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Abstract: 
Background and Aim: It is possible to identify the areas of plains that are highly vulnerable 
to contaminating wells by modeling, integrating, and developing indicators. The presence of 
polluting points in these areas will bring and intensify the risk of contamination of wells. The 
main goal of this research is to develop and provide a new index to determine the vulnerable 
levels around the wells that can cause the pollution of drinking and agricultural wells and, 
consequently, the pollution of the aquifer. In this research, the combination of point pollutant 
sources density was used as a risk index and well capture zones as a vulnerability index. This 
method is more accurate than other methods because it takes into account features such as 
discharge, natural damping, soil, aquifer hydraulic conductivity, land use, landcover, and 
distribution of wells, and it is a combination of vulnerability index and risk index. 
Method: In the present research, the vulnerability of Meshgin shahr’s plain’s aquifer with an 
area of 614 square kilometers is estimated using the combination of two factors of the density 

of polluting sources in the areas of the rivers and the well capture zones. First, the density of 

point pollution sources such as industries, villages, gas stations, as an index of potential 
polluting sources in Mashgin Shahr’s plain’s rivers is determined by Karnal method in GIS 
environment. Then, numerical modeling is done to determine the well capture zones using 
MODFLOW and MODPATH models. The statistical data of 10 years from 2011 to 2020 is 
divided into three categories. The first 8 years are used for the calibration, and the last 2 years 
were used for model validation. Modeling was performed for stable state. Then the 
parameters of hydraulic conductivity, recharge and anisotropy are subjected to sensitivity 
analysis. In the next step, using the MODPATH model and based on the results of the 
MODFLOW model, well capture zones or areas with high vulnerability are estimated in 
different periods. By combining the density layer of point pollutants in the rivers’ protection 
area and well capture zones, the developed pollution index of the plain is obtained.  
Results: The density of pollutants in the region varied from zero to 0.998 items per square 
kilometer, so that the highest density is in the southwest of the plain, around the important 
cities of the region. In 16% of the total surface of the plain, there is no capture of pollution by 
wells. The final capture with 25% of the plain has the largest share and the 10-year capture 
with less than 1% of the plain has the lowest share. The results of the final index shows that 
the entire level of the plain is in the range of low risk, and about 50% of the level of the 
Meshgin’s plain is in the range of low vulnerability. The results of this index are validated 
based on the density of two important pollutants, nitrate and chloride, which have a positive 
correlation with the vulnerability index. Two potential pollutants are selected as accuracy 
parameters to confirm the result of the index developed in this research. Nitrate is considered 
in rural and agricultural areas, which are affected by agricultural fertilizers and sewage. 
Chloride also indicates pollution in industrial and commercial places. The results show that 
the relationship between the two parameters of chlorine and nitrate is almost linear, so that 
the Pearson correlation coefficient for nitrate is 0.58 and for chloride is 0.49.  
Conclusion: The results of this research indicated that in the plains’ management in order to 
protect the wells’ water quality, the combination of the risk index of point pollutants in the 
rivers and the vulnerability of the well capture zones can play an important role, and in the 
industrial development of Mashgin Shahr plain, priority should be given to areas with lower 
risk. Due to the fact that there are no industrial towns or units in Mashgin Plain, it is not 
possible to evaluate the risk classes of this index with the spatial changes of groundwater 
pollution, and it is recommended that this index be used and evaluated in industrial plains . 
The index presented in this research is simpler compared to other developed indices in the 
field of aquifer pollution, however; for more accuracy, the weight of the effect can be 
determined for any point or non-point pollutant, or other parameters can be used 
Keywords: Aquifer vulnerability, Point pollutions, Well Capture Zone, Meshgin Shahr

https://portal.issn.org/resource/ISSN/2251-7480
https://portal.issn.org/resource/ISSN/2251-7400
https://wsrcj.srbiau.ac.ir/
mailto:iauwsrcj@srbiau.ac.ir
mailto:iauwsrcj@gmail.com


  

 

 
 2251-7480شاپا چاپي: 

 2250-7400شاپا الکترونيکي: 

 

 

 حفاظت منابع آب و خاك هينشر

 

 

