LN

ligl

Kharazmi University

Spatial Analysis Environmental Hazards

Online ISSN: 2588-5146
Homepage: https://khu.ac.ir

Vulnerability Assessment of Mashhad Plain Aquifer Using a Combination

Vajiheh Gholizadeh *

of DRASTIC and SI Models

| Amir Safari 29 | Ali Ahmadabadi 3 | Amir Karam 4

1. Department of Geomorphology, Kharazmi University, Tehran, Iran. E-mail: vajihe_gholizade@yahoo.com

2. Corresponding Author, Department of Geomorphology, Kharazmi University, Tehran, Iran. E-mail: saffari@khu.ac.ir
3. Department of Geomorphology, Kharazmi University, Tehran, Iran. E-mail: amhadabadi@khu.ac.ir

4. Department of Geomorphology, Kharazmi University, Tehran, Iran.E-mail: aa_karam@yahoo.com

Article Info

ABSTRACT

Article type:
Research Article

Article history:

Received 05 September 2022
Accepted 20 June 2023
Published online 23 September
2025

Keywords:

Sl,

DRASTIC,

Mashhad Plain Aquifer,
Vulnerability.

Objective: Currently, the Mashhad Plain aquifer is a critical and vulnerable area due to
its specific conditions and the presence of industrial units and agricultural activities,
numerous cities and towns, and the aim of this research is to assess the vulnerability of
the Mashhad Plain aquifer for the purpose of quality monitoring and management of
groundwater resources and preventing its future pollution.

Methods: The data and information layers required for use in the DRASTIC and SI
models were provided by the Khorasan Razavi Regional Water Company. Seven
hydrogeological parameters were used in the DRASTIC model and five in the SI model,
and after weighting, ranking, and combining the layers in the ArcGIS software
environment, a vulnerability map of the Mashhad Plain aquifer was obtained.

Results: The results of the DRASTIC model show that the study area is located in four
zones with very low (21.85%), low (32.09%), medium to low (31.05%), and medium to
high (14.59%) vulnerability. Also, based on the results of the SI model, the study area is
located in five zones with very low (0.4%), low (24.63%), medium to low (23.98%),
medium to high (18.71%), and high (32.25%). By comparing the results of the models,
the aquifer vulnerability generally increases from the southeast to the northwest. Also, to
verify the accuracy of the vulnerability maps, the TDS quality index was compared, and
the results showed that both models have high accuracy in zoning the vulnerability of the
Mashhad Plain aquifer.

Conclusions: The results results can be used in environmental assessments and analysis
of various pollutions and can be used as a basis for management decisions.
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EXTENDED ABSTRACT

Introduction

Currently, a large part of the country's water consumption, especially in the drinking part, is
supplied by underground water resources, which are mainly open aquifers, and these aquifers
are more vulnerable to pollutants caused by agricultural, industrial and urban activities.
Assessing the vulnerability and pollution of the aquifer is necessary for the management,
development and allocation of land use, quality monitoring, prevention and protection of
groundwater pollution (Samadi, 2015).

In the quantitative assessment of the vulnerability of the aquifer, attention is paid to the transfer
and flow models in the saturated and unsaturated zone, and the effect of the physical and
hydrological characteristics of the soil, recharge and penetration depth is evaluated in the
transfer of pollution. This method simulates the physical processes of water movement and the
path related to pollution transfer and determines the distribution of sensitive or vulnerable areas
(Almasri, 2008). The purpose of this research is to identify and analyze the qualitative
vulnerability of the Mashhad plain aquifer in order to monitor and manage underground water
resources and prevent its future pollution.

Methods
The Mashhad plain is located in the northeast of Iran between Binalood and Hezarmasjed
mountains and in the watershed of the Kashafroud river, and its area is 2527 square kilometers.
An open water aquifer is spread throughout the Mashhad plain, which continues to the edge of
Binalood mountain. This aquifer is a critical and vulnerable area due to its special conditions
and the presence of industrial units and agricultural activities, many cities and towns.
In this research, the vulnerability of the Mashhad Plain aquifer was evaluated with DRASTIC
and SI models, and ArcGIS was used to analyze the parameters and prepare the vulnerability
map.
DRASTIC model, which is one of the most common methods for assessing the inherent
vulnerability potential of groundwater, is one of the overlap and index methods. In this method,
the seven measurable parameters for the hydrogeological system include the depth of the
groundwater level(D), net recharge(R), aquifer environment(A), soil environment(S),
topography(T), Impact of the unsaturated Zone(l) and hydraulic conductivity(C) is used
(Babiker, al, et. 2005). Equation 1 is used to prepare the drastic index map:

e Equation (1): DI =3Y_,ryw; = DDy, + R.R,, + A A, + Sp5, + T,T,, + LI, +

C,.Cy

In the above Equation, DI: drastic index, uppercase letters represent the first letters of the layers,
index r: rank of the layer and index w: weight of the layer. The ratings for the sub-layers of
each criterion vary from one to ten depending on their impact on the vulnerability potential.
The weight of each layer is also a fixed value between 1 and 5; which shows the relative
importance of each layer compared to other layers in the vulnerability potential of the aquifer
(Rahman, 2008). SI method (Sensitivity Index): In this method, five parameters of groundwater
depth(D), net recharge (R), aquifer lithology(A), topography(T) and landuse (LU) are used for
aquifer vulnerability. After preparing the SI model layers and weighting each of the layer
classes using the functions available in the ArcGIS, the sensitivity index is obtained from the
weighted sum of the mentioned parameters.

e Equation (2): DI = D,.D,, + R.R,, + A, A, + T, T, + LU,LU,
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In this Equation, SI: sensitivity index, capital letters are the first letter of the names of layers,
index r: rank of layer and index w: weight of layer. The numerical value of the sensitivity index
can vary between 0 and 100 (Ribeiro, 2000).

Results

After weighting and preparing each layer of the DRASTIC and SI models to prepare the vulnerability
map of the aquifer, the layers of each model were combined in the ArcGIS and the area of each
layer was calculated and the final map was prepared. The results of the DRASTIC model show
that the study area is divided into four zones with very low vulnerability (21.85%), low
(32.09%), medium to low (31.05%) and medium to high vulnerability (14.59%). Also, based
on the results of the SI model, the study area is divided into five areas with very low
vulnerability (0.4%), low (24.63%), medium to low (23.98%), medium to high (18.71%) and
high vulnerability (32.25%). Comparison of two models shows that in the drastic model, the
largest area of this aquifer in terms of vulnerability is in the low and medium to low zone, while
in the SI model, the largest area is in the medium to high and high zone. In terms of geographic
location, there is a match between the vulnerability ranges in both models. In general, the
vulnerability of the aquifer increases from the southeast to the northwest.

The reason for this can be attributed to the east-west direction of the underground water flow,
The height water level of the aquifer, adaptation to the uses of water agriculture and gardens,
and population and industrial centers and type of sediments in the aquifer environment. For
verification, statistical method and calculation of correlation coefficient between vulnerability
maps and TDS layer was used in TerrSet software and the results showed that both DRASTIC
and SI models have high accuracy in zoning the vulnerability of Mashhad plain aquifer, so that
the correlation coefficient of vulnerability maps with index The quality of TDS in Drastic model
i (0.996) and in SI model (0.995).

Conclusion
The results can be used in environmental assessments and analysis of various pollutions and
can be used as a basis for management decisions.

Keywords: SI, DRASTIC, Mashhad Plain Aquifer, Vulnerability.
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