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ABSTRACT

The main objective of this study is to map of the groundwater quality irrigation index
(IWQI) in the western part of Iraq for the purpose of determining ideal locations for
groundwater quality, to meet the demand for water in the future. To achieve this purpose, 84
wells distributed in the study area have been sampled. The collected samples analyzed
chemically for varies parameters that affect to the irrigation water quality. These chemical

parameters are Electrical Conductivity (EC), Na', CI, HCO; and calculated sodium
adsorption ratio (SAR). These chemical analyses have been transferred to the platform of
geographic information systems (GIS) to create water quality database including spatial
distributions map for each parameter using the inverse distance interpolation technique
(IDW). These parameters were used to calculate the values of Irrigation Water Quality Index
that have been moved to the platform of GIS for the production of IWQI map. The results
show that small part of the study area belong to Low Restriction (LR) categories for
irrigation water and about 50% of the groundwater samples belong to Moderate Restriction
(MR) category. The results also showed that 28% of the groundwater covering 39 Km? falls
within the High restriction (HR) category while 20% of studied water samples classified as
Sever Restriction (SR). Accordingly, this groundwater is only suitable to use with high
permeability soils, which have the ability to tolerate high content of salts.
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INTRODUCTION

Recently the increasing population growth in the western part of Iraq in an unplanned
way that is invited to think about decisions related to water management. In this region, there
is a largely untapped area and the amount of the rainfall is insufficient and most of their parts
far from the river, so it is necessary to use different integration techniques to determine the
ideal sites for groundwater prospect and assessing the suitability of groundwater for irrigation
purpose. Researchers at the United States Salinity Laboratory (USSL) (1954) and Wilcox
(1955) established the standards diagrams for irrigation water. In recent years many
researchers like Simsek and Gunduz (2007), Jeromel and Pius (2010) and Rokbani et al.
(2011) used the irrigation water quality index (IWQI) as a management tool for groundwater
quality. In 2010 Meireles et al., has develop the irrigation water quality index (IWQI) model
to classify the water quality for irrigation in the Acarau Basin, northern Carar state, Brazil. In
this study chemical parameters such as EC, Mg?*, Na*, K*, CI, HCO3 and SAR® have been
used for assessment of groundwater quality to develop a water quality index (WQI) model
that reflects soil salinity and sodicity risks and water toxicity to plants. The results observed
in this study showed that there is a limited use of water for irrigation purposes on the western
side of the studied basin. In the present study, this model has been used to evaluate the quality
of irrigation waters in the western part of Irag. Various workers have applied integrated IWQI
with GIS technique to assess the water quality for irrigation use. Omran and Marwa (2015)
has assessed the drainage water for irrigation using Irrigation Water Quality Index (IWQI)
and integrated this index with GIS technique. This study shows that this method can help the
maker decision to understand the status of the drainage water quality by summarizing the
observation data or showed the spatial distribution of the quality index. Al-Mussawi (2014)
and Rasul and Waged (2015) have also shown that this method could provide an efficient tool
to understand the status of the groundwater quality; and to have the opportunity for better use
of this water in future.

The present study has been undertaken with the objective to assess the suitability of
groundwater quality for irrigation purposes in the western part of Iraq using IWQI and
ArcGIS software to show the spatial distribution of this index.

The study area is equivalent to one-third of the area of Iraq, bounded by latitudes
30° 30" 00" to 35° 00" 00" North and longitude 38° 55' 00" to 44° 10' 00" East (Figure 1).
According to the census of 2014 the population is about 1, 000, 600 most of whom live in the
urban areas. Historically, the region was known as the "Brigade of Dulaimi”.

