplain and desert areas with river valleys in the summer and rainwater drainage in the winter,
Rainfall in the study area is characterized by irregularity and scarcity, and is characterized by sudden and
abundant rainfall, falling in the winter months (November-December, January-February, March-April) in
varying quantities, Temperature is the most important climate element, as it controls most other climate
elements. The variation in temperature from one place to another or from one season to another, in turn,
controls its distribution and movement system. It is the primary cause of evaporation of water bodies and the
occurrence of precipitation in its various forms. Its irregular distribution is the basis for all weather conditions
and daily changes, and it has a major role in the spatial distribution of living organisms on the Earth’s surface,
in addition to its role in agricultural development plans, By observing the table and figure, the thermal
characteristics and rainfall amounts can be analyzed, as it is characterized by a very hot and long summer
due to the absence of clouds throughout the day, which exceeds 14 hours during the summer months, in
addition to its continental distance, which distances it from marine influences and the nature of its continental
surface, which lacks vegetation, which is characterized by dryness, while temperatures decrease in the winter
during the months of (December, January, February), as temperatures reached (11.3, 9.4, 11.7°C)
respectively, due to the short length of the day, which does not exceed 10 hours, and the sun’s rays falling
obliquely, and the region being exposed to cold air masses [13] ,Table 1. Climatic data for the Kharayeb
ash-Shaykh area,The study area is characterized by the presence of two short transitional seasons
characterized by moderate temperature, as the temperature increases starting from the month of March, April,
May, where the temperature was recorded at (15.5, 22.2, 27.2 °C) respectively, which represents the spring
season. As for the autumn season, the temperature begins to decrease during the months of (September,
October, November), where the temperature reached (29.7, 24.5, 16.3 °C) respectively. As for the monthly
averages of maximum temperatures, we note a decrease in the rates in the winter season in January, where
the lowest average was recorded at 15.1 °C. With the spring season, the maximum temperature rates begin
to rise until they reach 43.6 °C due to the vertical fall of the sun’s rays, the low relative humidity, and the dry
winds on the study area. In the autumn season, starting from the month of September, the maximum
temperatures begin to decrease to 32.8 °C in October and 22.4 °C in November. The table shows the monthly
rates of relative humidity in the study area, where it is noted that it varies due to differences in temperature
and rainfall, The lowest rate of relative humidity reached 18% in June, and the highest rate in January, with
a value of 67%, where rainfall and low temperatures occur. As for the rainfall, it is within the Mediterranean
system, as rainfall begins from October until March. The winter season, which includes the months of
December, January, and February, receives amounts of (21.0, 22.0, and 19.0 mm), respectively. While the
amount of rain is in the spring season, which includes the months of March, April, and May, as the amounts
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recorded are 18.0, 12.0, and 3.0 mm, respectively. As for the summer season, there is no rainfall in the months
of June, July, and August, due to the non-arrival of the Mediterranean lows, in addition to the presence of
hot, dry tropical air masses that are characterized by dryness. In the autumn season, it begins. The
Mediterranean depressions are back in activity, and God willing, rain will fall during the month of September.
Figure 2 shows the monthly average rainfall (mm) and the average monthly maximum and minimum

temperatures.
Table 1: Climate data for Kharayeb ash-Shaykh area
January February March April May June July August September October November December
Avg. Temperature °C* 10.3 13 18.4 24.1 30.2 34.7 371372 329°C 268 173 11.9
Min. Temperature °C 6.2 8 12.3 175 23.3 27.9 30.4 30.2 26.2 209 126 7.9
Max. Temperature °C 15.1  18.3 241 30 36.240.9 435436 394 328 224 16.5
Precipitation / Rainfall 22 19 8 12 3 0 0 O 0 8 18 21
Humidity (%) 67% 56 38 31 23 18 19 20 25 34 53 65
Rainy days (d) 3 3 2 2 1 0 0 o0 0 1 2 3
ava. Sun hours (hours) 8.1 9.3 105 116 125129 127120 11.2 10.2 838 7.9

* Source: https://en.climate-data.org/asia/irag/al-anbar-Ramadi[14]
(Data: 1991-2021. Average temperature °C, minimum and maximum temperature °C, rainfall mm, relative
humidity, rainy days, Data: 1999-2019: average sun hours))
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Figure 2: Monthly a\;'eraé}a ra{i‘nfaulll (n;m) mo"hthlgl a\)éradé méxinﬁ(um temperature (°C)

Geology and Geomorphology of Study Area

The map in Figure 2 shows the geological formations on the surface, extending from the Miocene to the
Holocene [15] , Lithologically, the study area includes carbonates and marls, according to [16] ,The
distribution of these sediments and other geological formations is as follows:

Euphrates (upper member) Formation:

Depositional environment (shallow active).

