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 The significant reduction of surface water resources and recent recurrent 

droughts have increased the reliance on groundwater sources, leading to a 

decline in their quality. In this study, 28 samples of well water from 

different locations in Khanmirza, Lordegan, Borujen, Ardal and Kiar were 

collected in 2020-2021 and underwent chemical analysis in the laboratory. 

To evaluate the quality of the samples for use in agricultural, drinking and 

industrial sectors, the Wilcox diagram, Schuler diagram and Langlier index 

were used. Using interpolation methods, the chemical properties of the 

samples taken within the study area were examined and qualitative zoning 

maps were prepared using Kriging and inverse distance weighting methods. 

The results showed that according to the Wilcox diagram, most of the 

samples are within the range of C2S1 and are suitable for agricultural 

purposes. According to the Schuler diagram, these samples are within the 

range of good quality for drinking and based on the Langlier index, they are 

within the range of precipitating and consumable. This study helps 

decision-makers to have a clear view and plan comprehensively and 

effectively for the exploitation and preservation of groundwater resources, 

taking into account the qualitative maps of groundwater. 

Keywords:  
Drought 

Groundwater 

Inverse Distance Weighting 

Kriging 

 

*Corresponding author:  
m.khoshravesh@sanru.ac.ir   

 

 

© Authors, Published by Environment and Water Engineering journal. This is an open-access 

article distributed under the CC BY (license http://creativecommons.org/licenses/by/4.0/). 

   

Introduction  
Groundwater is considered an essential and 

important part of the renewable water ecosystem, 

and compared to surface water, it has various 

advantages, such as higher quality and lower 

levels of pollution. Groundwater is occasionally 

accessible in arid and semi-arid areas with very 

little surface water. However, the increase in 

population growth and water demand, the rise in 

standards of living, and the pollution of water 

resources due to the discharge of urban, 

industrial, and agricultural sewage and surface 

runoff have created an unfavorable 
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environmental situation and intensified water 

resource pollution. It has become very 

challenging to achieve rational management and 

logical decision-making regarding the quality of 

water used in various sectors, including industry, 

drinking and agriculture. The industrial sector is 

a fundamental element in the development and 

improvement of both product quality and societal 

health. 

The lack of awareness regarding the quality of 

groundwater can lead to issues in managing 

water resources that could affect the health of 

people and hinder development in various 

regions. Thus, it is crucial to have knowledge of 

groundwater quality, its fluctuations, and to 

exercise control over it. Given the recent decline 

in rainfall, intermittent droughts, significant 

drops in groundwater levels in Lordegan and 

Borujen plains, and the increasing use of 

groundwater, assessing its quality is vital. 

Therefore, the objective of this study is to 

evaluate the quality of groundwater for 

agricultural, drinking, and industrial purposes in 

Khanmirza, Lordegan, Borujen, Ardal, and Kiar 

cities of Chahar Mahal and Bakhtiari provinces. 

Material and Methods 
The province of Chaharmahal and Bakhtiari, 

with an area of 16532 km2, is situated between 

31° 9´ to 32° 48´ north latitude and 49° 28´ to 

51° 25´ east longitude. This province lies in the 

central part of the Zagros mountains, between the 

foothills of the Darn and Isfahan provinces. It is 

bordered by Isfahan province to the north and 

east, Khuzestan province to the west, Kahgiluyeh 

and Boyer Ahmad to the south, and Lorestan 

province to the northwest. This province is a 

mountainous region along the Zagros Mountain 

range that stretches from the northwest to the 

southeast. According to the Amberje method, the 

climate of the studied area varies from dry and 

cold in Borujen, Ardal, and Kiyar cities to humid 

in Lordegan and Khanmirza cities. In this study, 

28 well water samples were collected from the 

cities of Khanmirza, Lordegan, Borujen, Ardal, 

and Kiar between 2020 and 2022 to investigate 

changes in groundwater and assess its suitability 

for agricultural, drinking, and industrial 

purposes. The collected samples were sent to the 

laboratory for analysis. The Wilcox diagram was 

used to evaluate the suitability of water resources 

for agricultural use. This diagram is a commonly 

used method for classifying water based on its 

agricultural potential. The diagram uses the 

horizontal axis to represent water salinity and the 

vertical axis to represent the sodium absorption 

ratio, resulting in 16 classes that describe water 

quality based on these two factors. The Schuler 

diagram is another standard method for 

classifying water quality for drinking purposes, 

which allows for checking water quality at 

specific points in a desired area. The Schuler 

diagram is a semi-logarithmic chart that displays 

the concentration of primary ions in 

milliequivalents per liter. Calcium, magnesium, 

sodium, TDS, TH, chloride, sulfate and 

bicarbonate are among the indicators used in this 

method to analyze water quality. For chemical 

analyses of water samples, the Langelier 

Saturation Index (LSI) was used to measure the 

tendency of industrial water to form scale or 

corrode. To calculate this index, it is necessary to 

analyze the parameters of alkalinity, calcium 

hardness, total solids, temperature, and pH. The 

quality of water, temperature change, or 

evaporation can affect the index. To prepare a 

map for assessing the groundwater quality of the 

region, the study area was drawn in the ArcGIS 

10.5 software environment, and the locations of 

the 28 sampled wells were determined on the 

map. The kriging method and inverse distance 

weighting method (IDW) were used to draw 

changes in the parameters. 

Results 
The increasing usage of groundwater and the 

necessity of evaluating its quality and suitability 

for agricultural, drinking, and industrial purposes 

are of great importance. Therefore, this study 

aimed to assess the quality of groundwater in the 

cities of Khanmirza, Lordegan, Borujen, Ardal, 

and Kiar in Chahar Mahal and Bakhtiari 

provinces for the aforementioned purposes. 

Based on the Wilcox diagram, most of the 

samples are categorized as C2S1 (slightly saline 

and suitable for agriculture) and have good 

quality for agricultural use. The samples falling 

under the C3S1 category (saline and suitable for 

agriculture with necessary measures) can also be 

used for agriculture with appropriate measures. 

According to the Wilcox diagramôs qualitative 

classification of water and the frequency of data, 

approximately 82.14% of the samples are in the 

C2S1 and 17.86% are in the C3S1qualitative 

range. The qualitative evaluation of water for 

drinking purposes according to the Schuler 

diagram indicates that small changes in sodium, 

chlorine, and sulfate in the studied range will still 

fall into the suitable category. Additionally, the 

number of dissolved solids and the total hardness 
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of the water in the tested samples are classified 

into three categories: good, acceptable and 

average (Table 1). 

Table 1 The percentage of each of Schuler classification classes for drinking purposes in the entire range 

class TDS TH pH Na Cl SO4 

good 67.86 46.43 75 100 100 100 

acceptable 25 46.43 17.86 0 0 0 

medium 7.14 7.14 7.14 0 0 0 

unsuitable 0 0 0 0 0 0 

unpleasant 0 0 0 0 0 0 

undrinkable 0 0 0 0 0 0 

       

The Langelier index was used in this study to 

measure the tendency of the water to sediment or 

corrode in industrial applications. A negative 

index value indicates corrosive water, while 

positive values indicate sedimentary water. 

When the value is zero, the water is considered 

balanced (stable). The calculated LSI values for 

the samples in this study fell within the range of 

sedimentary and corrosive. To better understand 

the spatial changes in the study area, maps of the 

spatial distribution of parameters including EC, 

TDS, Na, Cl, TH, SO4 and TDS, as well as the 

Langelier index, were created using ArcGIS 10.5 

software. Choosing an optimal interpolation 

technique, is crucial for accurately estimating the 

studied characteristics in unsampled areas or 

spatially zoning the target area. 

Conclusions 
Considering the decrease in rainfall, recent 

intermittent droughts, the increase in withdrawal 

from groundwater tables, and the significant 

reduction in surface water resources, it is 

necessary to assess the quality of groundwater, 

including its suitability for drinking and other 

purposes. In this study, the qualitative 

assessment of groundwater for agricultural use 

was conducted in the Khanmirza, Lordegan, 

Borujen, Ardal, and Kiar counties of 

Chaharmahal and Bakhtiari provinces. To 

achieve this, 28 water samples were collected 

from underground sources (wells) in the region 

between 2020 and 2022 and subjected to 

chemical analysis in the laboratory. Interpolation 

methods were used to investigate the chemical 

characteristics of the groundwater for drinking, 

agriculture, and industry uses, and zoning maps 

were prepared using the kriging and inverse 

distance weighting (IDW) methods. The results 

showed that, according to the Wilcox diagram, 

most samples fell within the C2S1 range, 

indicating they are suitable for agricultural use. 

Also, according to the Schuler diagram, these 

samples are of good quality for drinking 

purposes and are suitable for consumption. Based 

on the Langelier index, they fall within the range 

of sedimentary and corrosive. Geostatistical 

studies also demonstrate the superiority of the 

Kriging interpolation method in zoning and 

estimating the groundwater's qualitative 

components in the region for most of the 

analyzed chemical components. Additionally, the 

water's sedimentation ability in the studied 

samples is more significant in the southeast and 

eastern parts of the study area. 