Studying geological formations within the area is of great importance because of their
impact on the hydraulic characteristics of the aquifer, where water is stored or transported
vertically or horizontally through these formations in addition to their impact on the aquifer
geometry and the chemistry of groundwater system for these reservoirs (Tariq, 2015).
Physiographically the study area is located within the two main zones in Irag, namely the
Western Desert and Aljazera Zones, so it has different geological formations extending from
an "Early Permian to the Holocene age as shown in Table (1) and Figure (2).
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Fig.1: Location map of the study area and the selected wells
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Fig.2: Geological map of the study area (After Bayan, 2010)

Table (1) shows the geological formations in the study area including: Mulussa, Zor
Horan, Ubaid, Hussainiyat, Amij, Muhaiwir, Najmah, Nahr Umr — Muddud, Rutba — Msad,
Hartha — Tayarat, Marbat/ Digma, Umm Er Radhuma, Dammam, Sheikh Alas, Baba, Anah,
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Ghar, Euphrates, Fatha and Injana Formations (Sissakian et al., 2007). Also it is noted that the
Tertiary deposits includes sandy gravel/ Horan, Habbariya and Quaternary deposits include

alluvial sediment terraces and valleys (Sissakian et al., 2007).

Table 1: Geological Formations in the study area (Bayan, 2010)

Era Period Age Formation Descriptions
Holocene — . Alluvial sediments, valley and
QUENEITER Pleistocene Recent deposits depression fills, etc.
. Sandy gravel/ Horan,
Pleistocene Habbariya, Mesopotamia Sandy gravel, Conglomerate
Mio-Pleistocene Zahra Fn. Limestone, Sandy, Limestone
® U. Miocene Injana Fn. Interbedded of clay stones and
S Sandstones
= —
o g M. Miocene Fatha En. Gypsum and Anhydrite, limestone
S marl and clay
o > e .
= I L Miocene Euphrates Fn. Fossnlfe_rous, chalky, limestone,
O £ Dolomitic
i L. Miocene Ghar Fn. Sandstone and Calcareous Sandstone
U. Oligocene Anah Fn. Fossiliferous, Coralline limestone
o |M—U. Oligocene Baba Fn. Hard limestone and Dolomite
é L. Oligocene Shurau/ Sheikh Alas Fns. | Carbonates
2 Eocene Ratga/ Dammam Fs. D_olomlte. Dolomite limestone,
s Limestone
Paleocene Akashat/ Um Ur Radhuma | Phosphates Limestone/ Dolostone,
Fns. Dolomite
U. Cretaceous Marbat/ Digma Fns. Sandy limestone interbedded with
pebbly sandstone
Dolomitic limestone, silty clay
Cretaceous U. Cretaceous Hartha — Tayarat Fns. sandstone
U. Cretaceous Rutba — Msad Fns. Dolomite — sandstones
o L. Cretaceous Nahr Umr — Muddud Silt, Marl, Dolostone, Limestone
§ U. Jurassic Najmah Fn. S_andstone Jlimestone, Marl, Marly
2 limestone
%’ M. Jurassic Muhaiwir Fn. Marl, sandstones, carbonate
Jurassic L — M. Jurassic Amij — Hussainiyat Fns. Claystpnes, sandstones, Iron Ore and
dolomite
L Jurassic Ubaid En. D_olomlte, Gypsious, Marl, Dolomitic
Limestone
U. Triassic Zor Horan En. Marl, Marly limestone, Dolostone,
Triassic Gypsum, Marl
L . Limestone, Dolomite limestone and
o U. Triassic Mulussa Fn.
N Dolostone
< . Interbedded of clay stones and
© o
¥ Permo-Carboniferous Gaara Fn. Sandstone

Three types of aquifers have been observed in the study area such as confined,
unconfined and mixed aquifer namely Umm Er Radhuma, Muhaiwir, Mulussa, Euphrates,
Fatha, Gaara, Anah and Dammam (Bayan, 2010). Table 2 shows all types of aquifers and
their names distributed in the wells of the study area. The spatial distribution of water table
elevation map above Mean Sea Level (AMSL) has been prepared (Figure 3). As shown in
Figure 3 the flow direction generally is from SW to NE which indicates that the western part
of the study area acts as the recharge area to the aquifers.
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Fig.3: Groundwater table elevation contour (AMSL) map showing
groundwater flow direction in the study area