Consists of basal conglomerates, dolomite, Cretaceous limestone, and limestone, with granular limestone,
dolomite, and dolomite.
Fatha (Nafayil Bebs) Formation:

The marine environment and crater formation layers are higher than four gravel deposits in the sections
near Euphrates River, They consist of cyclic rock sequences of mudstone (marl), limestone, gypsum, gypsum,
limestone, and mudstone.

Residual soil

This is the main soil type in the study area, generally covering flat and gently sloping areas, with gravel
being present (0-53.7%), often with a sub-circular to sub-angular shape. Calcite and dolomite are the major
constituent minerals, less abundant than limestone and marl. Sand constitutes 7.4-72.5% of the soil. Fine
particles, including both silt and clay, constitute 5-90.2% (YASIN, 1990) [17].

Valley Fill (Holocene):

Deposits extend along the entire course of Wadi al-Muhammadi and its branches. The valley is filled with
sediment, the main components being gravel and coarse sand. The gravel consists of limestone, dolostone,
and silicate sandstone, rounded in shape and ranging in size from a few centimeters to 35 cm, but may reach
more than 50 cm and, very rarely, up to 100 cm. The depth varies along the course and even in adjacent areas,
reaching up to 8 m, but averaging 2-5 m.

Depression Fill Sediments (Holocene):
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The sediments consist mainly of clay and silt within the low-lying areas and range in thickness from 0.5—
1.5m.
Gypcrete:

The locations of this crust vary across the section. It is devoid of simple application, and its thickness
ranges between 0.3 and 2.5 m. It contains cracks and veins of secondary bodies, with diameters ranging
between 0.5 and 2 cm, extending to the bottom of the underlying layers. These cracks, which are deposited
within them, may have resulted from drought,

Quaternary sediments: These consist of the following:

- Pleistocene river sediments.

- Pleistocene-Holocene foothill sediments.

- Pleistocene-Holocene residual soil deposits.

- Pleistocene-Holocene valley sediments.

- Pleistocene-Holocene floodplain deposits.

- Pleistocene-Holocene depression deposits.

- Organic soil deposits, which are secondary sandy loam deposits of gypsum and tar.

- Sabkha deposits, which are Holocene saline clay deposits, Figure 3. Geological map of the study area.
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Figure 3:The Geological map of study area showing geological formations

Fieldwork:

Six wells and springs within the study area were identified and their geographic coordinates determined
using a GBS device. Water samples were collected at a rate of three samples every three months (seasonally)
from each of the six wells for the year 2023-2024 using sterile, sealed plastic bottles, Electrical conductivity
and pH were estimated locally using field instruments, Drops of formalin were added and stored in a field
refrigerator until transported and preserved to the laboratories of the Desert Studies Center at Anbar
University, Groundwater samples were collected from six wells within the study area, including shallow
wells, artesian springs, and deep wells, during March 2023. pH and electrical conductivity (EC) were
measured using digital measuring devices and electrical conductivity directly in the field, The samples were
transported, stored in a cooler, and transported from the field to the laboratory. The collected water samples
were analyzed for the major ions: Ca, Mg, Na, K, HCO3, COs, SO4, and ClI, for chemical analyses according
to the methods described in [17], calculating the sodium adsorption ratio (SAR) values according to [18]
classifying well water according to [1] , and evaluating the studied well water according to the Food and
Agriculture Organization of the United Nations (FAQ) standards for water classification [2] ,Table 3 shows
the criteria used in the evaluation process, Figure 4 shows the methodology of the current study, which
includes groundwater sampling, analysis, and comparison of the results obtained with national and
international standards, statistical analysis of the various characteristics, modeling, and indicators, the spatial
distribution of sample sites, the various characteristics, and the water quality index using geographic
information systems. Table 2 shows the coordinates and elevation of the sites above sea level.