Data Availability  

The data can be requested from the 

corresponding author via email. 
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ÈĉvÀåv ºÉ½ ¢ĊÞú« ćwÑwê£ ÿ Ixj đwz ü¤å½ ²ÖÅ IĈñºý¿ 

Ç¾¤Æñ Ĉñ¹Āõj Üzwþù ĈÉwý xj ¿v ĂĊö¸£ xĒÑwåćwă 

Ić¾ĄÉ Ĉ¤ÞþÍ ÿ ć¿½ÿwÊí xwývÿ½ ÿćwă IĈ´ÖÅ y«Āù 

¹w¬ĉv ÜÑÿ ºÝwÆùwý ¢Æĉ¿ĈÖĊ´ù ºĉºÊ£ ÿ Ĉñ¹Āõj Üzwþù 

xj āºÉ ¢Åv ÿ ¢ĉ¾ĉºù óĀêÞù ÿ ĈêÖþù v½ ûj ½wĊÆz ½vĀÉ¹ 

ā¹¾í$ ¢Åv2015Rezaei et al. ā¾Ąz ÿ ¢ĊÞú« ÈĉvÀåv )#-

 ¾z āÿĒÝ Ăí ¢Åv āºĉ¹¾ñ ¦Ýwz ºþúÉ¿½v Üzwþù üĉv ¿v ć½v¹¾z

 ºzwĉ Èăwí ÀĊý Üzwþù üĉv ¢ĊæĊí I¢Ċúí

$2014amdadMachiani et al. B÷ºÝ )# Ĉăwñj ¿v ¢ĊÞÑÿ 

¢ĊæĊí xjćwă ĉ¿ĈþĊù¿¾ ĈùºývĀ£ Ĉ£ĒîÊù v½ ćv¾z ¢ĉ¾ĉºù 

Üzwþù xj ¿v ¾Úý ¢ĊÞÑÿ Ĉ¤ÉvºĄz ÿ ¢ùĒÅ ÷¹¾ù ÿ 

øăüĊþ¯ ĂÞÅĀ£ćwă ¿wĊý¹½Āù ½¹ ¾ă ĂêÖþù ¹w¬ĉv Iºĉwúý v¼õ 

Ĉăwñj ¿v ¢ĊÞÑÿ ¢ĊæĊí xjćwă IĈþĊù¿¾ĉ¿ ¡v¾ĊĊâ£ ÿ 

ó¾¤þí ûj Ĉîĉ ¿v ćwă¿wĊý Ĉ¤ĉ¾ĉºù ā¹Āz ÿ ½wĊÆz  ć½ÿ¾Ñ

¢Åv) ĈæĊí Ĉzwĉ¿½v Üzwþù  øĄù ¦³w{ù ¿v Ĉîĉ ĈþĊù¿¾ĉ¿ xj

±¾Õ ½¹$ ¢Åv ½ĀÊí xj Üzwþù ĂÞÅĀ£ ćwăSarbazy and 

2014Esmaili  )# 

È¸z ½¹ ā¹wæ¤Åv ¢Ą« Ĉzj Üzwþù ĈæĊí ĈÅ½¾z ½¹ ćwă

 ½¹ ĈÊăÿÂ~ ½¹ )¢Åv Ă¤å¾ñ ¡½ĀÍ ć¹ºÞ¤ù ¡wÞõwÖù äö¤¸ù

 ¢É¹ ûvĀ¸zj ĈþĊù¿¾ĉ¿ xj ¢ĊæĊí ĈÅ½¾z Ăz wîýĒĉ¾Å ½ĀÊí

÷wíwýĀ¯  ûwÊý ªĉw¤ý )ºÉ Ă¤·v¹¾~ ć¿½ÿwÊí ½¹ ā¹wæ¤Åv ¢Ą«

 Ăí ¹v¹,1" ĂýĀúý Iøí ĈĉwĊöé ¾Ö· ÿ ÔÅĀ¤ù ć½ĀÉ wz wă

 üĊþ°úă )ºþ¤Æă yÅwþù ć¿½ÿwÊí ½¹ ā¹wæ¤Åv ¢Ą«

xj Ăí ºÉ Ì¸Êù ĈþĊù¿¾ĉ¿ ćwăÈ¸z ½¹ ĂêÖþù ¿v Ĉĉwă

 yÅwþù ¢ĊæĊí ĂÞõwÖù ¹½Āù Ă¯wĉ½¹ ¹Ā«ÿ ôĊõ¹ Ăz Ăí ºý½vºý

þù üĉv ½¹ ìúýĈù ĂêÖºÉwz $Sutharainy et al. 2012 )#

)2016(Homayoonnezhad et al.   xj ¢ĊæĊí Ĉzwĉ¿½v Ăz

ĂúĊý āw¯ û¿w¸ù ¾z ĂĊî£ wz ć¿½ÿwÊí ÿ x¾É ¾Úý ¿v ôzv¿ ć

 ¾z Ăí ¹v¹ ûwÊý ªĉw¤ý )ºþ¤·v¹¾~ ÄíĀîöĉÿ ÿ ¾õĀÉ ćwă½v¹Āúý

 Ăê{Õ ½¹ x¾É ×w´õ Ăz û¿w¸ù ¢ĊæĊí ¾õĀÉ ½v¹Āúý è{Õ

ôzwéóĀ{é «¹½v¹ ćw)  ×w´õ Ăz ÄíĀîöĉÿ ÷v¾ñwĉ¹ è{Õ ¾z

 ì{Å ¢åwz Ó¾É Ăz ÿ ¹½v¹ ½v¾é ÔÅĀ¤ù Ăê{Õ ½¹ ć¿½ÿwÊí

Ĉù ëw·$ )¹¾í ā¹wæ¤Åv ć¿½ÿwÊí ćv¾z ûj ¿v ûvĀ£Sajadi 

Minaab and Yaghob (2017  ĈĉwĊúĊÉĀtÁ Ĉzwĉ¿½v Ăz

 ć¿½ÿwÊí ã½wÎù ćv¾z ûw«¿v¾z ¢É¹ ĈþĊù¿¾ĉ¿ xj ¢ĊæĊí

¾ĄÉĀz ûw¤Åv ówúÉ ½¹ ûj )ºþ¤·v¹¾~ ¿v wă-,  xj ĂýĀúý

 ¢ÊĄ{ĉ¹½v ½¹ ĈþĊù¿¾ĉ¿,.4,  ĈÅ½¾z wz )ºý¹Āúý ā¹wæ¤Åv

xj ºÉ Ì¸Êù ĈþĊù¿¾ĉ¿ xj ĈæĊí ćwă¾¤ùv½w~ Ĉýwîù ćwă

 ¢ĊæĊí ¿v ć¿½ÿwÊí ã½wÎù ćv¾z ½Āí¼ù ¢É¹ ĈþĊù¿¾ĉ¿

 )ºý½v¹½Ā·¾z ÔÅĀ¤ù ½¹ĈÊăÿÂ~ ºþă ½ĀÊí ½¹  ĈþĊù¿¾ĉ¿ xj

ĂêÖþù~ x¾á xĀþ« ½¹ v½ ćvÎù ćv¾z ºþă xw¬þã½w  ÿ x¾É

 ćwă¹½vºýw¤Åv ¿v ā¹wæ¤Åv wz ć¿½ÿwÊí½ĀÊí ûj  ¢{Æý ÿ

 Ĉzwĉ¿½v Ĉñºý½Ā· ¢{Æý ÿ øĉÀĊþù ¢{Æý IøĉºÅ x¼«

ºý¹¾í) w¤ýĉª ûwÊý ¹v¹  Ăíxj ¿ĉù¿¾ĊþĈ ½¹ ĂêÖþù ¹½Āù 

ĂÞõwÖù ¿v ¾Úý ÉĊúĊwĈĉ v¾zć ã½wÎù x¾É ÿ ¿½ÿwÊíć 

yÅwþùwý ¹Āz $2017. Kaur et al.( 

Eslami et al. (2018)  ĈþĊù¿¾ĉ¿ xj ¢ĊæĊí Ĉzwĉ¿½v Ăz

 ½wùj ¿v ā¹wæ¤Åv wz ć¿½ÿwÊí ãvºăv ćv¾z ûwí¹½v ¹Àĉ ¢É¹

 ĈæĊí,+  ĂõwÅ20  wz āw¯ Ăêö³÷¾ý½vÀåv GIS  )ºþ¤·v¹¾~

 ½¹ Ăí ¹v¹ ûwÊý ªĉw¤ý,3*0."  ûwí¹½v ¹Àĉ ¢É¹ Ĉ³vĀý ¿v

yÅwþù ć½wĊzj ćv¾z xj ¢ĊæĊí I10*-3" ¢ĊæĊí  ÿ ÔÅĀ¤ù

 ½¹,2*,3"  )¢Åv yÅwþùwý xj ¢ĊæĊí$Pourkhbaz et al. 