Table 2: Aquifers type and name distributed over wells in the study area

Well No. Aquifer type Aquifer name

1,2,3,4,25, 26,27, 28, 29, 30, 31, 32, 41, 57, unconfined Umm Er Radhuma

85, 60

5,6,7,8,9, 10,11 unconfined Muhaiwir

12, 13,72, 79, 80 unconfined Mulussa

14,15, 16, 17, 18, 19, 38, 39, 40, 54, 55, 56, 67,  unconfined Euphrates

68, 69, 70, 71,73, 78, 80

20, 21, 22, 23, 24, 45, 46, 47, 48, 49, 50, 51, 52,  confined Fatha

53, 61, 62, 63, 64, 65, 66, 74

33 unconfined Ga'ara

34, 35, 36, 37 mixed Euphrates + Umm Er Radhuma

42,43,75,76, 77,81, 84 unconfined Anah

44,59, 83 mixed Dammam + Anah
METHODOLOGY

= Sampling and Laboratory work

Forty eight water samples were collected and analyzed by the General Company for
Drilling Wells (Al-anbar Branch) during April, 2010. Cations and anions in addition to other
physical parameters such as PH, Total Dissolve Soiled (TDS) and Electrical conductivity
(EC) have been measured in all water samples collected. Conductivity, TDS and pH meter has
been used for measuring the EC, TDS and pH respectively. Cations (Ca*?, Na*, and K*) have
been analyzed by flame photometer, Mg*? in EDTA titration method, HCOs? and CI
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analyzed by H,SO, and AgNQOs titration method, respectively. The measured values of the
chemical parameters are summarized in Table (3).

Table 3: Chemical analysis of groundwater samples in the study area
(Units in meq. It except EC in (pus/cm) and TDS in ppm)

V,L’g" Ph EC TDS K' Na* Mg? ca? CI SO2 HCO; SAR RD
1 72 871 650 003 370 246 270 549 292 036 230 0.5
> 73 716 533 002 274 164 200 369 258 030 203 -131
3 72 741 55 002 313 197 215 400 267 031 218 205
4 72 873 660 003 383 254 275 561 298 036 235 113
5 73 1514 1053 003 400 164 450 507 438 107 228  -167
6 72 250 1752 006 991 410 800 817 1038 295 403 133
7 71 2910 2012 013 1217 607 940 1149 1219 405 438 007
8 7.1 2990 2064 018 1348 697 1025 1296 1333 436 459  0.36
O 71 3004 2123 020 1370 713 1035 1332 1346 441 463 030
10 71 2080 2057 015 1296 656 990 1268 1271 418 452 0.0
11 71 3002 2121 020 1365 7.3 1030 1330 1344 439 462 026
12 71 2000 2064 018 1348 697 1025 1296 1333 436 459 036
13 72 2700 1868 0.0 1113 533 900 961 1200 367 416 056
14 71 2890 2000 012 11.30 574 925 1020 1208 400 413 024
15 71 3008 2125 021 1374 721 1040 1338 1350 443 463 041
16 71 2970 2051 014 1261 639 970 1220 1233 410 444 038
17 71 3230 2330 020 1383 7.3 1050 1400 1300 426 466 063
18 71 4690 3312 059 2000 1066 1425 1961 1900 672 567 0.8
19 72 2600 1862 008 1078 492 875 958 1167 361 412  -0.65
20 72 5460 3994 051 1870 1230 1200 1600 2029 721 536  0.00
21 72 4240 3114 051 1826 984 1350 1800 17.50 651 535  0.12
20 72 5740 4173 064 2022 1393 1325 1800 2200 770 548 035
23 72 3400 2426 031 1522 836 1175 1561 1500 467 480 050
24 73 668 473 002 217 08 150 262 152 025 202 138
25 72 2430 1691 005 1065 410 800 845 1081 339 433 031
26 74 2270 1608 049 1587 869 7.65 1431 1640 166 555 051
27 71 2660 1858 054 1339 492 690 620 1292 608 551 110
28 73 1788 1269 028 596 7.30 640 701 1158 100 228 0.5
29 77 1940 1397 023 730 672 585 876 950 131 291 135
30 75 770 590 003 217 197 200 273 177 193 154 -2.15
31 78 1209 899 031 1104 139 200 532 648 328 848 -113
3 72 1016 850 003 604 221 250 515 435 111 394 074
33 73 1298 965 003 661 254 285 577 502 116 403  0.30
34 72 3990 2922 03 1561 902 1055 1282 1804 402 499 061
35 74 3880 2858 015 1078 1393 1345 1242 2138 426 291 034
36 7.3 4200 3038 053 1939 1148 1500 17.30 2458 428 533  0.26
37 72 3550 2310 0.4 17.83 7.22 905 1400 1365 598 625  0.89
38 72 2070 2136 036 1861 303 345 1017 1067 439 1034 0.43
39 74 3230 2465 012 1400 721 935 932 1423 723 486  -0.17
40 78 3630 2474 018 1839 1049 855 1558 1644 475 596 114
41 73 820 613 002 222 205 210 262 181 205 154 -0.71
42 76 4520 3342 251 2213 1148 1580 1927 2460 774 599 0.9
43 77 3560 2647 015 1065 1352 1325 1239 2123 426 291  -0.40
44 73 3940 2871 041 1700 1057 1350 1552 2067 402 490 157
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Continue Table 3:

V,L’g" Ph EC TDS K' Na* Mg? cCa? CI SO2 HCO; SAR RD

45 73 3700 2898 043 18.61 10.08 13.80 16.59 22.08 4.07 5.39 0.22
46 73 3300 2362 0.18 1596 7.79 730 1315 1419 5.74 581  -2.89
47 7.3 4190 2980 212 17.83 10.74 13.00 1552 20.83 7.34 517  -0.01
48 7.4 4190 2975 217 1774 11.07 1290 1558 2081 7.30 5.12 0.22
49 71 3430 2645 0.05 1470 8.69 10.40 14.08 15.63 7.38 476  -4.58
50 74 3180 2335 0.08 16.30 852 11.15 1831 16.02 5.07 5.20  -4.43
51 72 2870 2034 041 1848 311 3.60 10.14 10.73 4.34 10.08 0.76
52 7.8 3380 2400 0.08 16.22 852 11.25 1493 16.10 5.05 5.16  -0.02
53 7.2 6650 4706 1.28 26.00 14.02 1740 19.41 31.90 8.38 6.56 -0.83
54 7.2 1610 1100 0.13 343 557 4.45 4.79 7.52 0.79 1.53 1.84
55 7.2 3150 2300 0.10 826 7.87 8.00 482 16.63 1.66 2.93 2.40
56 7.2 4050 2940 0.20 1839 811 10.40 13.46 16.08 7.39 6.04 0.23
57 72 1373 989 006 639 254 2.90 521 4.81 1.07 3.87 3.51
58 74 1729 1200 033 13.26 6.07 9.00 1239 17.73 1.49 483  -4.90
59 71 3720 2700 013 1587 8.03 7.00 1318 14.15 5.75 579  -3.20
60 73 1802 1280 041 1478 6.72 6.60 1310 14.10 1.51 573 -0.35
61 7.8 4000 2810 0.18 1543 7.70 10.40 16.87 14.19 2.62 5.13 0.05
62 7.4 2930 2275 0.26 12.83 10.90 1240 19.49 14.79 2.05 3.76 0.07
63 7.2 2460 2074 0.15 1043 9.02 11.00 19.01 9.58 1.72 3.30 0.47
64 73 2600 2164 0.18 1130 9.67 11.25 18.00 12.29 1.89 3.50 0.35
65 74 2600 2165 018 11.30 9.67 11.25 18.00 12.29 1.89 3.50 0.35
66 7.2 5420 3868 051 1522 1230 1200 20.70 12.79 5.30 4.37 1.56
67 74 2940 2582 033 1413 1230 1325 2042 17.71 2.18 395 -0.38
68 74 3510 2646 0.20 10.87 1148 15.00 19.01 19.42 0.85 299  -2.26
69 74 3050 2252 0.05 1174 6.15 8.50 1352 10.94 2.30 434  -0.59
70 73 3610 2710 0.23 13.04 1213 1525 20.28 19.63 1.02 353 -0.33
71 79 2960 2494 0.13 2087 6.31 7.75 1251 20.00 2.51 7.87 0.06
72 71 913 784 0.00 148 164 3.25 4.79 1.56 0.66 095 -4.76
73 72 3770 2712 036 11.39 1311 10.00 13.80 17.60 3.48 335 -0.03
74 78 5680 3750 031 2696 1459 1450 23.10 22.08 6.00 7.07 481
75 71 4790 3365 0.06 16.65 1525 1580 19.58 26.77 1.13 4.23 0.29
76 7.1 3470 2621 022 10.22 1516 1415 1896 18.44 3.16 267 -1.01
77 79 2870 2536 0.13 2087 6.15 8.00 1248 19.79 2.70 7.85 0.24
78 78 3630 2723 018 1839 1025 855 1642 1581 4.75 6.00 0.51
79 71 925 692 020 139 148 3.50 1.69 4.10 0.82 0.88 -0.32
80 73 812 619 028 209 230 4.10 2.06 5.25 1.05 1.17 2.38
81 7.9 5910 3862 059 2430 1484 1715 37.01 14.10 6.00 6.08 -0.21
82 72 815 625 028 213 238 4.20 211 5.29 1.05 1.17 3.07
83 78 3440 2266 038 730 1459 13.00 11.89 19.00 4.10 1.97 0.42
84 7.7 3100 2384 015 18.00 7.13 9.20 14.08 14.90 3.70 6.30 2.68

