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Abstract: Evaluation of water quality leads to facilitating and improving the management of water
resources for various uses. In the present study, the qualitative condition of Salmas aquifer was studied
by some qualitative indices (salinity hazard, SAR, MH,1 ESR,2 RSC,3 Na%, KI,4 PI,5 as well as
quality diagrams and WQI) were used. Finally, Shannon's entropy model was used to mapping
vulnerable areas. According to the results, the trend of water level indicated a downward trend Water
type estimated as Mg-HCO3, with high salinity hazard and MH, along with a good quality in terms of
other indices. According to WQI, the aquifer identified as good quality at 81.3%. Based on the
sensitivity analysis, NDVI, plan curvature and distance from the river showed the greatest impact on
vulnerability. Based on MaxENT model, 23.48% of the aquifers were estimated to have moderate to
very high vulnerability potential. According to the AUROC, the accuracy of estimates was 80% ("very
good" level).

Keywords: AUROC, Hydrogeochemical, MaxENT, Piper, Water Quality Index.

Introduction: Nowadays, the continuous reduction of GWQ?® is considered as one of the main challenges in the
world. In developing countries - especially which located in arid and semi-arid regions - like Iran, the increase in
emerging pollutants, rapid population growth and development activities, have led to increase in water demand.
Due to the complexity of protecting GW resources for future generations, while meeting the needs of many
economic activities, GWQ has become an important issue. Therefore, because the quality of consumed water is
directly related to the quality of life, it is very important to study the quality of GW resources as the main source
of water supply. Water quality assessment leads to facilitating and improving the management of water resources
for various uses. In recent years, the Salmas aquifer has seen a significant increase in water demand due to the
increase in agriculture and the development of orchards, the increase in the extraction of GW resources, climate
changes and etc. In this study, an attempt was made to determine the quality of the Salmas aquifer and mapping
the areas with pollution potential by using Shannon's entropy.

Methodology: To carry out the current research, the data was received from the regional water company of West
Azerbaijan province (RWCWA). Then, some statistical checks were done. In next step, the trend of water level of
Salmas aquifer (from 1975-76 to 2020-2021) were assessed. The hydrograph and quality indices of this aquifer
(salinity hazard, SAR, magnesium hazard, Residual Sodium Carbonate, Na%, Kelly Index, permeability Index, as
well as Piper, Schuler, Durov, Stiff diagrams and WQI) were also calculated (data from 2001 to 2021) by using

! Magnesium Hazard 4 Kelly Index
2 Exchangeable Sodium Ratio 3 Permeability Index
3 Residual Sodium Carbonate ¢ Groundwater Quality
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Excel and AQQA. The environmental layers were also prepared by using ArcGIS 10.8. Finally, Shannon's entropy
model was used in the MaxENT software to map the areas with pollution potential. The results of maximum
entropy were evaluated by ROC curve.

Results and Discussion: According to the results, the general trend of water level changes in Salmas aquifer is
decreasing and the annual average of these changes is 38 cm loss and the average change of aquifer volume is
estimated to be 4.54 mcm! loss. The water type of this aquifer was estimated as Mg-HCOs;, with high salinity
hazard and magnesium hazard, along with a good quality according to PI, KI, Na% ESR and RSC indices.
According to the results of WQI, the groundwater quality of this area was identified as good quality at 81.3%.
Based on the sensitivity analysis of the factors affecting the quality of the Salmas aquifer by using the MaxENT,
NDVI, plan curvature and distance from the river showed the greatest impact and soil texture showed the least
impact on vulnerability. Based on the results of the maximum entropy, 23.48% of the aquifers were estimated to
have moderate to very high vulnerability potential, which includes rangelands, Agri farms, and orchards that are
located on Qg and Qr sediments and have a flat surfaces or low slope with clay and clay-loam texture. According
to the ROC curve, the accuracy of this estimate was 80% and at the "very good" level.

Conclusion: It is recommended to prevent the creation or increase of pollutants (such as the development of
industries, municipal waste disposal, sewage wells, etc.) in areas where the probability of vulnerability is high and
very high. In order to increase the accuracy of the results, must be attention in determining the sampling places
and environmental layers, because the model is trained from what is defined as input (occurrence/presence data)
and determines the prediction algorithm and makes the prediction. It is recommended that this research be
investigated using more detailed information such as nitrate and nitrite, and also with other models.

© 2023 University of Zabol, Zabol, Iran.
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Table 1 Annual average of water level changes in Salmas

aquifer
Average Average
of of
Row Water Water Aquifer
Year Table Volume
Changes Changes
(m) (mm’)
1 54 -0.94 -11.27
2 55 -0.27 -3.2
3 56 0.42 4.98
4 57 -1.14 -13.65
5 58 -0.67 -8.07
6 59 -1.37 -16.38
7 60 0.44 5.22
8 61 -0.59 -7.12
9 62 -0.38 -4.51
10 63 0.53 6.29
11 64 -0.79 -9.49
12 65 0.46 5.46
13 66 0.2 2.37
14 67 1.54 18.39
15 68 -0.18 -2.14
16 69 -0.8 -9.61
17 70 -0.36 -4.27
18 71 0.94 11.27
19 72 0.66 7.95
20 73 0.18 2.14
21 74 -0.24 -2.85
22 75 -1.67 -19.94
23 76 -1.51 -18.04
24 77 -1.34 -16.02
25 78 -1.88 -22.55
26 79 -2.63 -31.45
27 80 -0.96 -11.51
28 81 0.27 -3.19
29 82 -1.46 -17.43
30 83 0.87 10.44
31 84 -0.66 -7.95
32 85 -0.74 -8.86
33 86 -0.13 -1.56
34 87 -1.21 -14.43
35 88 -0.14 -1.68
36 89 1.04 12.49
37 90 -0.45 -5.41
38 91 -1.09 -13
39 92 -0.04 -0.46
40 93 -0.65 -7.78
41 94 -0.96 -11.49
42 95 -0.52 -6.21
43 96 -1.07 -12.81
44 97 -0.8 -9.58
45 98 1.51 18.07
46 99 1.15 13.77
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Fig. 3 The hydrograph of Salmas aquifer
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Fig. 2 Salmas aquifer and sampling well’s location
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Table 2 Quality elements correlation of the Salmas aquifer