Table 2 Explains the location of wells relative to latitude and longitude

No. N E Height above sea level m
1 33724 38.63[1 42°47 06.8[ 100
2 33°23" 56.9101 42°37' 59.920) 156
3 33°23" 25.7901 42°41' 55.180 132
4 33°23" 045901 42°45' 24.270] 114
5 33°23" 151700 42°49' 36.130) 104
6 33718 46.6801 42°39' 09.24 137
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[18] and [21] introduced another factor for evaluating the quality and classification of water for irrigation
purpose based on the concentration of Na* with Ca%* and Mg?*, which can be calculated using the equation.

at
Kl = Na

T Ca¥t 4 Mgt

(All ion concentrations are expressed in meqL), KI > 1 indicates excess level of Na* in the water so water
with KI > 1 is recommended for irrigation, whereas water with KI > 1 is not recommended for irrigation due
to the risk of alkali formation [22] , [23] .

Table 3

Criteria for the assessment of well water according to FAO standards) [2]

value of minimum use

. Sever
Nature of the problem .
P None Shight restriction of
Moderate
use
Salinity value (EC) dS m-1 >0.7 0.7-3 <3
Total dissolved salts ppm 450 450 — 2000 <2000

Sodium adsorption ratio

Electrical conductivity EC

0-3 <0.7 0.7-0.2 >0.2
3-6 >1.2 1.2-03 >0.3
6-—12 <19 1.9-05 >0.5
12-20 <29 29-13 >1.3
20-40 <5 5-29 >2.9
Side effect of ions
Sodium (megL-1) natural irrigation 3> 3-9 <9
Chloride (megL-1) surface irrigation 4> 4-10 <10
Other incidental effects
Nitrate (megL-1) NO3- N 05> 5-30 <30
Bicarbonate (meqgL-1) 15> 15-85 <85
pH 6.5-8.4
Selecting Study Area
v
Groundwater sampling (GPS)
Laboratory analysis
[ ]
(Cations) (Anions) | (Parameters)
L »- !
| Multivariate Statistical Techniques Spatial distribution GIS) |
L 7
| Standard limits (WHO |
A 4
| Water__(?ualitv |
Irrigatiré Water
[ Mapping Spatial distribution ]
(GIS)

Figure 4. Research methodology of current study.

4. Result and Discussion

Water Content of Cations and Anions:
Table 4 shows chemical properties of main important ions in stating the water condition in study area and

the statistical relationships of those properties, Among the cations, Ca*? is a major component, its content

ranged between (11.3 - 28.1) at a rate of 19.0 meql™, and concentration of Mg*? ranged from (11.3 - 28.1) at a

rate of 19.0 megl?,

The sources of magnesium in groundwater are magnesium-bearing minerals present in

rocks ,The contents of Na* and K* in groundwater of the wells of the study area ranged between (32.4 - 60.1)
and (6.7 - 19.8) respectively, [23] , the sodium content is considered from good to permissible. As for the
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standards of the US Salinity Laboratory [1] , sodium is considered (doubtful) at these values, while potassium
is considered (permissible). The amount of HCO3 varies between The studied wells were (8.81 - 27.5) meql-
!, while CI- was in the range (40.8 - 156.1 meql), Bicarbonate (8.81 - 127.5 meql) and Sulphate in the range
(8.81 - 37.9 megl™).

Table 4 : Chemical characteristics and statistical data of the well water studied

Properties * Units Wle”' ngl' Well.3 WZ”' ngl. ngl. Min. Max. Mean SD
pH - 70 71 6.9 68 72 73 68 73 70 018
EC dsm? 59 6.1 5.8 74 39 36 39 74 54 144
TDS mgll 4720 4880 4640 5920 2496 2304 2304 5920 4160  1440.3
(Na*) meal" 505 504 400 601 324 502 324 601 437 117
Potassium(k®) ™" 67 85 167 88 198 129 67 198 132 472
CalciumCa®y ™ 217 301 170 161 270 200 161 301 219 5.07
MagnesiumMg® "M% 209 113 281 149 221 169 113 281 190 542
Chiorideccly ™" 408 561 454 422 452 412 408 561 451 521
2- -
HCO:") mea 9 188 213 201 189 275 188 275 215 2.99
Bicarbonate(
Carbonate(COgz) melql - - - - - - - - - -
sulphates0:2) ™4 359 250 329 379 355 306 250 379 329 425
SAR - 112 111 85 154 66 119 76 162 - -
Na*% . 580 594 560 690 580 640 - - - -
KI - 119 121 089 194 066 140 - - - -