= Accuracy of analysis

Mazur in 1990 method has been used in the present study to calculate the accuracy of
chemical analysis through the relative difference account (R.D) using the following equation
in order to measure the validity of the results of hydrochemical analyzes.

RD=(3C—FA)/(SC+FAY*10 ..oooveeoireeiieeeenee, 1
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Where, (3>.C) and (3.A) is the summation of the concentrations of cations and anion
respectively. If the value of R.D is less than 5% the accuracy of the analysis is very high and
if it is between 5% -10% are medium and, if it is greater than 10% it will not be relied upon in
the chemical changes. When using the R.D method of analysis in the present study, it is clear
that the tests are accurate and can be relied upon in analyzes in hydrochemical changes
(Table 3).

= JWQI Calculation

The physiochemical parameters of (EC), (Na+), (CI), (HCO3) and Sodium Absorption
Ratio (SAR) are the most convenient parameters to the irrigation use. The sodium adsorption

ratio (SAR) has been calculated based on concentration of Ca,*, Mgz+, Na', K" in milli
equivalent unite using the following equation (Fipps, 2003).

SAR =Na'/ [(Ca™ + Mg™ )V 21%° oo, 2

These parameters have been selected to calculate the water quality index (IWQI) model

developed by (Meireles et al., 2010) which is includes three steps:

1- Identify the most useful convenient parameters to the irrigation use which have mentioned
in the above section.

2- A definition of quality of the parameter (g;) measurement values and aggregation weights
(w;) which has been presented in Table 4 and Table 5.

3- Calculation of Qi using the following equation depending on the tolerance limits shown in
Table (5) which have been planned by the "California University Committee of
Consultants — UCCC" and by the criteria recognized by (Ayers and Westcot, 1999):

Qi = qimax = [(X” - me) * q|amp)/ Xamp] ............................ 3

Where gimax IS the maximal value of qi for the category; x;; is the parameter spotted value; Xint
is the value that corresponding to the minimal limit of the category to each parameter belongs;
Qiamp 1S the category amplitude; Xamp IS the category ampleness to each parameter belong".

The uppermost limit Xamp, Of the last category of each parameter, was sighted as the
highest value obtained in the chemical analysis of water samples. Finally, the IWQI was
calculated using the following equation:

The values of weight (w;) of the each chemical parameter used in the irrigation water
quality index has been suggested by Meireles et al. (2010) as specified in Table (4).
According to Meireles (2010), limitations to the used water classes were proposed after
computing the total index value as presented in Table (6). The values of IWQI for suitability
of water for irrigation categories have been divided into five categories varying from
(0 to 100) and it is none dimensional parameter. The categories are divided depending on the
proposed groundwater quality index that is set by the existing groundwater quality indices. It
has been defined on the basis of the salinity hazard problems, soil water infiltration lowering,
as well as toxicity to plants as noticed in the classifications or categorizations suggested by
Bernardo (1995) and Holanda and Amorim (1997).
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Table 4: Weights for the IWQI parameters according to (Meireles et al., 2010)

Weight (wi) Parametre
0.211 EC
0.204 Na**
0.202 HCO;
0.194 CI
0.189 SAR

1.0 Total

Table 5: Parameter limiting values for quality measurements (qi) calculations
(Ayers and Westcot, 1999)