(2017 ĂþĄ~ Ăz ½¹ ā¹wæ¤Åv ¢Ą« ĈþĊù¿¾ĉ¿ xj ¢ĊæĊí ćºþz

Ăê{Õ ÃwÅv ¾z ć¿½ÿwÊí üĉÿÀé ¢É¹ ½¹ ÄíĀîöĉÿ ćºþz

 Ăí ¹v¹ ûwÊý ªĉw¤ý )ºþ¤·v¹¾~./"  ćv¾z ĂêÖþù ¿v ć¿½ÿwÊí

 IyÅwþù0,"  ÿ yÅwþù Mw¤{Æý,0" yÅwþùwý Ĉù )ºþÉwz

 ½¹ ĈÊăÿÂ~Ĉzwĉ¿½v ćv¾z wþá ½ĀÊí ¢ĊæĊí xj ĈþĊù¿¾ĉ¿ 

ćv¾z ć½wĊzj ÿ üĊùm£ xj Ĉòýw· ć½v¹¾ĄÉ ½¹ x¾áwñ  ÷w¬ýv

Éº )ªĉw¤ý ûwÊý ¹v¹ Ăí ćwă¾¤ùv½w~ ÷wú£ ĈîĉÀĊå ÿ  ĈĉwĊúĊÉ

xjćwă ĈÅ½¾z¹½Āù ĂzÀ«TDS I Na ÿ Cl ½¹ ā¹ÿº´ù 

ôzwéóĀ{é ûwù¿wÅ $ ĈýwĄ«WHOĈù #ºÉwz )üĊþ°úă ½v¹Āúý 

ÄíĀîöĉÿ wÊýûāºþă¹ ¾Ö· øí ÔÅĀ¤ù w£ øĉºÅ wz ¾ĉ¹wêù 

¹wĉ¿ ć½ĀÉ w£ ½wĊÆz ¹wĉ¿ Ăí ûwÊýāºþă¹ yÅwþù û¹Āz xj 

ćv¾z ãvºăv ć½wĊzj Ĉù ºÉwz$Sunkari and Suchullo 

2019 )# 

¢Ċözwé ĈÅ½¾z Ăz ĂĊí¾£ ½ĀÊí ½¹ ĈÊăÿÂ~ ½¹ ā¹wæ¤Åv ¿v 

xjćwă ĈþĊù¿¾ĉ¿ ã½wÎù ¢Ą« x¾É ÿ ć¿½ÿwÊí ÿ ¡v¾§v 

Ĉñ¹Āõj ÞþÍĈ¤ ÿ ć¿½ÿwÊí ćÿ½ ¾z xjćwă ĈþĊù¿¾ĉ¿ ½¹ 

ûw¤Åv ºÉ Ă¤·v¹¾~ ëĀzv½wí )ªĉw¤ý ûwÊý ¹v¹ Ăí Ăúă ¾ĉ¹wêù 

ā¿vºýv ćwă¾¤ùv½w~ć¾Ċñ āºÉ ¿v ¾Úý ĈýºĊùwÉj ½¹ º³ Ĉĉđwz 

ºý¹Āz ÿ ¿v ć¿½ÿwÊí ¾Úý Ôêå Ĉîĉ ¿v āw¯wă ôzwé ā¹wæ¤Åv ½¹ 

xĀÕ¾ù ôÎå $ ¢ÅvEsmeray and Gokcokli 2020 )#

)2021. (al et diRadMotame  Ăz Üzwþù ¢ĊæĊí Ĉzwĉ¿½v

 Ĉ¤Å½wí ûvĀ¸zj ½¹ ¢ÞþÍ ÿ ć¿½ÿwÊí Ix¾É ¾Úý ¿v Ĉzj

ĈõwúÉ ûwÅv¾· ûw¤Åv üĉv¾æÅv üĊtÿ½  ûwÊý ªĉw¤ý )ºþ¤·v¹¾~

 ½¹ ĈÅ½¾z¹½Āù xj Üzwþù ć¿½ÿwÊí ÿ ûºĊùwÉj ¾Úý ¿v Ăí ¹v¹

Ĉù ½v¾é yÅwþù ā¹½)ºý¾Ċñ  ¢õwĉv ÿ ºþă ½ĀÊí ½¹ ĈÊăÿÂ~ ½¹
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v½ Ăz ûw¤Æ«Å½¾zĈ Ì·wÉwăć íĊæĈ ¿ xjĉù¿¾Ċþ ¢Ą« Ĉ

 )ºÉ Ă¤·v¹¾~ x¾É ã½wÎùv¾zć í Ì·wÉ Ă{Åw´ùĊæĊ¢  xj

,0 Üú« xj ĂýĀúý½ÿjć v¾z ÿć vÀ«vć  xj ½¹ ¹Ā«Āù äö¤¸ù

õ¹ ĂzĊô ñ¹ĀõjĈ wþÍĉÜ ¿¾òý½ ÿ |w¯ć À¬£ ¹½Āù ãv¾ÕvĉĂ  ÿ

ö´£Ċô  Ăí ¹v¹ ûwÊý èĊê´£ ªĉw¤ý )¢å¾ñ ½v¾é/+ " ¿v

ĂýĀúýwăć í ¾Úý ¿v xjĊæĊ¢ v¾zć ùwÉj ã½wÎùĊýºĈ õwÝIĈ 

-+ "ĂýĀúý ¿v xĀ· wăÿ /+ "ĂýĀúý ¿vwăć éwz xjĊāºýwú  Ăz

õ¹Ċô z ½vºêùĊÈ đj º³ ¿vĉāºþ ¿ xj ½¹ ¹Ā«Āùĉù¿¾ĊþĈI 

v¾zć ùwÉj ã½wÎùĊýºĈ ¿½ÿwÊí ÿć ÆzĊ½w ¹Āz ºþăvĀ· ¾Òù 

$2021et al. Shahnawaz Ĉñºý½wz Èăwí Ăz Ă«Ā£ wz )# ÿ wă

îÊ·ĈõwÆ xj ā¾æÅ ºĉºÉ ¢åv ÿ ¾Ċ·v xÿwþ¤ù ćwă

¢É¹ ½¹ ĈþĊù¿¾ĉ¿ ÈĉvÀåv ÿ Iü«ÿ¾z ÿ ûwñ¹¾õ ćwăûÿÀåv¿ÿ½ 

xj ¿v ā¹wæ¤Åv Ăz ¢Åv ¹ºÍ½¹ èĊê´£ üĉv  IĈþĊù¿¾ĉ¿ ćwă

 ½¹ ĈþĊù¿¾ĉ¿ xj Ĉýwîù ¡v¾ĊĊâ£ ôĊö´£ ÿ ĈæĊí Ĉzwĉ¿½v

ûw¤Å¾ĄÉ ÜzvĀ£ ¿v ½wĊí ÿ ó¹½v Iü«ÿ¾z Iûwñ¹¾õ Iv¿¾Ċúýw· ćwă

Åv ûw¤ów´ù½wĄ¯  ¿v ć¹¾z½wí ¡wÝĒÕv ÿ Ă¤·v¹¾~ ć½wĊ¤¸z ÿ

¢ĊÞÑÿ  ¢ĊæĊíÜzwþù èÕwþù üĉv xj )ºĉwúý Ătv½v  

-( Çÿ½ ÿ ¹vĀùwă 
,--( ĂÞõwÖù ¹½Āù ĂêÖþù 

ûw¤Åv ów´ù½wĄ¯ ÿ ć½wĊ¤¸z wz  ¢³wÆù2km ,10.-  üĊz

ϲ.,  ÿȰ4  w£ϲ.-  ÿȰ/3 Ï¾Ý ĈõwúÉ ÿ  ÀĊýϲ/4  ÿȰ-3   w£

ϲ0,  ÿȰ-0 óĀÕ Ĉé¾É ½v¾é ¹½v¹ )üĉv ûw¤Åv  È¸z ½¹

ćÀí¾ù āĀíćwă Ã¾ñv¿ üĊz ÈĊ~ āĀíćwă ô·v¹ ÿ ûw¤Åv 

ûwĄæÍv Üévÿ āºÉ ¢Åv )¿v ówúÉ ÿ ç¾É Ăz ûw¤Åv IûwĄæÍv  ¿v

 x¾áĂz ûw¤Åv Iûw¤Å¿Ā· ¿v xĀþ« Ăz ĂĉĀöĊòĄí ÿ Āzĉºú³v¾ ÿ 

¿v ówúÉ x¾á Ăz ûw¤Åv ûw¤Å¾õ ¹ÿº´ù ¢Åv )v ½¹ ûw¤Åv üĉ

ĂêÖþù ÛĀú¬ùÅv ćv ĂöÆöÅ ¹vº¤ùv ½¹ Ĉýw¤ÆăĀí ¢āĀíćwă 

¹½v¹ ¹vº¤ùv Ĉé¾É xĀþ« ã¾Õ Ăz Ĉz¾á ówúÉ ¿v Ăí Ã¾ñv¿ )

ìĉ ¿v ć½vĀúăwý ÛĀþ£ ¹Ā«ÿ ¾Å ¾z ûw¤Åv üĉv ć¾Ċñ½v¾é ÿ ĀÅ

 ¹w¬ĉv y{Å ¾òĉ¹ ćĀÅ ¿v Ăýw¤Æù¿ Ĉz¾á ćwăvĀă ā¹Ā£ āv½

öév ¹¾·Ċøwă ûw¤Åv ½¹ ćÀĉwú¤ù ćÉāº ¢Åv

(Abbasnia and Baaghideh 2015) ½¹ Ĉ£wÞõwÖù ĂêÖþù )