*EC: Electrical conductivity, TDS: Total dissolved solids, SAR: Sodium adsorption ratio , KI: Kelley ratio, SD:
Standard Deviation

Water Use for Agriculture:

Water quality problems in irrigation include high salinity and excessive toxic elements. High salinity

occurs when salts accumulate in the soil. Water contains high concentrations of certain elements that delay
or even eliminate the growth of some plants, such as total salinity, chlorides, and sodium, which are common
toxic substances.
To better understand the suitability of water for agricultural use, there are important factors that must be
taken into account, including the sodium adsorption ratio (SAR), sodium hazards, and the percentage of
sodium (Na%). Knowledge of water evaluation is very important and has been used to assess the suitability
of water for irrigation to avoid negative effects on soil and plant productivity. Groundwater quality
assessment for agricultural use is based on total dissolved solids (TDS), EC, SAR, and major ion
concentrations, chemical analysis results presented in Table (4) illustrate the values and ranges of the
characteristics included in the assessment and classification of groundwater quality. This data is used to
determine its suitability for agricultural use, as follows:

pH:
The pH values of the wells studied ranged from 6.8 to 7.3, with an average of 7.0, which tends to be
neutral. These values are considered within the permissible limits for agricultural use.

Salinity:

The salinity values of water samples in the Kharayeb Al-Sheikh area ranged from 3.9 to 7.4 dSm-1, with
an average of 5.4 dSm-1 and a standard deviation of 1.44. The salinity in Well No. 4 was the highest among
the wells studied, while the lowest value was in Well No. 6, which is higher than the limits recommended by
the Food and Agriculture Organization of the United Nations (FAO) for water classification [2].
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Total Dissolved Solids (TDS):

The total dissolved solids concentration in water samples from the study area ranged from 2304 to 5920
mg/L, which is higher than the recorded TDS levels, Further investigations revealed average TDS values of
4160 mgL*, which are considered high concentrations obtained in the current study.

Sodium Desorption Ratio (SAR):

The SAR values varied from well to well, with the lowest value being 6.6 in Well 5 and the highest value
being 11.9 in Well 6. According to the American Salinity Laboratory standards [1], the SAR was rated as
"Excellent" to "Good."

Kelly Index (KI):

The Kelly Index has a range of (0.66-1.94). KI > 1 indicates an excess level of Na+ in the water. Therefore,
water with a KI > 1 is recommended for irrigation, while water with a KI > 1 is not recommended for
irrigation due to the risk of alkalinity [22], [23].

Groundwater Evaluation for Irrigation:

It is noted from the results of Table 4 that the electrical conductivity values of the well water in the study
area ranged between 3.9 and 7.4 dSm?, with significant differences between the electrical conductivity values
of these well water. Well No. 6 showed the lowest average for this characteristic, 3.9 dSm, compared to
Well No. 4, which showed the highest average value, 7.4 dSm. Regarding the qualitative effect of the
dominance of positive ions, the following were observed: > Ca*?> Mg*?> K* Na*, As for negative ions, the
following were observed: > SO42> HCO; Cl-. The values of all wells were distributed according to the [1]
diagram to indicate the classification of these groundwater’s and their suitability for agriculture in these arid
regions of the Western Iraqi Desert. Wells 1, 2, and 4 are classified as C5S2 (the use of this water requires
plants that are resistant to salt, excellent drainage, and frequent drainage). and intensive management) i.e.
within the very high salinity and low sodicity, while well No. 3 is within the C5S1 category, while well 5 is
within the C4S1 category, and well 6 is within the C4S2 category. Figure 6 shows the water categories and
the degrees of the determinants for the studied water categories. As for the evaluation of Good and
Permissible. The reason for the low values of the sodium absorption ratios in the well water is due to the
dominance of the concentration of divalent ions of calcium and magnesium over the sodium concentration
in these waters. The presence of calcium and sulfate dominance in the studied water is due to the geological
formations in the region where dolomite, gypsum, limestone and emery rocks are found, and this is consistent
with what was observed by [4] and Alalwany. ,2007[25] In their study of groundwater in the western region
of Irag, which is found within recent sediments, they found that the low concentration of magnesium
compared to the concentration of calcium is due to the slow dissolution of dolomite, in addition to the
widespread presence of limestone in the formations of the region, [26], Figure 5. Predictive distributions of
some characteristics of well water in the study area. that water, based on [2] ,Table 3 and according to the
results of Table 4, those waters showed that all the wells were evaluated from the salinity characteristic within
a specific factor (Severe) as well as TDS, while from the SAR characteristic, all the wells were between(6.6-
15.4) .