HCO; | c | Na SAR
(mea/l) (meg/1)2 26 (st i
1<HCO;< 1.5 1<Cl<4 | 2<Na<3 2<SAR<3 200<EC <750 85 -100
15<HCO3<45| 4<Cl<7 | 3<Na<6 3<SAR<6 750 <EC < 1500 60 — 85
4.5<HCO3<85 | 7<Cl<10 | 6<Na<9 | 6<SAR<12 | 1500 <EC <3000 35-60
HCOs;<1or Na<2or EC <200 or
<Cl> < > _
HCO,>85 | 1<C1210 | "Naso [ 2SSARZ12 1 ke 3000 0-35
Table 6: Water Quality Index Characteristics (Meireles et al., 2010)
Recommendation _ Watfar use IWOI
Plant Soil restrictions
May be used for the majority of soils with low
L probability of causing salinity and sodicity problems, No
No tox'cmiarr']i: for most being recommended leaching within irrigation | restriction | 85-—100
P practices, except for in soils with extremely low (NR)
permeability
Recommended for use in irrigated soils with light
texture  or  moderate  permeability,  being Low
Avoid salt sensitive plants | recommended salt leaching. Soil sodicity in heavy | restriction 70-85
texture soils may occur, being recommended to avoid (LR)
its use in soils with high clay
Plants with moderate | May be used in soils with moderate to high | Moderate
tolerance to salts may be | permeability values, being suggested moderate | restriction 55-70
grown leaching of salts (MR)
Should be used for
irrigation of plants W'th May be used in soils with high permeability without
moderate to high | Hiah
tolerance to salts with co_mpact ayers. 1gn
special _salinity control High frequency irrigation schedule should be adopted | restriction 40 -55
PeCt: y for water with EC above 2000 uS cm™ and SAR (HR)
practices, except water above 7.0
with low Na, CI and '
HCOj; values
Should be avoided its use for irrigation under normal
Only plants with high | conditions. In special cases, may be used
salt tolerance, except for | occasionally. Water with low salt levels and high Severe
waters with extremely | SAR require gypsum application. In high saline | restriction 0-40
low values of Na, Cl and | content water soils must have high permeability, and (SR)
HCO; excess water should be applied to avoid salt
accumulation
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RESULT AND DISCUSSION
Establishing water quality database has been carried out in the present study using 84
groundwater samples from the study area. The database which has been created includes

measurement of chemical parameters such as pH, TDS, EC, Ca,*", Mgz+, Na', K, CI, SO42-,
HCO3™ and SAR as presented in Table (2). It has been observed that the predominant cation
trend in the study area is Na* > Ca™ > Mg*™> K* and predominant anions is SO, > CI" >
HCOs.

= Assessment of Irrigation Water Quality Index

According to Ayers and westcot (1985), there are four main groups of the restrictions that
are related to assess the quality of irrigation water.

1. Concentration of total soluble salts (Salinity hazard)

2. Proportion of the relative sodium to the other cations (Sodium hazard )

3. Bicarbonate and values of pH (Diverse effect)

4. Chloride and sodium toxicity

The suitability of irrigation water and the probability of plant toxicity can be defined by
combinations of these materials or substances (Fipps, 2003).

— Concentration of Total Soluble Salts (Salinity Hazard): The spatial distribution map of
measured electrical conductivity (EC) has been prepared as shown in Figure 4. It can be noted
that (EC) values ranging from 625 puS/cm to 6654 uS/cm. As electrical conductivity is a good
measurement of salinity hazard it can be that the agricultural fields in central and western of
the study area have the best quality irrigation water. It may be concluded that the values of EC
decrease with the aquifer's depth and increase with groundwater flow direction.
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Fig.4: Spatial distribution map of (EC) in the study area
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— Proportion of the relative sodium to the other cations (Sodium Hazard): Sodium
Hazard is expressed as (SAR) Sodium Absorption Ratio which has been obtained from the
equation number 2. The SAR values vary from 0.9 to 10.3 increasing from the SW to NE
following the general movement of the groundwater flow direction as shown in Figure (5).
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Fig.5: Spatial distribution map of the SAR value