ûw¤Å¾ĄÉ ÈăÿÂ~ üĉv¾z Iûwñ¹¾õ Iv¿¾Ċúýw· ćwă ÿ ó¹½v Iü«ÿ

Ĉù ½wĊí$ ôîÉ ½¹ Ăí ºþÉwz, øĊöév )¢Åv āºÉ ā¹v¹ ûwÊý #

 ½¹ ¹¾Å ìÊ· ¿v āÁ¾{ùj Çÿ½ ćwþ{ù ¾z ĂÞõwÖù ¹½Āù ĂêÖþù

ûw¤Å¾ĄÉ ½¹ xĀÕ¾ù øĊöév w£ ½wĊí ÿ ó¹½v Iü«ÿ¾z ćwă

ûw¤Å¾ĄÉ øĊöév üĊþ°úă )¢Åv ¾Ċâ¤ù v¿¾Ċúýw· ÿ ûwñ¹¾õ ćwă

Ċöév Ă¤Å¹ ½wĄ¯ Ăz ĂÞõwÖù ¹½Āù ā¹ÿº´ù xĀÕ¾ù ĂúĊý ø

È¸z ÿ ½wĊí ûw¤Å¾ĄÉ ½¹ ûwáwý ÿ ½vÀúöÉ$ ¹¾Å óº¤Þù ćwă

 È¸z$ ¹¾Å óº¤Þù xĀÕ¾ù øĊöév I#ü«ÿ¾z ûw¤Å¾ĄÉ ćÀí¾ù

 ûw¤Å¾ĄÉ ½¹ ÄĊé ÷wùv Ĉ³vĀý ÿ ó¹½v ûw¤Å¾ĄÉ ½¹ ûv½wþĉ¹

 ÿ #ûwñ¹¾õ ûw¤Å¾ĄÉ$ ¹¾Å Ĉúí xĀÕ¾ù ĂúĊý øĊöév I#ü«ÿ¾z

ĂúĊý øĊöév·¹ÿ½ ĂĊÉw³$ ÷¾ñ ½wĊÆz xĀÕ¾ù ½¹ ºþù½v Ăýw

Ĉù #ûwñ¹¾õ ûw¤Å¾ĄÉºÉwz )Anonymous 2023(.   Ăz

¢É¹ ā¾Ċ·» I¢å¾zj èúÝ ¢ĉ¹ÿº´ù ôĊõ¹wă  ÿ ¢Åv ¹ÿº´ù

¢Év¹¾zĈz ćwă ûĒĊz ¢·wþÉ ÿ ¢ĉwÝ½ ÷ºÝ Ă¬Ċ¤ý Ăí Ăĉÿ½

²ÖÅ ºĉºÉ ¢åv ¦Ýwz ā¹Āz ¢É¹ ¢É¹ üĉv ½¹ xj ÿ āºÉ wă

ûj ¢ĊæĊí ¾z I¢Ċúí ¾z āÿĒÝ)¢Åv ½v¼ñ¾§v ÀĊý wă  Ĉå¾Õ ¿v

ĈõwÆîÊ· ¡đÿÀý ÿ Ĉñºý½wz Èăwí ÿ ¾Ċ·v xÿwþ¤ù ćwă

Ă¤Év¼ñ ¾§v ĈþĊù¿¾ĉ¿ xj ²ÖÅ ¾ĊòúÊ¯ ¢åv ¾z ÀĊý ćĀ«-

¢Åv $2021Anonymous #)  

 
 ôîÉ,( wÖù ā¹ÿº´ùĈ£wÞõ 

Fig. 1 Study area 

-(-(  ć½ÿj¹¾ñā¹v¹wă 

½¹ üĉv ÈăÿÂ~ wĉ¿½v ÿ ĈþĊù¿¾ĉ¿ xj ¡v¾ĊĊâ£ ĈÅ½¾z ¢Ą« Ĉz

z ûj yÅwþ£ ¿v ¢ÞþÍ ÿ x¾É Ić¿½ÿwÊí ã½wÎù ćv¾-3 

ûw¤Å¾ĄÉ ½¹ āw¯ Ăêö³v Iü«ÿ¾z Iûwñ¹¾õ Iv¿¾Ċúýw· ćwă ó¹½ÿ 

ā¿wz ½¹ ½wĊí Ĉýwù¿ ć,/++(,.44 úýĂýĀ½v¹¾z Èþív¾~ )ºÉ ć

āw¯ĂýĀúý ćwă ôîÉ ½¹ āºÉ ć½v¹¾z$-āºÉ ā¹v¹ ûwÊý # )¢Åv

ĂýĀúýāºÉ ¢Év¹¾z ćwă ½¹ ½v ÿ ÀĊõwýj ¹½Āù āwòÊĉwù¿jzwĉ¿ Ĉ

¢å¾ñ ½v¾é$ óÿº« ½¹ ),ĂÎ¸Êù #ćwă ć½wùj Ăæõoùćwă 

äö¤¸ù ĈĉwĊúĊÉ ûĀù¿j ¹½ĀùI  ā¹½ÿj)¢Åv āºÉ  ów³ ½¹

āw¯ ć¾z½wí ¾Ñw³ çĀå ćwă ã½wÎù ćv¾zĈù ć¿½ÿwÊí)ºÉwz 

ĈõwÆîÊ· Ăz Ă«Ā£ wzj Üzwþù ¹Ā{úí ÿ ¾Ċ·v xÿwþ¤ù ćwă Ix

ĂýĀúý ¢Ċözwé ÀĊý ¢ÞþÍ ÿ x¾É ã½wÎù ćv¾z ¹Ā«Āù ćwă

½Āù)¢å¾ñ ½v¾é ĈÅ½¾z ¹ 

 

http://iwrj.sku.ac.ir/?_action=article&au=12317&_au=Mohsen++Abbasnia&lang=en
http://iwrj.sku.ac.ir/?_action=article&au=12318&_au=mohammad++baaghideh&lang=en
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 ôîÉ-( āw¯ Èþív¾~ĂÞõwÖù ¹½Āù ā¹ÿº´ù ½¹ ĈÅ½¾z¹½Āù ćwă 

Fig. 2 Distribution of investigated wells in the studied area 

 óÿº«,( ĂÎ¸Êùćwă ć½wùj Ăæõoùćwă äö¤¸ù ĈĉwĊúĊÉ  
Table 1 Statistical characteristics of different chemical components 

Parameter EC TDS pH Ca Mg Na K HCO3 CO3 Cl SO4 

unit 
µmho/c

m 
ppm - ppm ppm ppm ppm ppm ppm ppm ppm 

The 

number of 

samples 

28 28 28 28 28 28 28 28 28 28 28 

Arithmeti

c mean 
606.1 429.3 7.7 78.5 21.9 14.5 2.1 289.3 3.9 53.0 3.3 

Standard 

deviation 
290.9 238.99 0.35 34.11 11.13 9.21 1.79 137.1 5.13 29.33 5.35 

coefficien

t of 

Variation 

(%) 

47.9 55.6 4.5 43.4 50.7 63.3 82.1 47.4 130.5 55.2 162.1 

Maximum 1577 1225.7 8.7 188 60.7 35.2 7.02 744.8 15.6 116.4 29.2 

Minimum 264 167.3 7.1 38.6 7.1 0.2 0.4 122.6 0 14.5 0.05 

Mode 732 514.3 7.8 98.6 19.8 20.9 0.8 236.7 0 45.8 3.8 

The 

middle 
553.5 390.6 7.8 66.8 19.9 14.8 1.5 252.8 0.3 42.8 2.16 

Range of 

changes 
1313 1058.4 1.6 149.4 53.6 35.0 6.6 622.2 15.6 101.9 29.2 

Skewness 1.8 1.9 0.6 1.8 1.7 0.3 1.5 2 1.1 1.1 4.5 

Variance 84630 57115 0.1 1163.6 123.9 84.7 3.2 18809 26.3 860.2 28.6 

 

-(.( Üzwþù Ĉzwĉ¿½v ć¿½ÿwÊí ã½wÎù ćv¾z Ĉzj 

 ÷v¾ñwĉ¹ ¿v ć¿½ÿwÊí ½¹ ā¹wæ¤Åv ¢Ą« Ĉzj Üzwþù Ĉzwĉ¿½v ćv¾z

 ½wĊÆz ĈÉÿ½ ÄíĀîöĉÿ ÷v¾ñwĉ¹ )ºÉ ā¹wæ¤Åv ÄíĀîöĉÿ

Ăê{Õ ½¹ óÿvº¤ùxj ćºþz üĉv ½¹ )¢Åv ć¿½ÿwÊí ¾Úý ¿v wă

 ¢{Æý Ăz ć¹ĀúÝ ½Ā´ù ÿ xj ć½ĀÉ Ăz Ĉêåv ½Ā´ù ÷v¾ñwĉ¹

ºÅ Ĉz¼«¿v )¹½v¹ ËwÎ¤·v øĉ èĊæö£ üĉv ÿ¹  ¢ĊæĊí IôùwÝ

xjwă  Ăz,1 Ăê{Õ Ĉù øĊÆê£ )¹ĀÉ$ óÿº«-Ăí # ¿v #3 

Ûÿ¾É #ĈõwÝ$ ÿ Ăz ὅ3  #yÅwþùwý$ ø¤· Ĉù$ ¹ĀÉWilcox 

1955¢Úöá ìúí Ăz #$ øĊÆöí ćwăCa$ øĉÀĊþù I#Mg ÿ #

øĉºÅ $NaøĉºÅ Ĉz¼« ¢{Æý # $ ĂÖzv½ ¿v ā¹wæ¤Åv wz,# 

 Ă{Åw´ùºÉ) 

$,      #    ὛὃὙ   

íĂI  yÆ³ ¾z øĉÀĊþù ÿ øĊÆöí IøĉºÅ ¢Úöámeq/l  ûwĊz

ĈùĀÉ)¹



 

 

 Ĉýw¬ý¹½ÿ ĈþĊÆ³  Iûv½wîúă ÿ,/+- 
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óÿº«-( Ăê{ÕºþzÄíĀîöĉÿ ½wĊÞù ÃwÅv ¾z ć¿½ÿwÊí ¾Úý ¿v xj ć )Wilcox 1955( 

Table 2 Classification of water in terms of agriculture according to Wilcox criteria 

Class EC Description Class SAR 
Quality type for use 

in agriculture 
Class number 

╒  0-250 Excellent Ὓ 0-10 
Sweet and Harmless 

for use in agriculture 
ÃÓ 1 

╒  250-750 Good Ὓ 10-18 

A little salt is almost 

suitable for 

agriculture 
ÃÓ ̪ÃÓÃ̪Ó 2 

╒  750-2250 Normal Ὓ 18-26 

salt and suitable for 

agriculture by 

applying the 

necessary measures 

ÃÓÃ̪ÓÃ̪ÓÃ̪ÓÃ̪Ó 3 

╒  2250-5000 Unsuitable Ὓ 26-32 

Too much salt is 

harmful for 

agriculture 
ÃÓÃ̪ÓÃ̪Ó Ã̪ÓÃ̪Ó Ã̪ÓÃ̪Ó 4 

        