 آدرس تارنما:
https://wsrcj.srbiau.ac.ir 

 

 :کيپست الکترون
iauwsrcj@srbiau.ac.ir 

iauwsrcj@gmail.com 

 

 

 

 

 دوازدهم سال

 (48چهار ) شماره

 1402 تابستان
 

 

 

 تاريخ دريافت:
11/01/1401    

 

 تاريخ پذيرش:
21/10/1401 

 

 29-41 ات:صفح
 

 

 

 

 
 

 
 

 

 

 

 

 پژوهشيمقاله 

 10.30495/wsrcj.2023.71198.11340 

 

*  

 

*
h.saadati@iauardabil.ac.ir

 

GISMODFLOWMODPATH

MODPATHMODFLOW

  ٔ

https://wsrcj.srbiau.ac.ir/
mailto:iauwsrcj@srbiau.ac.ir
mailto:iauwsrcj@gmail.com


   ...سازي رياضي اي در سطوح گيرش چاهها با رويکرد مدل توسعه شاخص آلودگي منابع نقطه 

 

 

 

ل 
سا

از
دو

هم
د

 / 
ره

ما
ش

 4 (
48 ) /

ان
ست

تاب
 

14
02

  

(Saadati 

et al ., 2020) 

(Rahmati et al., 2022)

 

Connell & Daele. 2003Chowdhury et al., 2003 ;

Chowdhury et al., 003;Abbasi et al..2021

MODFLOW

MODPATHNobre et al., 2007

Nobre et al., 2004) 

      

          

Modflow      

MODPATH      

        GIS 

         

         

   

Jodvi & Khazaei, 2015

DRASTICSINTACS 

(Nadiri et al., 2018)

Mitra & Chowdhury.2019; 

Farhadi et al., 2020)

(Ghomi Avili. & Makaremi.2020)

RQ

BODCOD

TSSNH3

RMA

RMA

GISMohtar et 

al., 2019

(Saadati et al., 2020)

(ML) 

 k-Neighborhood (KNN)

 (ERT)  Bagging (BA) 

 DRASTIC-LU 

 Miryang 

 BA  

GPVI  KNN  ERT 



 و همکاران يدراوغليح/  32

 

ل 
سا

از
دو

هم
د

 / 
ره

ما
ش

 4 (
48 ) /

ان
ست

تاب
 

14
02

  

 ML 

Elzain et al., 2022. 

 (AHP) 

 

Ad-Hoc 

Samadi, 2022 

Staboultzidis et al., 

2017

Saadati.2015

GIS.

Johnston et al., 2001

6

-

Kernel Density

Silverman.2018

1

(1)

𝐷𝑒𝑛𝑠𝑖𝑡𝑦 =
1

(𝑟𝑎𝑑𝑖𝑢𝑠)2
∑ [

3

𝜋
. 𝑝𝑜𝑝𝑖 (1 − (

𝑑𝑖𝑠𝑡𝑖

𝑟𝑎𝑑𝑖𝑢𝑠
)

2
)

2

]𝑛
𝑖=1                                                              

𝑓𝑜𝑟 dist𝑖 < 𝑟𝑎𝑑𝑖𝑢𝑠 

𝑖 𝜖 ℕ

 (x,y) .

𝑝𝑜𝑝𝑖  management 

.

𝑑𝑖𝑠𝑡𝑖  i  (x,y) .

ModflowMcdonald & Harbaugh.1996

MODPATHPollock.1989



   ...سازي رياضي اي در سطوح گيرش چاهها با رويکرد مدل توسعه شاخص آلودگي منابع نقطه 

 

 

 

ل 
سا

از
دو

هم
د

 / 
ره

ما
ش

 4 (
48 ) /

ان
ست

تاب
 

14
02

  

-

Journel & Huijbregts.1978Bachmaier & Backes, 

2008

GIS

MODFLOW

MODPATH

Bakhtiari 

Enayat. 2015 

         

      

       

        

          

          

           

         

      PESTGMS

     

Ghadir et al., 2020

WCPPI = (Wells Capture zone) 

×  (Point Pollution )

( )  

 Nobre. 