— Chloride and Sodium Toxicity: Sodium and chloride ions are defining the specific ion
toxicity. The Sodium (Na*), of the spatial distributions map, shows that the concentration of
Na* varies from 1.4 to 26.9 (megq/l), Figures (6). The other parameter defining the specific ion
toxicity is chloride concentration which ranges from 1.69 to 37.01 (meg/l) in the study area.
Figure 7 shows the spatial distribution map of CI" concentrations which are observed to be
relatively high in all water samples as compared with good irrigation water quality values. It
is clearly increasing from the SW to the NE following the general trend of the groundwater
flow direction

— Miscellaneous effects: There are additional parameters that must be carefully evaluated in
the water of irrigation which add to the hazards and effects discussed in the above sections. It
includes the pH values of the water and bicarbonate ion concentrations which are considered
within the range of the miscellaneous effects of sensitive crops. The (pH) values of the well
water samples for all the sites found to range from 7.08 to 7.91 with a main of 7.3. Spatial
distribution map of the (pH) values is prepared as shown in Figure (8). The optional value of
(pH) for irrigation water ranges from 6.5 to 8.4 (Ayres and Westcot, 1994). Accordingly all
groundwater samples are within this range.
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Fig.6: Spatial distribution map of the Sodium ion concentration
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Fig.7: Spatial distribution map of the chloride ion
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Fig.8: Spatial distribution map of the pH value

The bicarbonate ions (HCO3) is responsible for charging the high (pH) values to more
than 8.5 and, therefore, is the main component of alkalinity in the water (Omran and Marwa,
2015). The high level of carbonates helping magnesium and calcium ions to leave the sodium
ion is dominant and form of insoluble minerals in the solution (Simsek and Gunduz, 2007).
Accordingly, it is considered indirectly responsible in charge of the high concentrations of
sodium and the hazard caused on the soil and irrigated crops (Spandana et al., 2013). In
general, the ideal bicarbonate concentration values for irrigation are less than 90 mg/l (Ayers
and Westcot, 1985). Spatial distribution map of the bicarbonate concentration values has been
generated as presented in Figure (9). It has been clearly observed that the concentration of
bicarbonate ion is relatively low in central part of the study area and it increases towards the
north-east following the general movement of the groundwater flow direction.

= Generation of Irrigation Water Quality Index (IWQI) map

Irrigation water quality index (IWQI) map has been produced according to IWQI values
which were calculated by using equation (4). It can be considered as a general suited map for
providing information and observation data visually about irrigation water in the study area
represented by the spatial distribution of the index of the water quality for irrigation. As the
map shows the spatial distribution of the quality of the groundwater in the study area as index
values, so it is now easy for decision-makers to assess the quality of groundwater for
irrigation purposes. Figure 10 shows the spatial distribution of the IWQI in the study area. It
Is interesting to note that the IWQI in the central part of the study area represent 50% of the
groundwater samples has moderate restriction irrigation water. Small part of study area is
classified as low restriction for using of irrigation water. Towards the northeast of the study
area 28% of groundwater becomes highly restricted covering 39 km? and about 20% severely
restricted for irrigation.
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Fig.10: Irrigation water quality index (IWQI) map
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CONCLUSION

It is concluded from the analysis of the irrigation water quality index map that the
groundwater in the study area becomes more suitable for irrigation purposes in the central part
and towards the south-west.

REFERENCES

Al-Mussawi, W.H., 2014. Assessment of Groundwater Quality in UMM ER Radhuma Aquifer (Iragi Western
Desert) by Integration Between Irrigation Water Quality Index and GIS Journal of Babylon University/
Engineering Sciences, Vol.22, No.1, p. 201 — 217.

Avyers, R.S. and Westcot, D.W., 1985. Water quality for agriculture, Irrigation and Drainage paper No.29, Rev.I,
U.N. FAO, Rome.

Ayres, R.S. and Westcot, D.W., 1994. Water quality for agriculture, Irrigation and Drainage paper No.29, FAO,
Rome, Italy.

Bayan, M.H., 2010. Hydrogiologic Conditions within Al-Anbar Governorate. Journal of University of Anbar for
pure science, Vol.4, No.3, p. 1 - 15.