/--( wÎù ćv¾z xj Üzwþù Ĉzwĉ¿½vx¾É ã½ 

 ÿ ¢Åv ûwÆýv ã¾Îù ćv¾z ĈĄ«Ā£ ôzwé Ü{þù ĈþĊù¿¾ĉ¿ xj

¾z û¹Āz Ã¾¤Å¹ ½¹ ÿ ¢ĊæĊí ¾Úý¿v ûj Øæ³ôÆý ćv ćwă

$ ¢Åv ½v¹½Ā·¾z Ĉĉđwz ¢Ċúăv ¿v āºþĉjKhanoranga  and 

2019Khalid )#  Üzwþù üĉv Ĉù v½ûvĀ£ ÛĀú¬ù ½¹ ĈñÂĉÿ-

IĈîĉÀĊå ćwă IĈĉwĊúĊÉ I÷ĀúÅ ĈîĉÁĀõĀĉ¾¤íwz ÿ ĈîĉÁĀõĀĉ¹v½ 

¹½Āù ĈÅ½¾z ½v¾é $ ¹v¹2018Soltani  Jahangir and¿v )# 

Çÿ½ćwă óÿvº¤ù ¢Ą« Ăê{Õćºþz xj v¾zć ã½wÎù Ix¾É 

÷v¾ñwĉ¹ ¾õĀÉ, Ĉù ĂÖêý ìĉ ½¹ v½ xj ĈÅ½¾z ûwîùv Ăí ºÉwz

 ĂêÖþù ¿v Ëw·¾Úý¹½Āù Ĉù Ătv½v )ºă¹ ôí Ĉ¤¸Å ¾z$

yÆ³ 3CaCO# ĂýĀúýĈù v½ xj ćwă ¿v ā¹wæ¤Åv wz ûvĀ£ ĂÖzv½

$-# ¹¾í Ă{Åw´ù $2018 et al. Bhat)# 

$-#         ]+2[Mg4.1]++2[Ca 2.5] = 2[CaCO 

 IĂí ¢ÚöáûĀĉ yÆ³¾z wămeq/l ĈùºÉwz) Ăê{Õ ćºþz

 ¾õĀÉ ÷v¾ñwĉ¹ ÃwÅv ¾z xj ¢ĊæĊíĈù ºÉwz$Talebi et al. 

2017#) 

-(0( ¢ÞþÍ ã½wÎù ćv¾z Ĉzj Üzwþù Ĉzwĉ¿½v 

ËvĀ· Ĉñ¹½Ā· ÿ wĉ ¿wz Ĉñºý½v¹ ûĀĉwă āÿĒÝ ¾z ÛĀý ûjwă Ăz 

¢Úöá ûĀĉ ÀĊý Ĉò¤Æz )¹½v¹ Mw{õwá ½vºêù ûĀĉĈĉwă Ăí ¢ĊÍw· 

v¹¿wzĈñºý½ ºý½v¹ ºĉwz ÈĊz ¿v ½vºêù ûÂĊÆív ô³ āºÉ ½¹ 

óĀö´ù ºÉwz w£ ¢Ý¾Å Èþívÿ ćº£wí iwĊ³v ûÂĊÆív Èăwí 

ºzwĉ $2014Sarbazy and Esmaili )#  ÈăÿÂ~ üĉv ½¹ćv¾z 

ĈÅ½¾zćwă ĈĉwĊúĊÉ ĂýĀúýć ½¹ xj È¬þÅ ôĉwú£ Ăz 

xĀÅ½½v¼ñć wĉ ¿v ¢ÞþÍ ½¹ Ĉñ¹½Ā· $ ¾öĉÂýđ Ì·wÉLSI# 

ºÉ ā¹wæ¤Åv)  ćwă¾¤ùv½w~ ôĊö´£ Ì·wÉ üĉv Ă{Åw´ù ćv¾z

                                                      
1 Schuler diagram 

öéĊtw ÿ ¡½v¾³ Ă«½¹ Iºùw« ¹vĀù ôí IĈúĊÆöí Ĉ¤¸Å I¢Ċ

pH  wĉ ÿ ¡½v¾³ Ă«½¹ ¾ĊĊâ£ Ixj ¢ĊæĊí )¢Åv ć½ÿ¾Ñ

Ĉù ¾Ċ¸{£ )ºă¹ ½v¾é ¾Ċ§m£ ¢´£ v½ Ì·wÉ üĉv ºývĀ£ üĉv

 Ì·wÉĂÖzv½ ¿v $.#  ºÉ Ă{Åw´ùAzari et al. 2016).( 

$.                    #                             cpH-SI = pHL 

IĂí pH ā¿vºýv xj Ă¤ĉºÅv ÿ āºÉ ć¾ĊñὴὌ  Ă¤ĉºÅv

ĂÖzv½ ¿v Ăí Ĉ£w{Åw´ù $/# ĂzĈù ¢Å¹)ºĉj 

$/     #            pHc = (9.3+A+B)-(C+D) 

ĂíI  A IB IC  ÿD Āö´ù ±Ēùv Ăz ÓĀz¾ù yĉv¾Ñ yĊ£¾£ Ăz ó

 yÆ³¾z xj ½¹ppm¡½v¾³ Ă«½¹ I  yÆ³ ¾zCЈ Ĉ¤¸Å I

 yÆ³ ¾z øĊÆöíppm  ÿ ¡wþz¾í øĊÆöíöéĊtwĊ¢  yÆ³ ¾z

ppm Ĉù ¡wþz¾í øĊÆöí)ºþÉwz 

1--( v¾ĊĊâ£ ĂÊêý ĂĊĄ£wă¾¤ùv½w~ Ĉýwîù ¡ 

ćv¾z ĂĊĄ£ ĂÊêý Ĉzwĉ¿½v ¢ĊæĊí xj ĈþĊù¿¾ĉ¿ IĂêÖþù  ¿¾ù

ā¹ÿº´ù Ĉ£wÞõwÖù ÔĊ´ù ½¹ ÷¾ý ½vÀåv ArcGIS 10.5ĂĊĄ£ 

āºÉ ÿ  ¢ĊÞéĀù-3 Ăêö³ w¯Ĉă Ăí ĂýĀúýć½v¹¾z ¿v ûj  Üzwþù

¡½ĀÍ Ă¤å¾ñ ¹Āz ćÿ½ ĂÊêý Ì¸Êù  Ĉ·¾z Ä Å )ºÉ

Ăæõoùā¿vºýv āwòÊĉwù¿j ½¹ xj ĈĉwĊúĊÉ ćwăºÉ ć¾Ċñ)  ÿ¹ ¿v

 Çÿ½ ÿ ðþĊ¬ĉ¾í ĈzwĊýwĊù Çÿ½û¿ÿă¹Ĉ ÄîÝ ĂöÍwå 

$IDWĂþĄ~ ¢Ą« # ¡v¾ĊĊâ£ Ić¾¤Å½ ĂÊêý øĊÅ¾£ ÿ ćºþz

ā¹ÿº´ù ½¹ xj ĈæĊí ćwă¾¤ùv½w~ Ĉýwîù  ā¹wæ¤Åv Ĉ£wÞõwÖù

É)º 

 7- 2( Çÿ½ûÿ½¹ ćwăĈzwĉ  

ûÿ½¹Ĉzwĉ ìĉ ÛĀý ôĊö´£ ĈÑwĉ½(ć½wùj ¢Åv Ăí wz 

ā¹wæ¤Åv ¿v ûj ĈùûvĀ£ ćv¾z ĈÕwêý Ăí ĂýĀò°Ċă ¢Év¹¾z 
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Ĉ£wÝĒÕv ÷w¬ýv I¢Åv āºÊý ć¾ĉ¹wêù v½ ¹½ÿj¾z ¹Āúý) Ĉîĉ 

¿v óĀúÞùüĉ¾£ Çÿ½ćwă ûÿ½¹Ĉzwĉ Çÿ½ û¿ÿ Ĉă¹ 

ÄîÝ ĂöÍwå (IDW) ćv¾z ¾ă ìĉ ¿v Ówêý ā¿vºýv ć¾Ċñ

ûÿºz āºÉ Ă«Ā£ Ăz ¢ĊÞéĀù ÿ Èĉv½j Ĉý¿ÿ IÓwêý ¾z 

ÃwÅv ĂöÍwå üĊz ûj ĂÖêý w£ ¢ĊÞéĀù ĂÖêý óĀĄ¬ù ½¹ 

¾Úý Ĉù¹¾Ċñ )Ä Å üĉv ûv¿ÿv ÔÅĀ£ ûvĀ£ û¿ÿĈă¹ 

ó¾¤þí ĈùI¹ĀÉ Ăzć½ĀÕĂí ûvĀ£ćwă ¾¤ñ½Àz ¾§v Ówêý 

¾£½ÿ¹ ¿v ĂÖêý ¹½Āù ¹½ÿj¾z v½ Èăwí ¹v¹ā ÿ ûvĀ£ćwă 

¾¤î¯Āí û¿ÿwă v½ Ăz½ĀÕ ¢·vĀþîĉć¾£ üĊz Ówêý øă½vĀ« 

Üĉ¿Ā£ ĈùÇÿ½ ¾òĉ¹ ¿v )ºþþíûÿ½¹ ćwăĈù Ĉzwĉ Ăz ûvĀ£

ðþĊ¬ĉ¾í Ă¤å¾ÊĊ~ Çÿ½ ¹Āúý ā½wÉv Ăí wz üĉ¾¤úí 

Äýwĉ½vÿ IüĊú¸£ ûÿ½¹Ĉzwĉ ā¹Āúý ÿ ûvÀĊù ćwÖ· ûj 

Üzw£ ¡wÎ¸Êù wúý¾ĊĊâ£ Ĉùÿ ºÉwz ¿v ¢é¹ Ĉĉđwz 

¾z½v¹½Ā· ¢Åv )üĉv Çÿ½ ¾z ÃwÅv üĊòýwĊù ë¾´¤ùĈý¿ÿ 

ĂzûvĀþÝ üĉ¾¤Ąz üĊú¸£¾ñ yĉ½vwý Ă¤·wþÉ āºÉ ¢Åv

)Sadeghiet al. 2016; Ghahrodi Tali 2005.( Ä Å

ā¹v¹ ÿ¹ üĉv ĂÆĉwêù ÿ ºÉ ĈÅ½¾z û¹Āz ówù¾ý ×w´õ ¿v wă

 ½vÀzv wz Çÿ½Geostatistical Analyst  Ì·wÉ ¿v ÿ ÷w¬ýv

 ć½wùjRMSE $ ĂÖzv½ ¿v Ăí ºÉ ā¹wæ¤Åv0Ăz #j ¢Å¹ùº) 