2007

  

WCPPI 

 



 و همکاران يدراوغليح/  34

 

ل 
سا

از
دو

هم
د

 / 
ره

ما
ش

 4 (
48 ) /

ان
ست

تاب
 

14
02

  

GIS

Nobre.2007

Melloul & Collin.1998;Bear & 

Cheng.2010

.

.(Saadati et al., 2009; Gudari. 2011)



   ...سازي رياضي اي در سطوح گيرش چاهها با رويکرد مدل توسعه شاخص آلودگي منابع نقطه 

 

 

 

ل 
سا

از
دو

هم
د

 / 
ره

ما
ش

 4 (
48 ) /

ان
ست

تاب
 

14
02

  

GIS

PPSI  

  
 



 و همکاران يدراوغليح/  36

 

ل 
سا

از
دو

هم
د

 / 
ره

ما
ش

 4 (
48 ) /

ان
ست

تاب
 

14
02

  

 

 

(WI) 

MODFLOW

 

       

   GMS       

     

      

          

        

RMSE

        

    

     

PEST   

 

      

  

    

MODPATH  

 MODFLOW  

 .(Pollock.2012    

         

       

      

         

  .



   ...سازي رياضي اي در سطوح گيرش چاهها با رويکرد مدل توسعه شاخص آلودگي منابع نقطه 

 

 

 

ل 
سا

از
دو

هم
د

 / 
ره

ما
ش

 4 (
48 ) /

ان
ست

تاب
 

14
02

  

 (RCH) (HK)  (HANI)

      

         

     

        

        

  

     

      

  .

Nobre.2007

 

 km km

km2 

5 1.4  485.15 103.35 1825  

10 0.031 9.93 0.02 3650  

20 1.94 633.54 114.97 7300  

50 1.59 520.18 86.07 18250  

100 1.14 373.15 57.11 36500  

 1.60 521.07 155.15   

Non- - 97.58 - 

0

500

1000

1500

2000

2500

3000

3500

4000

4500
Se

n
si

ti
vi

ty
 

Parameter Name 

Sensitivity Analysis 



 و همکاران يدراوغليح/  38

 

ل 
سا

از
دو

هم
د

 / 
ره

ما
ش

 4 (
48 ) /

ان
ست

تاب
 

14
02

  

    

(WCPPI)

GIS

Powell et 

al.,2003Silverman.2018; Staboultzidis et al., 

2017

 Arc GIS

Gudari. 2011

Y=a+bx                                                   

 

a b    

9.46 13.458.23 0.49 1.29
3.25 6.81 1.28(x) 

1.67 19.9140.32 0.58 5.26 
22.19 35.39 10.46  (x) 

  
- - 31.7 

38.7 99.55 1.62  (y) 



   ...سازي رياضي اي در سطوح گيرش چاهها با رويکرد مدل توسعه شاخص آلودگي منابع نقطه 

 

 

 

ل 
سا

از
دو

هم
د

 / 
ره

ما
ش

 4 (
48 ) /

ان
ست

تاب
 

14
02

  

 

   

 

 
 WCPPD )

 Jodvi & 

Khazaei.2015       

 

Worrall & Kolpin. 

2003

Nobre.2007

(Saadati et al., 2020)

GIS

ppm)

ppm)

 



 و همکاران يدراوغليح/  40

 

 

 

ل 
سا

از
دو

هم
د

 / 
ره

ما
ش

 4 (
48 ) /

ان
ست

تاب
 

14
02

  

  10.30495/WSRCJ.2022.20322 

 

Reference: 

Abbasi, A., Taghavi, L., & Sarai Tabrizi, M. (2021). Qualitative Zoning of Groundwater to Assessment 

Suitable Drinking Water Using GIS Software in Mohammad Shahr, Meshkinshahr, and Mahdasht in 

Alborz Province. Anthropogenic Pollution, 5(1), 138-149.

Aller, L., Lehr, J. H., Petty, R. & Bennett, T. (1987). Drastic: a standardized system to evaluate ground water 

pollution potential using hydrogeologic settings. Journal of Geological Society of India, 29(1), pp 622  

Bachmaier, M., & Backes, M. (2008). Variogram or semivariogram? Understanding the variances in a 

variogram. Precision Agriculture, 9(3), 173-175.  

