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Investigation of Qualitative Changes and Determination of Vulnerability
Zone of Sari Plain Aquifer Using SI Model and Man-Kendall non-
Parametric Test

Fatemeh Shokrian®, Aref Saberi?, Alameh Sabbag?®

Abstract

Groundwater is one of the important sources of drinking water and agriculture in the northern
regions of the country. Population increases and demand for agricultural products, especially
rice, in the northern parts of the country have increased the utilization of water resources in the
past decade. The aim of this study is investigation of Sari plain aquifer vulnerability using Sl
model and the qualitative changes of water resources using Mann-Kendall test and age slope
diagram for the total cations and anions, TDS, EC, pH and SAR of 38 operation wells registered
in Mazandaran province. Firstly, the changes of qualitative parameters were investigated from
2006 to 2018. Then, the maps of SI model parameters (groundwater depth, net recharge, aquifer
media, topography and land use) rated and the weight map of each parameter was obtained. The
results of Mann-Kendall test and age slope diagram showed that the P-value of SAR variable is
significant but total cations and pH is less than 0.05. The coefficient of determination (R?)
showed that the total cations, SAR and pH with values of 0.272, 0.249 and 0.235 have most
related to the qualitative changes of groundwater resources in Sari plain. The age slope diagram
also showed an ascending trend of the parameters. Finally, with the overlap of SI model
parameters, most of the areas with moderate vulnerability risk (50.92) included the highest
percentage of area. Validation results showed that, 57.19 percent and 0.67 percent of area has
moderate and lowest overlap respectively.

Keywords: Aquifer vulnerability, Mann-Kendall test, Water Quality, Age Slope diagram,
S| Model.
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Abstract

Groundwater is one of the important sources of drinking water and
agriculture in the northern regions of the country. Population increase and
demand for agricultural products, especially rice, in the northern parts of
the country have increased the utilization of water resources in the past
decade. The aim of this study is investigation of Sari plain aquifer
vulnerability using SI model and the qualitative changes of water
resources using Mann-Kendall test and age slope diagram for the total
cations and anions, TDS, EC, pH and SAR of 38 operation wells
registered in Mazandaran province. Firstly, the changes of qualitative
parameters were investigated from 2006 to 2018. Then, the maps of SlI
model parameters (groundwater depth, net recharge, aquifer media,
topography and land use) rated and the weight map of each parameter was
obtained. The results of Mann-Kendall test and age slope diagram showed
that the P-value of SAR variable is significant but total cations and pH is
less than 0.05. The coefficient of determination (R2) showed that the total
cations, SAR and pH with values of 0.272, 0.249 and 0.235 have most
related to the qualitative changes of groundwater resources in Sari plain.
The age slope diagram also showed an ascending trend of the parameters.
Finally, with the overlap of SI model parameters, most of the areas with
moderate vulnerability risk (50.92) included the highest percentage of
area. Validation results showed that, 57.19 percent and 0.67 percent of
area has moderate and lowest overlap respectively.

Fatemeh Shokrian , Aref Saberi , Alameh Sabbag... Investigation of Qualitative Changes and Determination of
Vulnerability Zone of Sari Plain Aquifer Using SI Model and Man-Kendall non-Parametric Test


mailto:f.shokrian@sanru.ac.ir

435 Iranian Journal of Irrigation and Water Engineering _

1. Introduction

Groundwater, which represents one of the major water resources, is vulnerable to quality degradation
due to over exploitation for agricultural activities and increase of anthropogenic activities (Khaw!la,

And Mohamed, 2020). Groundwater contamination adversely affects the human health, as well
as threatens ecosystems through energy and material cycling (Qiu et al., 2018). Groundwater pollution
risk assessment, which refers to the process of determining the potential impacts of any pollutant, is an
effective tool for designing efficient groundwater management and protection strategies (Shrestha et
al., 2016; Wang et al., 2019; Ali et al., 2019). The aim of this study is investigation of Sari plain aquifer
vulnerability using SI model and the qualitative changes of water resources using Mann-Kendall test
and age slope diagram for the total cations and anions, TDS, EC, pH and SAR of 38 operation wells
registered in Mazandaran province.

2. Materials and Methods

The study area is located in the north of the country and in Mazandaran province. The dominant land
use of this area is irrigated and rain fed agriculture and the area of forest and rangeland is low. Sari plain
is located between two important rivers of Tajan and Nekarood in the east of Mazandaran province and
its area is 153277.73 hectares. Firstly, the changes of qualitative parameters were investigated from
2006 to 2018. Then, the maps of SI model parameters (groundwater depth, net recharge, aquifer media,
topography and land use) rated and the weight map of each parameter was obtained.

SI Index

the SI method for the estimation of the groundwater vulnerability to pollutants. In this method, five
parameters of groundwater, depth (D), net recharge (R), aquifer media (A), topography (T) and land
use (LU) are used.

The final Sl index is calculated based on Equation (1).
S| = DRDw + RRRw + ARAw + TRTw + LURLUw, (1)

Where D, R, A, T and LU are the acronyms of the parameters used and the subscripts w and r are the
corresponding weights and ratings, respectively (Bartzas et al., 2015).

3. Results

The results of Mann-Kendall test and age slope diagram showed that the P-value of SAR variable is
significant but total cations and pH is less than 0.05. The coefficient of determination (R2) showed that
the total cations, SAR and pH with values of 0.272, 0.249 and 0.235 have most related to the qualitative
changes of groundwater resources in Sari plain. The age slope diagram also showed an ascending trend
of the parameters. Finally, with the overlap of SI model parameters, most of the areas with moderate
vulnerability risk (50.92) included the highest percentage of area. Validation results showed that, 57.19
percent and 0.67 percent of area has moderate and lowest overlap respectively.

4. Discussion and Conclusion

Groundwater resources are under high pressure, both qualitatively and quantitatively, as the population
grows. So that uncontrolled harvesting and the existence of different uses in each area is an important
factor of vulnerability. Therefore, in the present study, qualitative parameters were investigated by non-
parametric test of Mann-Kendall model and the results showed the relationship between elements
affecting quality change. On the other hand, the status of groundwater vulnerability was investigated
with the SI model, which has five effective parameters in determining vulnerability. The model results
also showed that most of the region is in a moderate risk situation in terms of vulnerability. Finally, to
validate the model in the region, the final results of the SI model were examined with a nitrate change
zone map and it was found that most of the medium risk areas have a good overlap with nitrate
distribution.
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