$0#   2-3%
В 

IĂí /  JāºÉ Ă{Åw´ù Ì·wÉ0  JāºÉ ĈþĊz ÈĊ~ Ì·wÉ

RMSE  Ì·wÉ üĉv Ă¯ ¾ă Ăí wÖ· ¡wÞz¾ù üĊòýwĊù ½ÿ¼¬ù

ìĉ¹Àý ¾æÍ ĂzûwÊý ºÉwz ¾£āºþă¹  ÿ ¾¤úí ćwÖ· ćđwz ¢é¹

Ĉù óºù)ºÉwz 

.( Ă¤åwĉ¦´z ÿ wă 
,-.( ÄíĀîöĉÿ ÷v¾ñwĉ¹ ÃwÅv ¾z Ĉzwĉ¿½v  

ĈñÂĉÿ ¿vĂúĊý ÿ ìÊ· èÕwþù ćwă ÿ ć½ĀÉ ¡ĒîÊù ìÊ·

 ć½wĊzj ½¹ ā¹wæ¤Åv ¹½Āù Ĉzj Üzwþù ÿ ĈÑv½v û¹Āz ĈúĉºÅ

$ ¢Åv ć¿½ÿwÊí ¡đĀÎ´ùOsati and Nahvinia 2016)#  

 óÿº«.( āw¯ ¢ĊæĊí¾z¹½Āù ćwăÄíĀîöĉÿ ÷v¾ñwĉ¹ è{Õ ¾z ĈÅ½ 
Table 3 The quality of investigated wells according to the Wilcox diagram 

number Point SAR EC Class Qualty for agriculture 

1 Lordegan 0.21 468 1S2C A little salty ï Suitable for agriculture 

2 Brujen 0.43 1325 1S3C 
salt and suitable for agriculture by applying the necessary 

measures 

3 Brujen 0.3 730 1S2C A little salty ï Suitable for agriculture 

4 khanmirza 0.02 570 1S2C A little salty ï Suitable for agriculture 

5 Ardal 0.09 297 1S2C A little salty ï Suitable for agriculture 

6 Ardal 0.41 1577 1S3C 
salt and suitable for agriculture by applying the necessary 

measures 

7 Ardal 0.24 564 1S2C A little salty ï Suitable for agriculture 

8 Ardal 0.38 880 1S3C 
salt and suitable for agriculture by applying the necessary 

measures 

9 Lordegan 0.17 359 1S2C A little salty ï Suitable for agriculture 

10 khanmirza 0.61 304 1S2C A little salty ï Suitable for agriculture 

11 Lordegan 0.4 504 1S2C A little salty ï Suitable for agriculture 

12 khanmirza 0.5 732 1S2C A little salty ï Suitable for agriculture 

13 Brujen 0.19 488 1S2C A little salty ï Suitable for agriculture 

14 Brujen 0.62 350 1S2C A little salty ï Suitable for agriculture 

15 Brujen 0.1 318 1S2C A little salty ï Suitable for agriculture 

16 kiar 0.53 761 1S3C 
salt and suitable for agriculture by applying the necessary 

measures 

17 Ardal 0.86 543 1S2C A little salty ï Suitable for agriculture 

18 khanmirza 0.5 732 1S2C A little salty ï Suitable for agriculture 

19 khanmirza 0.27 715 1S2C A little salty ï Suitable for agriculture 

20 khanmirza 0.26 535 1S2C A little salty ï Suitable for agriculture 

21 khanmirza 0.43 548 1S2C A little salty ï Suitable for agriculture 

22 khanmirza 0.26 559 1S2C A little salty ï Suitable for agriculture 

23 Lordegan 0.44 546 1S2C A little salty ï Suitable for agriculture 

24 Kiar 0.01 350 1S2C A little salty ï Suitable for agriculture 

25 Lordegan 0.53 750 1S3C 
salty ï salt and suitable for agriculture by applying the 

necessary measures for agriculture 

26 Brujen 0.57 641 1S2C A little salty ï Suitable for agriculture 

27 Lordegan 0.81 563 1S2C A little salty ï Suitable for agriculture 

28 Ardal 0.16 264 1S2C A little salty ï Suitable for agriculture 
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øĄùĂê{Õ Ić½wĊzj xj ¢ĊæĊí üĊĊÞ£ ½¹ ôùvĀÝ üĉ¾£ ćºþz

$ Ĉîĉ¾¤îõv ¢ĉvºă ¾ĉ¹wêù ¿v ā¹wæ¤Åv wz ÄíĀîöĉÿEC ÿ #

$ øĉºÅ Ĉz¼« ¢{ÆýSARĈù #)ºþÉwz üĉv ÿ¹ Ăý wĄþ£ ¾z ºÉ½ 

āwĊñ Iºý¾§où Ăîöz Ă«½¹ yÅwþ£ xj v½ ¿v ¾Úý ć½wĊzj ÿ ¾Ċ§m£ 

ûj ¾z ć¾ĉ¼~»Āæý ëw· Ì¸Êù Ĉù)ºý¿wÅ z Ă«Ā£ wz ¾ĉ¹wêù Ă

 ¿v ôÍw³ Ĉîĉ¾¤îõv ¢ĉvºă ¾ĉ¹wêù ÿ øĉºÅ Ĉz¼« ¢{Æý

 Ĉzwĉ¿½v Ăz ÄíĀîöĉÿ ÷v¾ñwĉ¹ ìúí Ăz ĈĉwĊúĊÉ ĂĉÀ¬£

ĂýĀúý ¢ĊæĊí óÿº«$ ºÉ Ă¤·v¹¾~ wă. )# 

ûwúă$ óÿº« ¿v Ăí ½ĀÕ/ĂýĀúý ¾¨ív I¢Åv Ì¸Êù # ½¹ wă

 ā¹ÿº´ùὧί  ½v¾é #ć¿½ÿwÊí ćv¾z yÅwþù ÿ ½ĀÉ Ĉúí$

Ĉùºý¾Ċñ  ć¿½ÿwÊí½¹ ā¹wæ¤Åv ćv¾z xĀ· ¢ĊæĊí ¿v ÿ

Ĉù ½v¹½Ā·¾zĂýĀúý ÿ ºþÉwz ā¹ÿº´ù ½¹ Ăí Ĉĉwăὧί $ ½ĀÉ

ćv¾z ć¿½ÿwÊí wz ¡vºĊĄú£ ówúÝv #÷¿đ Ĉù ½v¾é wz Ăí ºý¾Ċñ

Ĉù yÅwþù ¡vºĊĄú£ ówúÝvûj ¿v ûvĀ£ ć¿½ÿwÊí ćv¾z wă

)¹¾í ā¹wæ¤Åv  Ăê{Õ Ăz Ă«Ā£ wzÇÿ½ Ăz xj ĈæĊí ćºþz 

ā¹v¹ Ĉývÿv¾å ÿ ÄíĀîöĉÿ ¹ÿº³ wă,/*3-" ĂýĀúý ¿v ½¹ wă

 ĈæĊí ā¹ÿº´ùὧί  ûvÀĊù ÿ31*,2" ûj ¿v ā¹ÿº´ù ½¹ wă

 ĈæĊíὧί   )¢Åv ÜévÿBamdadMachiani et al. 

