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Investigation of Contamination Risk using Optimized DRASTIC-L
Method with Genetic Algorithm in Salmas Plain Aquifer

Maryam Gharekhani !, Ata Allah Nadiri 2, Asghar Asghari Moghaddam 3, Sina Sadeghfam 4

Abstract

Nitrate is one of the most common contaminants that originates from fertilizers, pesticides or domestic
and industrial wastewater. This non-point source contaminant exposes the Salmas plain aquifer to
groundwater pollution due to extensive agricultural activity. Therefore, it is necessary to assess the
contamination risk of aquifer to high nitrate concentration and identify the high-risk areas in this
aquifer. In this research, the contamination risk of Salmas plain aquifer was investigated using
DRASTIC-L framework and groundwater velocity. For this purpose, after constructing of DRASTIC-
L framework, the weights of eight layers of the framework optimized by genetic algorithm to obtain
the aquifer vulnerability map to nitrate contaminant. Finally, the contamination risk map to nitrate was
achieved from multiplying the aquifer vulnerability and groundwater velocity. The results showed that
against to the eastern and central parts of the aquifer, the contamination risk of the aquifer is high in
the western part of the aquifer.

Keywords: Salmas aquifer, Vulnerability, Genetic Algorithm, Contamination risk,
Nitrate.
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Investigation of Contamination Risk using Optimized DRASTIC-L
Method with Genetic Algorithm in Salmas Plain Aquifer

Maryam Gharekhani !, Ata Allah Nadiri 2, Asghar Asghari Moghaddam 3, Sina Sadeghfam 4
Introduction

Groundwater contamination by agricultural and industrial activities has become one of the most
serious environmental problems in recent years. Generally, groundwater contamination is detected
after the drinking water wells contamination. On the other hand, groundwater remediation is costly,
time-consuming, and distress groundwater reservoirs. Risk assessment is an important method for
decisions related to the effective management of areas exposed to contamination risk. Sources of
contamination and inherent vulnerability are the two main factors in the risk assessment method.

Methodology

The concept of groundwater contamination risk assessment is based on the "source - pathway -
receptor" method, in which the groundwater contamination risk depends on the following factors: (i)
danger created by the activity of a contaminant (source), (ii) vulnerability of groundwater to
contamination (pathway) and (iii) possible consequences of a contaminant for groundwater (receptor)
(Nobre et al., 2007 ). In this study, the contamination risk of aquifer has been done based on the
"source - pathway - receptor" method. For this purpose, first the source of contamination and
vulnerability of the aquifer (pathway) was determined, then the contamination risk map was obtained
by multiplying the vulnerability of the aquifer with groundwater velocity (Nadiri et al., 2018c).
Groundwater vulnerability of Salmas plain aquifer was investigated using DRASTIC-L framework.
This framework consists of eight data layers include, Depth to water table (D), net Recharge (R),
Aquifer media (A), Soil media (S), Topography or slope (T), Impact of the vadose zone (1), hydraulic
Conductivity (C) and Land use (L). After constructing of DRASTIC-L framework, the weights of
eight data layers of the framework optimized by Genetic Algorithm (GA) to obtain the aquifer
vulnerability map to nitrate contaminant. GA generates solutions to optimization and search problems
by emulating biological operators, e.g. mutation crossover and selection (Mitchell 1996). The
objective function is formulated to maximize correlation coefficient between vulnerability indices and
a measure of nitrate-N values by identifying weights in DRASTIC-L framework. Finally, the
contamination risk map to nitrate was achieved by multiplying the aquifer vulnerability and
groundwater velocity.

Discussion and Conclusion

The objective of this study is to determine the contamination risk of Salmas plain aquifer to nitrate
contaminant. For this purpose, the vulnerability of the aquifer was investigated using the DRASTIC-L
framework. Then the weights of this framework optimized by Genetic Algorithm (GA). In the genetic
algorithm method, first the objective function and the constraint (0.5>weight> 0.01) were determined,
then the optimal values of the genetic algorithm parameters were determined using trial and error. The
optimized weights of the DRASTIC-L framework data layers were obtained by maximizing the
objective function. The values of these weights for D, R, A, S, T, I, C and L data layers are 0.101,
0.052, 0.051, 0.01, 0.01, 0.335, 0.4 and 0.1, respectively. According to these weights, DRASTIC-L
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vulnerability indices to nitrate contaminant for Salmas plain was obtained between 0.2 to 0.94, based
on the vulnerability of Salmas aquifer is categorized to: low (0.2-0.4), moderate (0.4 - 0.6), high (0.6 -
0.8) and very high (0.8 - 0.94) vulnerability. In order to evaluate the performance of the genetic
algorithm, the correlation coefficient (r) was calculated between the vulnerability map and nitrate
concentration, which was obtained 0.6. According to the prepared vulnerability map, the western parts
of the Salmas plain aquifer is vulnerable to nitrate contaminant. Finally, the nitrate contamination risk
map was obtained by multiplying the groundwater velocity and the vulnerability map. According to
the contamination risk map, the western part of the aquifer has high contamination risk to nitrate
contaminant, which is due to the high vulnerability indices and high groundwater velocity in this part
of the aquifer.
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