Bakhtiari Enayat, B., Malekian, A., & Selajqa, A. (2015). Assessment of groundwater vulnerability using 

combined methods in modified stick, logistic regression and drastic hierarchical analysis (Hashtgerd plain). 

Iran Water and Soil Research (Agricultural Sciences of Iran), 47(2), 269-279. [In Persian] 

Bear, J., & Cheng, A. H.-D. (2010). Modeling groundwater flow and contaminant transport (Vol. 23): 

Springer. 

Chowdhury, S.H., Kehew, A.E., Passero, R.N., (2003). Correlation between nitrate contamination and 

groundwater pollution potential. Ground Water, 41 (6), 735–745. 

Connell, L.D., Daele, G., (2003). A quantitative approach to aquifer vulnerability mapping. Journal of 

Hydrology, 276(1-4), 71–88. 

Elzain, H. E., Chung, S. Y., Venkatramanan, S., Selvam, S., Ahemd, H. A., Seo, Y. K., . . . Yassin, M. A. 

(2022). Novel machine learning algorithms to predict the groundwater vulnerability index to nitrate 

pollution at two levels of modeling. Chemosphere, 13 (1), 71-76. 

ESRI (Environmental Systems Research Institute Inc). (2018). Understanding GIS the ArcInfo Method: 

Redland, California. ESRI Press. 

Farhadi, H., Fataei, E., & Kharrat Sadeghi, M. (2020). The Relationship between Nitrate Distribution in 

Groundwater and Agricultural Landuse (Case study: Ardabil Plain, Iran). Anthropogenic Pollution, 4(1), 

50-56. 

Ghadir Zamani, M., Moridi, A., & Yazdi, J. (2020). Determining the Groundwater Quality Protection Zone 

by Considering the Vulnerability of Aquifer, Iran-Water Resources Research, 16(1):1-16. [In Persian] 

Ghomi Avili, F., & Makaremi, M. (2020). Predicting Model of Arsenic Transport and Transformation in Soil 

Columns and Ground Water Contamination (Case study: Gorgan Plain, Iran). Anthropogenic Pollution, 

4(1), 57-64.

Gudari, M. (2011). Mathematical models of groundwater, GMS model applied training. Volume 1. Simay-e-

Danesh-e-Tehran. 270 PP. [In Persian] 

Journel, A.G., Huijbregts, C.J., (1978). Mining Geostatistics. New York: Academic Press  

Jodvi, A., & Khazaei, P. (2015). Presenting a new method for assessing the risk of contamination of 

underground water sources based on geographic information system and numerical modeling. Iranian 

Journal of Irrigation and Drainage, 10(2), 241-251. [In Persian] 

Johnston, K., Ver Hoef, J. M., Krivoruchko, K., & Lucas, N. (2001). Using ArcGIS geostatistical analyst 

(Vol. 380): Esri Redlands. 

Meshgin Regional Water Company, (2017), Semi-detailed studies of Meshgin plain watershed and water 

year balance period 1986-2017, volume five of Meshgin plain underground water table model. Quds Niro 

Consulting Engineers Co. 182 pp. [In Persian] 

Nadiri AA, Akbari E, Abbas Novinpour E, Gharekhani M. 2020.  Assessment of Khoy Aquifer Vulnerability 

Using a Combined Method. Water and Irrigation Management.9 (2):251-62. 

Mcdonald, M.C., Harbaugh, A.W., (1996). MODFLOW-96-Use’'s Documentation for MODFLOW-96. An 

Update to the U.S. Geological Survey Modular Three-dimensional Finite Difference Groundwater Flow 

Model. Open-File Report: 96–485. 

Melloul, A.J., Collin, M., (1998). A proposed index for aquifer water quality assessment: the case of Israe’'s 

Sharon region. Journal of Environmental Management, 54(2), 131–142. 

Mitra, A., & Chowdhury, B. (2019). Identifying Anthropogenic Factors of Groundwater Pollution through 

Students’ Opinion in Rural West Bengal. Anthropogenic Pollution, 3(2), 49-59. 

