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May 25, 2021 high technical expertise therefore, finding a method for estimating the
Available online: hydrochemical variables with the minimum sampling is essential. The aim of

June 25, 2023 research is to determine the optimal number of sampling wells in Khanmirza plain

in Chaharmahal and Bakhtiari. For this purpose, seven water quality variables
including SAR, EC, pH, TH, TDS and the sum of anions and cations in 19 wells
were used for the period 1991 to 2011. At the first, based on the RMSE values the
best geostatistical method for zoning each variable is selected. Then semi-
Keywords: variogram curves were used for calculating the radius of influence (ROI) in all
Groundwater, Quality | wells. The minimum numbers of wells based on the ROI overlap were determined
monitoring network, | for estimating the plain hydrochemical variables. The results showed that water

Quality variable, - sampling from one well can estimate the pH mean in Khanmirza plain, carefully.
Geostatistical ~ Analysis, = Also, for estimating the SAR variable 3 wells, for the sum of anions and total
Kriging cations 4 wells and for the variables EC, TDS and TH only 5 wells are enough.

The results of two-tailed t-test also showed the ability of proposed wells to
estimate the studied variables in the plain. Therefore, it can be concluded that in
special cases that necessary and immediate information on groundwater quality
in Khanmiza plain is required, by sampling from proposed wells instead of 19
wells, can estimate the hydrochemical variables.

1.  Introduction

Groundwater management is recognized as critical to supporting the long-term viability of aquifers,
especially in the arid and semi-arid areas like most parts of Iran. Groundwater pollution occurs
when pollutants are released to the ground and make their way into groundwater. Ground water
contamination is always the result of human activity.

Agricultural chemicals (including chemical fertilizers and pesticides), urbanization and industrial
development are the main groundwater pollution sources.
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Water pollution is one of the biggest threats to human life, especially in developing countries where the
issue of water pollution is not taken seriously. Given that groundwater has been created for hundreds
or thousands of years, it can cause irreparable damage to these valuable water resources if only the use
and exploitation of groundwater resources is considered regardless of their pollution.

Due to groundwater plays an important role in our agriculture and thus food production, water pollution
can be considered as the biggest threat to the country's water resources after drought. Failure to pay
attention to the issue of groundwater pollution can pose a serious threat to the country's water resources
in the long time. Because ground water generally moves slowly, contamination often remains
undetected for long periods of time.

Given that groundwater pollution can affect human health, therefore continuous quality monitoring is
very important. Monitoring programmes for groundwater quality are very expensive and time-
consuming, therefore a fast and inexpensive method can improve the management of groundwater
quality. Geostatistical methods and GIS which are mostly used to explain spatial patterns and
interpolate values can be useful tools in this regard. Therefore, the current research was conducted to
find a way to measure the water quality of Khanmirza plain in Chaharmahal Bakhtiari by means of
Geostatistical methods.

2. Materials and Methods

This research was done in Khanmirza plain in Chaharmahal Bakhtiari province. The main purpose of
this research is finding a new method for monitoring the groundwater pollution, with the lowest cost
and time. Seven water quality variables including Electrical Conductivity (Ec), Sodium adsorption ratio
(SAR), Total dissolved solids (TDS), total hardness (TH), potential hydrogen or acidity (pH) and sum
of anions and sum of cations for the period 1370 to 1390 in 19 wells were used.

First, for all the seven groundwater variables, the best interpolate method among the five geostatistical
methods including Inverse Distance Weighting, IDW; method and Radial Basis Function, RBF; Global
Polynomial Interpolation, GPI; Local Polynomial Interpolation, LPI and Kriging, were selected. The
root mean squared error (RMSE) index, was used for this purpose. In the second step, the radius of
influence (ROI) for all 19 wells, were calculated by means of semi-variogram curve in the ArcGIS
software.

Finally, for each variable and based on their radius of influence overlap, the number of optimal wells
for estimating water quality variables in the plain were determined.

3. Results

The results of different spatial interpolation methods showed that the ordinary kriging method has the
minimum error (root mean squared error, RMSE) compared to the other geostatistical methods. So
using this method, the radius of influence of the all 19 wells was calculated for each variable. Then
based on the ROIs overlap the minimum number of the wells was determined. The results showed that
for estimating the potential hydrogen or acidity (pH) in Khanmirza plain the use of only one wells, for
Sodium adsorption ratio (SAR) 3 wells, for sum of cations and sum of anions 4 wells and for
Electrical Conductivity (Ec), Total dissolved solids (TDS) and total hardness (TH) only 5 wells out of
19 wells are sufficient.

4.  Discussion and Conclusion

It can be concluded that when the immediate information on groundwater quality in Khanmiza plain is
required, by sampling from maximum 5 well, instead of all 19 wells, the groundwater quality can
estimate carefully.
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Evaluation and Modify of Groundwater Quality Monitoring Network of
Khanmirza Plain Using Geostatistical Analysis

Zahra Hassani ! Ahmad Reza Ghasemi 2" Rasoul Mirabbasi 2

Abstract

Because groundwater quality monitoring is very expensive and time consuming, it is necessary to find
a method for estimating the hydrochemical variables with the minimum sampling. The aim of this
research is to determine the optimal number of sampling wells in Khanmirza plain in Chaharmahal and
Bakhtiari. For this purpose, the results of chemical sampling of 19 wells and seven water quality
variables including SAR, EC, pH, TH, TDS and the sum of anions and cations for the period 1991 to
2011 were used. At the first, the best geostatistical method for drawing zones for each variable is
selected. Then by means of semi-variogram curve the radius of influence of each well is calculated for
each variable. According to the amount of radius overlap the minimum number of wells were determined
to estimate the average of each variable in the plain. The results showed that to estimate the pH variable
one sample well, for the SAR variable 3 sample wells, for the sum of anions and total cations 4 sample
wells and for the variables EC, TDS and TH only 5 sampling wells are enough. The results of two-way
t-test to validate the results also showed the ability of the proposed wells to properly estimate the studied
variables in the plain. Therefore, it can be concluded that in special cases that require necessary and
immediate information on groundwater quality in Khanmiza plain, instead of sampling from 19 wells,
sampling can be done from a limited number of wells.

Keywords: Groundwater, Quality monitoring network, Quality variable, Geostatistical Analysis,
Kriging
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