(2014) Ĉzwĉ¿½v Ăz ¢ĊæĊí xjćwă ĈþĊù¿¾ĉ¿ ûw¤Åv ûĒĊñ 

ćv¾z ã½wÎù ć¿½ÿwÊí ÿ ĉw¤ý )ºþ¤·v¹¾~ ¢ÞþÍ ¹v¹ ûwÊý ª

IÄíĀîöĉÿ ÷v¾ñwĉ¹ è{Õ ¾z Ăí xjćwă ĈþĊù¿¾ĉ¿ ĂêÖþù 

yöáv ½¹ āÿ¾ñćwă xĀ· ÿ ÔÅĀ¤ù ½v¾é Ă¤å¾ñ ÿ  ®Ċă

Ĉ¤ĉ¹ÿº´ù ¿v ā¹wæ¤Åv ×w´õ ½¹ È¸z ć¿½ÿwÊí ºý½vºý)  

--.( ¾õĀÉ ÷v¾ñwĉ¹ ÃwÅv ¾z Ĉzwĉ¿½v 

 ÈăÿÂ~ üĉv ½¹ ĈÅ½¾z¹½Āù xj Üzwþù ĈæĊí Ĉzwĉ¿½v ćv¾z

¿v x¾É ã½wÎù ćv¾z  )ºÉ ā¹wæ¤Åv ¾õĀÉ ÷v¾ñwĉ¹Ì·wÉ ¿v-

 ā¹wæ¤Åv wĄýj ¿v xj ¢ĊÞÑÿ ôĊö´£ ćv¾z Çÿ½ üĉv Ăí Ĉĉwă

ĈùĈù ºþíôí IøĉºÅ IøĉÀĊþù IøĊÆöí Ăz ûvĀ£ ±Ēùv óĀö´ù 

½¹ xj IIxj Ĉ¤¸Å Ĉz ÿ ¡wæõĀÅ I¾öí )¹¾z ÷wý ¡wþz¾í Ĉ¤¸Å

ôí  ½¹ĂýĀúý ¿v ā¹wæ¤Åv wz xj ćwă$ ĂÖzv½- )ºÉ Ă{Åw´ù #

ù ¾ĉ¹wêù$ óÿº« ½¹ āºÉ Ă{Åw´/)¢Åv āºÉ ā¹v¹ ûwÊý # 

 óÿº«/( ôí Ĉ¤¸Å ÃwÅv ¾z xj ¢ĊæĊí 
Table 4 Water quality based on total hardness 

Number Point TH (total) Temporary hardness Noncarbonate hardness 

1 Lordegan 218.85 163.5 55.35 

2 Brujen 594.8 523 71.8 

3 Brujen 339.87 305.5 34.37 

4 khanmirza 260.82 225.5 35.32 

5 Ardal 144.98 133.5 11.48 

6 Ardal 719.3 636.5 82.8 

7 Ardal 264.61 240.5 24.11 

8 Ardal 395.43 338.55 56.88 

9 Lordegan 171.2 151 20.2 

10 khanmirza 199.65 196 3.65 

11 Lordegan 233.42 206.5 26.92 

12 khanmirza 327.68 202 125.68 

13 Brujen 229.2 192 37.2 

14 Brujen 169.35 169.35 0 

15 Brujen 275.49 237 38.49 

16 kiar 323.56 216 107.56 

17 Ardal 249.05 249.05 0 

18 khanmirza 327.68 202 125.68 

19 khanmirza 335.35 292 43.35 

20 khanmirza 246.6 171 75.6 

21 khanmirza 236.81 214 22.81 

22 khanmirza 253.58 214.5 39.08 

23 Lordegan 234.87 202 32.87 

24 Kiar 167.86 107 60.86 

25 Lordegan 324.48 270 54.48 

26 Brujen 292.71 250.5 42.21 

27 Lordegan 354.49 354.49 0 

28 Ardal 125.52 100.5 25.02 

ÃĒí ¿v ìĉ ¾ă ºÍ½¹ ćwăĂê{Õ ćºþz ÷v¾ñwĉ¹ ćv¾z ¾õĀÉ

 ½¹ x¾É ã½wÎù$ óÿº« ½¹ ĂÞõwÖù ¹½Āù ā¹ÿº´ù0 ¾í» #

É )¢Åv āºã½wÎù ½¹ ā¹wæ¤Åv ¢Ą« xj ĈæĊí Ĉzwĉ¿½v  x¾É

÷v¾ñwĉ¹ è{Õ ¾z  ¾õĀÉ ëºýv ¡v¾ĊĊâ£ Ăí ¢Åv ûj ¿v Ĉíw³
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 Ăê{Õ ½¹ ĂÞõwÖù ¹½Āù ā¹ÿº´ù ½¹ ¡wæõĀÅ ÿ ¾öí IøĉºÅ

¢å¾ñ ºăvĀ· ½v¾é xĀ·. Ċù üĊþ°úă ÿ óĀö´ù ±Ēùv ûvÀ

ĂýĀúý ½¹ xj ôí Ĉ¤¸Å IxĀ· Ăê{Õ ĂÅ ½¹ āºÉ ûĀù¿j ćwă

ôzwéĂ¤Å¹ ÔÅĀ¤ù ÿ óĀ{éāºÉ ćºþz)¢Åv Ĉù v¼õ ¢æñ ûvĀ£

ìúý ¢Úöá ûvÀĊù Ĉ£wÞõwÖù ā¹ÿº´ù üĉv ½¹ ÿ óĀö´ù ćwă

üĊĊÞ£ Iôí Ĉ¤¸Å  )¹Āz ºăvĀ· x¾É xj ¢ĊæĊí āºþþí

 xj ôí Ĉ¤¸Å ÿ óĀö´ù ćwĄîúý ûvÀĊù üĊþ°úăĂýĀúý ½¹

ôzwé IxĀ· Ăê{Õ ĂÅ ½¹ āºÉ ûĀù¿j ćwă ÔÅĀ¤ù ÿ óĀ{é

Ă¤Å¹āºÉ ćºþzºýv )Ige et al. (2017) Ăz ĈÅ½¾z Þ£ĊĊü 

yÅwþù û¹Āz Üzwþù ĂêÖþù xj vĉz¾áĀĈ ýĊ¾¬ĉĂ v¾zć ãvºăv 

x¾É ÿ ¿½ÿwÊíć  wz ¿v ā¹wæ¤Åv-+ ĂýĀúý xj Üú«½ÿjć āºÉ 

¿v āw¯wă  )ºþ¤·v¹¾~w¤ýĉª ûwÊýāºþă¹ yÅwþù û¹Āz ¾¨ív 

ĂýĀúýwă v¾zć zjĊ½wć )¢Åv x¾É ÿ 

óÿº« 0( ÃĒí ¿v ìĉ ¾ă ºÍ½¹Ăê{Õ ćwăºþzć  ćv¾z ¾õĀÉ

ā¹ÿº´ù ôí ½¹ x¾É ã½wÎù 
Table 5 The percentage of each of Schuler 

classification for drinking purposes in the entire area 

Class TDS TH pH Na Cl 4SO 

Good 67.86 46.4 75 100 100 100 

Acceptable 25 46.4 17.9 0 0 0 

Medium 7.14 7.14 7.14 0 0 0 

Unsuitable 0 0 0 0 0 0 

Unpleasant 0 0 0 0 0 0 

Undrinkable 0 0 0 0 0 0 

 óÿº«1( Ĉ¤ÞþÍ ã½wÎù ćv¾z xj ¢ĊæĊí 

Table 6 Water quality for industrial use  

Number Point pHc pH pH-pHc Water quality for industrial use 

1 Lordegan 7.6 7.78 0.18 sedimentation 

2 Brujen 6.8 7.82 1.02 sedimentation 

3 Brujen 7.2 7.79 0.59 sedimentation 

4 khanmirza 7.4 7.91 0.51 sedimentation 

5 Ardal 7.08 7.87 0.79 sedimentation 

6 Ardal 6.7 7.28 0.58 sedimentation 

7 Ardal 7.4 7.38 -0.02 corrosive 

8 Ardal 7.1 7.22 0.12 sedimentation 

9 Lordegan 7.7 7.83 0.13 sedimentation 

10 khanmirza 7.9 7.98 0.08 sedimentation 

11 Lordegan 7.5 7.89 0.39 sedimentation 

12 khanmirza 7.4 7.26 -0.14 corrosive 

13 Brujen 7.584 7.6 0.016 sedimentation 

14 Brujen 7.6 7.84 0.24 sedimentation 

15 Brujen 7.5 8.79 1.29 sedimentation 

16 kiar 7.4 7.84 0.44 sedimentation 

17 Ardal 7.3 7.71 0.41 sedimentation 

18 khanmirza 7.4 7.26 -0.14 corrosive 

19 khanmirza 7.2 7.96 0.76 sedimentation 

20 khanmirza 7.7 7.61 -0.09 corrosive 

21 khanmirza 7.5 7.99 0.49 sedimentation 

22 khanmirza 7.5 7.79 0.29 sedimentation 

23 Lordegan 7.6 7.71 0.11 sedimentation 

24 Kiar 7.8 7.15 -0.65 corrosive 

25 Lordegan 7.6 7.4 -0.2 corrosive 

26 Brujen 7.3 7.91 0.61 sedimentation 

27 Lordegan 7 8.32 1.32 sedimentation 

28 Ardal 8 7.82 -0.18 corrosive 

      

.-.( ¾öĉÂýđ Ì·wÉ ÃwÅv ¾z Ĉzwĉ¿½v 

 xj ā¹wù Ĉ£wĊ³ ÜĉwþÍ ºþýwù Ić¿wÅ¼áwí Ĉ«wÆý ÿ 

ć¿wÅÿ½v¹  ¢Åv Ăí ½¹ yĊí¾£ ºĊõĀ£ I½¹ ā¹wùjć¿wÅ ¹vĀù ÿ wĉ 

½¹ ¹¾Å û¹¾í āwò¤Å¹wă Ăz ½wí Ĉù¹ÿ½) Ĉzj Ăí ¢ÞþÍ ½¹ 

¹½Āù ā¹wæ¤Åv ½v¾é Ĉù¹¾Ċñ ĈùºývĀ£ ¢õw³ āºý½Ā· ÿ wĉ 

xĀÅ½½v¼ñ Ă¤Év¹ ºÉwz Ăí ¾ă ÿ¹ ¡v¾§v ĈzĀöÖùwý v½ ½¹ 

āwò¤Å¹wă ÿ ¡wÆĊÅm£ Ĉ¤ÞþÍ ÿ üĊþ°úă ¢ĊæĊí ºĊõĀ£ 

ºþăvĀ· øĄù Ăí w¬ýj ¿v )¢Év¹üĉ¾£ ¾¤ùv½w~ üĊĊÞ£ ¢ĊæĊí xj 

ćv¾z ã½wÎù Ĉ¤ÞþÍ ĈÅ½¾z ĂöuÆù Ĉñºý½Ā· ÿ xĀÅ½½v¼ñ 

û¹Āz ½¹ Ăî{Éćwă xjĈýwÅ½ ÿ ¡wÆĊÅm£ Ĉ¤ÞþÍ  )¢Åv ½¹
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 ÈăÿÂ~ üĉvćv¾z ĈÅ½¾zćwă ĈĉwĊúĊÉ ĂýĀúýć ½¹ xj 