 Mohtar, W. H. M. W., Maulud, K. N. A., Muhammad, N. S., Sharil, S., & Yaseen, Z. M. (2019). Spatial and 

temporal risk quotient-based river assessment for water resources management. Environmental 

Pollution, 248, 133-144. 

Nobre, R.C.M., Nobre, M.M.M., (2004). Natural attenuation of chlorinated organics in a shallow sand 

aquifer. Journal of Hazardous Materials, 110(1-3), 129–137. 

Nobre R.C.M., Rotunno Filho O.C., Mansur W.J., Nobre M.M.M., Cosenza C.A.N. (2007). Groundwater 

vulnerability and risk mapping using GIS, modeling and a fuzzy logic tool. Journal of Contaminant 

Hydrology, 94(3-4), 277–292. 

https://dx.doi.org/10.30495/wsrcj.2022.20322
https://dx.doi.org/10.30495/wsrcj.2022.20322


   ...سازي رياضي اي در سطوح گيرش چاهها با رويکرد مدل توسعه شاخص آلودگي منابع نقطه 

 

 

 

ل 
سا

از
دو

هم
د

 / 
ره

ما
ش

 4 (
48 ) /

ان
ست

تاب
 

14
02

  

Pollock, D.W., (1989). MODPATH—a computer program to complete and display pathlines using results 

from MODFLOW. Open-File Report. U.S. Geological Survey, Reston, VA, pp. 89–381. 

Powell, K.L., Taylor, R.G., Cronin, A.A., Barrett, M.H., Pedley, S., Sellwood, J., Trowsdale, S.A., Lerner, 

D.N., (2003). Microbial contamination of two urban sandstone aquifers in the UK. Water Research, 37(2), 

339–352. 

Rahmati, H., farshchi, P., & Pournoori, M. (2022). Zoning of the southern coastal region of the IRAN based 

on Pollution of water resources (Case study: Minoo Island). Anthropogenic Pollution, 6(1), 100-108. 

Saadati, H. (2015). Evaluation of paleoclimatic changes with the help of chlorine chemical tracer in the 

sediments of the unsaturated region of Ardabil plain. Watershed Engineering and Management, 8(3), 310-

321. [In Persian] 

Saadati, H., Sharifi, F., Mahdavi, M., Ahmadi, H., & Mohseni Saravi, M. (2009). Determining Origin of 

groundwater recharge resources, drought and wet periods by isotopic tracers in Hashtgerd plain. Journal of 

Range and Watershedmanagementt, 62(1), 

Saadati, H., Malekian, A., & moghaddamnia, A. (2020). Assessment of Vulnerability Index and Risk Zoning 

in Ardabil Plain. Water and Irrigation Management, 10(1), 157-171. doi:10.22059/jwim.2020.298424.770 

Samadi, J. (2022). Modelling hydrogeological parameters to assess groundwater pollution and vulnerability 

in Kashan aquifer: novel calibration-validation of multivariate statistical methods and human health risk 

considerations. Environmental Research, 21(1), 113028. 

Silverman, B. W. (2018). Density estimation for statistics and data analysis: Routledge. 

Staboultzidis, A.-G., Dokou, Z., & Karatzas, G. P. (2017). Capture zone delineation and protection area 

mapping in the aquifer of Agia, Crete, Greece. Environmental Processes, 4(1), 95-112.  

Worrall, F., Kolpin, D.W., (2003). Direct assessment of groundwater vulnerability from single observations 

of multiple contaminants. Water Resources Research, 39 (12), 1345–1352. 

                                                 
1
 Nobre 

2  Wells Capture and Pollution Point Index (WCPPI) 
3  Well Capture Index (WCI) 
4  Kernal Density 
5 Point Pollution Source Index (PPSI) 
6 Zonal Statistics 
7 Hydrolic Conductivity (HK) 
8 Sensitivity analysis 
9 Capture zone 
10 PPSI 
11 rootmeansquare error (RSME)  
12 Mean Absolute Error (MAE) 
13 anisotrapy 
14 Multi Variate 

https://www.mlglossary.ir/m/mean_absolute_error_(mae)/