TDS pH EC TH So4 Hcos Na Cl K Ca Mg
TDS 1
pH | 0.0106 1
EC 1 0.0106 1
TH 0.7324  0.0505 0.7324 1
So4 | 0.5702 0.0005 0.5702 0.2956 1
Hco3 | 0.0017 0.1035 0.0017 0.0289 0.0333 1
Na 0.8723 0.0003 0.8723 0.3995 0.695 0.0193 1
Cl 0.9555 0.0038 0.9555 0.695 0.4655 0.0334 0.83 1
K 0.2671 0.0202 0.2671 0.1966 0.2229 0.0125 0.2464 0.2233 1
Ca 0.5689 0.0975 0.5689 0.8021 0.2571 0.0068 0.2875 0.552  0.1247 1
Mg 0.6146 0.0091 0.6146 0.8141 0.2218 0.0489 0.3484 0.5711 0.196  0.3797 1
olelos (sl (S polie )bl slagasls ¥ Jgur
Table 3 The statistical parameters in Salmas aquifer
TDS pH EC TH Soy Hcos Na Cl K Ca Mg
Max 6916 8.8 10640 2985 1153.92 10984 12558 31914 782 633.26 341.7
Min 208 6.7 320 85 144 12.2 4.6 3.5 0 8.02 1.2
Ave 776.9 7.7 11952 399.3 98.1 378.1 101.9 150.8  3.96 83.6 46.4
SD 660.2 04 10157 225.7 107.7 107.02 154.6 308.8 4.2 49.5 31.01
WHO Standard 900 8.5 500 500 400 500 200 200 75 50 10
National 2000 9 500 % 400 00 500 600 200 50 12
Standard of Iran
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Table 4 The other quality indices in Salmas aquifer

Index Index value
Water Type Mg-Cl
Salinity Hazard High
SAR 419*10°
ESR 0.404
MH 61.1
RSC 0
Na% 27.93
PI 53.3
KI 0.5
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Table S GWQI values in Salmas aquifer

. Sample . Sample
Water quality WQI number Water quality WQI number
Weak 179.55 41 Well 56.98 1
Well 69.71 42 Well 66.24 2
Well 72.64 43 Well 68 3
Well 61.98 44 Well 68.92 4
Weak 129.04 45 Well 87.99 5
Weak 159.1 46 Well 75.08 6
Well 83.8 47 Well 80.06 7
Weak 111.8 48 Well 74.4 8
Well 69.87 49 Well 73.15 9
Weak 109.7 50 Well 76.3 10
Well 72.1 51 Well 80.83 11
Well 69.95 52 Well 61.62 12
Well 66.93 53 Well 74.7 13
Very Well 43.77 54 Well 82.92 14
Well 79.42 55 Well 50.49 15
Well 62.28 56 Well 94.11 16
Well 56.98 57 Weak 169.55 17
Well 99.7 58 Weak 140.97 18
Well 78.65 59 Well 74.23 19
Well 62.5 60 Well 81.97 20
Well 83.54 61 Well 71.6 21
Well 81.5 62 Weak 107.25 22
Well 72.17 63 Well 88.31 23
Well 75.01 64 Well 81.26 24
Well 72.33 65 Well 82.68 25
Well 79.95 66 Well 64.68 26
Well 74.52 67 Well 84.24 27
Well 66.3 68 Well 105.75 28
Well 84.58 69 Well 122.26 29
Well 67.47 70 Well 42.35 30
Well 51.78 71 Well 72.13 31
Well 65.63 72 Well 62.47 32
Unsuitable 434.65 73 Well 59.12 33
Very Well 49.15 74 Well 53.97 34
Unsuitable 312.54 75 Well 62.87 35
Unsuitable 4225 76 Well 67.85 36
Unsuitable 407.17 77 Well 55.78 37
Weak 125.6 78 Weak 159.58 38
Unsuitable 614.8 79 Well 68.48 39
Well 61.7 40
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Fig. 12 Sensitivity analysis of environmental layers in Fig. 11 Spatial distribution of GWQI in Salmas aquifer
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Fig. 13 MRC diagrams of Salmas aquifer
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Fig. 14 Areas with pollution potential by maximum entropy (up: model prediction map; down: reclassified map) analysis of
environmental layers in Salmas aquifer
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Table 6 The area of vulnerability classes
based on the maximum entropy method

5 Medium
B High
2B veryHigh
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(Km?)
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16.77 66.12 Medium
5.37 21.15 High
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Fig. 15 The Spatial distribution of vulnerability in Salmas aquifer and Google Earth image for better visibility
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Fig. 16 The ROC curve of the predictions of vulnerable
areas based on the maximum entropy method
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