Figure 5: Predictive distributions of some well water characteristics in the study area -ArcGIS. 2021. [27]
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Figure 6:USSL diagram for irrigation purposes

Statistical relationship of measured characteristics:

Use the [28] program and get the results listed in Table 5,1t is noted from Table 5 that there is a negative
correlation between pH and EC (-0.909) and TDS (-0.90369). pH was positively correlated with HCO3
(0.71813), potassium, and calcium. EC was positively correlated with TDS, sodium, chloride, magnesium,
sulfate, and, to a lesser extent, calcium. It was negatively correlated with carbonates and potassium.

Table 5 shows the correlation matrix between the characteristics of the well water.

* pH EC TDS  Na* K* Ca?  Mg? CIF HCOsy SO.2
oH - - - 02557 00787 - - o718l -
EC - 0996 0.6275 - 0.2450 0.4965 0.5046 - 0.4846
DS - 0.996 0.6336 - 0.2625 0.5437 0.5537 - 0.5425
Na* -  0.6275 0.6336 - S o 01925 - 0.2043 - 05139
K*  0.2557 - - - - - 0.0494 - - -
Ca? 0.0787 02450 0.2625 0.1925 - o - 0.7398 0.1981 0.5187
Mg*2 - 0.4965 0.5437 - 0.0494 - 0.4338 - 0.5291
Ch - 05046 05537 02043 - 07398 04338 - 05968
HCO 0.7181 - - - - 0.1981 - - - -
S04 - 04846 05425 05139 - 05187 05291 0.5968 - T

At a significance level of 0.05 *
Figure 7 shows the distribution of wells and their characteristics within the BIPLOT model, which
demonstrates that 73.26% of the total variance between wells is due to individual characteristics, Well 1 can
be evaluated based on sulfate ions, Well 2 based on sodium and then calcium. Well 3 is evaluated based on
magnesium ions, while Well 4 is evaluated based on TDS and EC, and to a lesser extent, chloride. Figure 6
also shows that Wells 5 and 6 may be the best wells, as they avoid salinity and sodicity.

PCP biplot (73.26%6)

PC2 (22.05%)

PC-1 (51.2296)

Figure7 : Biplot analysis of properties in six wells

Geochemical Properties:

When interpreting the results based on the geochemical properties of the well water in the study area, as
shown in Figure 8, which is known as the Piper Trainer diagram [29] and used in the geochemical evaluation
of groundwater by [30], it is clear that the tested water, in terms of the main wave ions, is of a quality
dominated by Ca*?, Mg*?, and Na*, In terms of negative ion group, it is HCOs, CI;, and SO4?, with a
predominantly basic characteristic. A visual representation of the average concentrations of the main ions
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was projected onto the diagram, revealing that the water in the wells is of the types that fall under the
dominant hydrochemical facies of groundwater: NaCl type, Mixed CaMgCl type. Figure 7 illustrates the
Piper diagram .

Figure 8: Piper diagram groundwater samples.

Conclusions

The research results demonstrated an understanding of groundwater quality, as well as being a useful tool
in water quality management, analytical tools, and decision-making processes for future agricultural
development in these desert areas.

Laboratory analysis results showed that the water in the study area is classified as highly saline and
moderately sodic, most of which, according to international classifications, are extremely hazardous and
require intensive management if used for agricultural purposes.

The study proposes, in the absence of water management, the transfer of water from the Euphrates River
via water pipelines, estimated at a distance of 18.1 km, to mitigate the negative consequences of this saline
water, which is the primary cause of land degradation and salinization.

Recommendations

Based on the results of this study, we recommend the following:
1. When using these lands, the quality of the water in the study area and its salinity should be taken into
consideration.
2. Develop management methods and modern irrigation technologies to reduce the salinity of this water and
its impact on crop productivity.
3. Conduct further research studies on this important resource, given the drought conditions in these areas.
4. Select appropriate and saline-tolerant crops and trees within the region.
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