Bernardo, S., 1995. Manual of Irrigation. (4‘hed.), Vicosa: UFV, 488pp.

Fipps, G., 2003. Irrigation Water Quality Standards and Salinity Management, Fact Sheet B-1667, Texas
Cooperative Extension. The Texas A and M University System, College Stations, TX.

Holanda, J.S., and Amorim, J.A., 1997. Management and control salinity and irrigated agriculture water In:
Congresso Brasileiro de Engenharia setting, 26, Campina Grande, p. 137 — 169.

Jerome, C. and Pius, A., 2010. Evaluation of Water Quality Index and its Impact on the Quality of Life in an
Industrial Area in Bangalore, South India. American Journal of Scientific and Industrial Research, Vol.1,
No.3, p. 595 — 603.

Mazor, M., 1990. Applied Chemical and Isotopic Groundwater hydrology, New York, 274pp.

Meireles, A., Andrade E.M., Chaves L., Frischkorn, H. and Crisostomo, L.A., 2010. A New Proposal of the
Classification of Irrigation Water, Revista Ciencia Agronomica, VVol.41, No.3, p. 349 — 357.

Omran, 1., and Marwa F., 2015. Evaluation of Drainage Water Quality for Irrigation by Integration between
Irrigation Water Quality Index and GIS. International Journal of Technical Research and Applications,
Vol.3, No.4, p. 24 — 32.

USSL Staff., 1954. Diagnosis and improvement of saline and alkali soils. USDA Agr Handbook No.60,
Washington DC.

Rasul, m. and waqged, h., 2015. Evaluation of Irrigation Water Quality Index (IWQI) for Al-Dammam Confined
Aquifer in the West and Southwest of Karbala City, Irag. International Journal of Civil Engineering
(CE), Vol.2, Issue 3, July 2013, 21 — 34

Rokbani, M.K., Gueddari, N. and Bouhlila, R., 2011. Use of Geographical Information System and Water
Quality Index to Assess Groundwater Quality in El Khairat Deep Aquifer (Enfidha, Tunisian Sahel),
Iranica Journal of Energy and Environment Vol.2, No.2 , p. 133 — 144,

Simsek, C., and Gunduz, O., 2007. IWQ index: A GIS integrated technique to assess irrigation water quality,
Environmental Monitoring and Assessment, VVol.128, p. 277 — 300.

Sissakian, V.K. and Mohammed, B., 2007. Stratigraphy of Iragi Western Desert. Iragi Bull. Geol. Min. Special
Issue, No.1, p. 51— 124,

Spandana, M.P., Suresh, K.R. and Prathima, B., 2013. Developing an Irrigation Water Quality Index for
Vrishabavathi Command Area, International Journal of Engineering Research & Technology (IJERT),
Vol.2, No.6, p. 821 — 830.

Tarig, A., 2015. Simulation Model of Groundwater within Umm Er Radhuma Formation in Anbar Province/
Western Irag. Irag Scientific Journals, VVol.56, No.4b, p. 3188 — 3515.

Wilcox, L.V., 1955. Classification and use of irrigation water. U.S.A Dept. Ag. Circ. 696, Washington DC.

19pp.

41


http://www.iasj.net/iasj?func=issues&jId=23&uiLanguage=ar

Assesing the Groundwater Suitability for Irrigation in Western Irag Mufid S. Al-Hadithi

About the author

Dr. Mufid Sadie A.G Al-Hadithi, Assistant professor at the Middle
Technical University, Technical Institute of Al-Anbar. B.Sc. degree in
Geology from the Hashemite Kingdom of Jordan, Yarmouk University in
1991. M.Sc. degree in Sedimentology from the same university in 1995.
Ph.D. degree in hydrology from the State of India, Indian Institute of
Technology, Roorkee in 2005, Specialized in the Remote Sensing and
Geographic Information Systems. Occupied many positions in the Middle
Technical University, recently Dean of the technical Institute of Anbar and
is still working in the same university. He has more than 20 publications,
five of which in international journals of high impact factor.

e-mail: mufidalhadithi@yahoo.com

42


mailto:mufidalhadithi@yahoo.com