È¬þÅ ôĉwú£ Ăz xĀÅ½ć½v¼ñ wĉ ¿v ¢ÞþÍ ½¹ Ĉñ¹½Ā· 

$ ¾öĉÂýđ Ì·wÉLSI # Ì·wÉ Ă{Åw´ù ªĉw¤ý )ºÉ ā¹wæ¤Åv

Ċù¿¾ĉ¿ y¸¤þù Üzwþù ćv¾z ¾öĉÂýđ ½¹ Ĉ£wÞõwÖù ā¹ÿº´ù ½¹ Ĉþ

$ óÿº«1¾í» # )¢Åv āºÉ 

 óÿº« Ăz Ă«Ā£ wz$1#  Ì·wÉ Ăþùv¹ LSI  ¾òýwĉwúý ôĉwú£

āºúÝ È¸z Ăz Ĉ£wÞõwÖù ā¹ÿº´ù ½¹ ûĀù¿j ¹½Āù Üzwþù ¿v ćv

xĀÅ½ wĄþ£ ÿ ā¹Āz ć½v¼ñ-0" ĂýĀúý ¿vwăĈñ¹½Ā· Ăz ôĉwú£ I 

 Ĉ¤ÞþÍ ¡wÆĊÅm£ ÿ ¡vÀöå ºý½v¹ Ì·wÉ üĉv û¹Āz ¢{¨ù

ý ¡½ÿw¬ù ½¹ Ĉ£wþz¾í ćwăºý¿wÅ óĒ´ýv ÿ ¹Ā«ÿ ¾òýwÊ

¢Åv ĂÞõwÖù ¹½Āù ā¹ÿº´ù āw¯ ¾ă ûvĀ¸zj ))Jahangir and 

Soltani (2019 ¢ĊæĊí ĈÅ½¾z Ăz xjćwă Ĉ´ÖÅ ĂêÖþù 

xĀþ« ûw¤Åv Ĉz¾á ûw¤ÆĊÅ ÿ ûw¤Æ¯Āöz ¿v ¾Úý Ix¾É 

¢ÞþÍ ÿ  Ĉùwú£ xj Ăí ¹v¹ ûwÊý ªĉw¤ý )¢·v¹¾~ ć¿½ÿwÊí

āwò¤ÆĉviÀ« wă ÃĒí ¿v Ĉîĉćwă 1S2C I1S3C  ÿ2S3C  ½v¾é

 āwò¤Æĉv ĂÅ ½¹ ¢ÞþÍ ćv¾z IyÅwþù ć¿½ÿwÊí ćv¾z ÿ Ă¤å¾ñ

āwò¤Æĉv Ĉêzwù ÿ ó¹wÞ¤ù ¢ĊÞÑÿ ½¹xĀÅ½ ¢õw³ wă ÿ ½v¼ñ

 ½¹ ¾ÍwþÝ ĂĊêz øĊÆöí ¿v ¾Ċá Ăz x¾É ćv¾z ÿ āºý½Ā·

ôzwé w£ xĀ· ā¹ÿº´ù½v¾é óĀ{é Ă¤å¾ñ)ºýv 

/-.( ĂÊêýĂþĄ~ ćwăćºþz 

 wz ĂÞõwÖù ¹½Āù ā¹ÿº´ù ½¹ ¡v¾ĊĊâ£ ûºÉ Ì¸Êù ¾¤Ąz ćv¾z

û¿ÿ ÿ ðþĊ¬ĉ¾í Çÿ½ ¿v ā¹wæ¤ÅvÄîÝ Ĉă¹ $ ĂöÍwåIDW #

 ćwă¾¤ùv½w~ Ĉýwîù ¡v¾ĊĊâ£ ĂÊêýEC ̪TDS ̪Na ̪Cl ̪

TH ̪Ὓὕ ̪SAR ¾öĉÂýđ Ì·wÉ Ĉýwîù ¡v¾ĊĊâ£ ÿ  ćv¾z

 ĂÞõwÖù ¹½Āù ā¹ÿº´ùwz ā¹wæ¤Åv ¿v ÷¾ý½vÀåv  ArcGIS 

10.5£ øĊÅ¾É )º ã½wÎù ćv¾z xj ¢ĊæĊí ĈÅ½¾z ½¹

ĂÊêý ÃwÅv ¾z ÿ ć¿½ÿwÊíĂþĄ~ ćwă ćºþzSAR  ÿEC  ½¹

Ĉù āºăwÊù Ĉ£wÞõwÖù ā¹ÿº´ù ¡v¾ĊĊâ£ Ăí ¹ĀÉSAR  ½¹

 )¢å¾ñ ºăvĀ· ½v¾é ĈõwÝ Ăê{Õ ½¹ ÿ ā¹Āz ÀĊ¯wý Ĉ£wÞõwÖù ĂþĄ~

Ĉù Ĉîĉ¾¤îõv ¢ĉvºă ¡v¾ĊĊâ£ ½ĀÚþù üĊúă Ăz w£ ºývĀ£

ê{Õ ćwĉĀñ ć¹ÿº³Ă ôí ½¹ xj ĈĉwĊúĊÉ ¢ĊæĊí ćºþz

 xĀ· Ăê{Õ ÿ¹ ½¹ ć¿½ÿwÊí ã¾Îù ćv¾z ā¹ÿº´ù1S2C  ÿ

ÔÅĀ¤ù 1S3C ûÿ½¹ Çÿ½ ÿ¹ ĂÆĉwêù ½¹ )ºÉwz ðþĊ¬ĉ¾í Ĉzwĉ

û¿ÿ ÿÄîÝ Ĉă¹  ÷v¾ñwĉ¹ Ăz ÓĀz¾ù ćwă¾¤ùv½w~ ½¹ ĂöÍwå

Ĉù IÄíwîöĉÿ$ ðþĊ¬ĉ¾í Çÿ½ ¢æñ ûvĀ£RMSE=0.31 

 ćv¾zEC  ÿRMSE=0.215  ćv¾zSAR~ #ĂþĄ ćºþz

èĊé¹û¿ÿ Çÿ½ Ăz ¢{Æý v½ ć¾£ÄîÝ Ĉă¹  ĂöÍwå

RMSE=0.44 v¾zć EC ÿ RMSE=0.26 v¾zć SAR# 

ôîÉ$ ¢Åv Ă¤Év¹ćwă .  ÿ/ )# 
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 ôîÉ.( wîù ¡v¾ĊĊâ£ ĂÊêý ćwă¾¤ùv½w~ ĈýEC ITDS INa ICl I4SO  ÿSAR ÄîÝ Ĉă¹ û¿ÿ Çÿ½ wz  ĂöÍwå 

Fig. 3 Map of spatial changes of EC, TDS, Na, Cl, SO4, and SAR parameters by inverse distance weighting  
 

      

      

      
 ôîÉ/( wîù ¡v¾ĊĊâ£ ĂÊêý ćwă¾¤ùv½w~ ĈýEC ITDS INa ICl I4SO  ÿSAR  Çÿ½ wzðþĊ¬ĉ¾í 

method , and SAR parameters by kriging4Map of spatial changes of EC, TDS, Na, Cl, SO 4. Fig 

Ăz ½¹ Ĉzw¸¤ýv Üzwþù xj ĈĉwĊúĊÉ ¢ĊæĊí ĈÅ½¾z ½ĀÚþù

 IøĉºÅ ¾¤ùv½w~ ªþ~ Ix¾É ã½wÎù ćv¾z Ĉ£wÞõwÖù ā¹ÿº´ù

ìúý I¡wæõĀÅ I¾öíĂê{Õ ôí Ĉ¤¸Å ÿ óĀö´ù ćwă ćºþz

 )ºýºÉĂÊêýćwă ĂþĄ~ćºþz $ ôîÉ ½¹0 #ûvÀĊù Ĉ¤¸Å xj 

ĈþĊù¿¾ĉ¿ v½ ½¹ È¸zĈ£wÞõwÖù ā¹ÿº´ù Ĉz¾á ÿ ćÀí¾ù ćwă 

üĊĉw~ ûj Ówêý ¾ĉwÅ Ăz ¢{ÆýĈù ûwÊý ¾£ºă¹)  ÿ¹ ĂÆĉwêù ½¹

ûÿ½¹ Çÿ½û¿ÿ ÿ ðþĊ¬ĉ¾í ĈzwĉÄîÝ Ĉă¹ ĂþĄ~ ½¹ ĂöÍwå-

 ¾¤úí ćwÖ· wz ðþĊ¬ĉ¾í Çÿ½ Ixj Ĉ¤¸Å ûvÀĊù ćºþz
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Fig. 5 Map of the spatial changes of TH (water hardness) dran using a) inverse distance weighting method and 

b) Kriging method) 
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Fig. 6 Map of the spatial changes of the Langelier index using: a) inverse distance weighting method and b) 

Kriging method 
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