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Fig. 1. The location of the Dehgolan aquifer in Iran and Kurdistan province
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Geo

= Jvr=Ryolite and acidic volcanics

= PLm=Cream to pink marl with intercalations of sandstone and conglomerate
= Plmt=Tuff, argollaceous limestone, marle, calcarious and conglomerate

= Qal=Recent alluvium (alluvial channel deposits)

= Qe=Silty clay flat

= Qf=High level old gravel fans

“ Qtl=Hight level terrces

= Qt2=Medium level alluvial deposits

@ Qtr=Travertine

= TRJ11=White to cream marble thick bedded to massive

% TRJI12=Grey to black marble with actinolite and scapolite

“TRJImv=Dark grey crystalline limestoen with interbedded metavolcanic rocks
=TRJlg=Alternation of quartzite and marble

= TRIJmv=Meta tuff, limestone

= TRJschq=Alternation of garnet, micaschist, quartzite and marble

@ TRJst=Alternation of staurolite schist and quartzite

= TRImvj= phyllite, slate and meta sandstone

= TRmlj=Gray to black, crystalline

= TRslj=Meta quartzarenite and tuff with intercalation of calcschist and afew volcanic rocks
= d=Dikes and apophysis of aplite granite and granite

= gdd=Granite, granodiorite, syenite, monzosyenite and dioritic gabbro (undiferentiated)
= gr=Microgranite-granite. (jurassic)

2md=Monzodion’le, quartz monzoonite, syenite, and quartz diorite

MK oyl gl caw bk o 3 s .Y Sl
Fig. 2. Geological map of Dehgolan aquifer
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Fig. 3. Steps in the process of preparing vulnerability maps
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Table 2. Ranking and weight of parameters (Aller et al., 1987)
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Table 1. Vulnerability index table (Aller et al., 1987)
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Fig. 5. Zoning map of drastic method parameters: a) topography, b) depth of underground water level, ¢) hydraulic
conductivity, d) net nutrition, e) aquifer environment, j) influence of unsaturated zone, n) soil environment.
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Table 3. Criteria for evaluating the accuracy of wavelet neural network for vulnerability
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Table 4. Accuracy evaluation criteria of chicken swarm algorithm for vulnerability
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Abstract

The East part of Kurdistan province has got considerable potentials for saving ground water. However,
the reservoir volume of Dehgolan aquifer has significantly decreased due to excessive consumption and
low precipitation during past two decades. As a result, it has been classified as a forbidden plain. In this
research, the transfer and spread of pollution in Dehgolan plain aquifer was investigated using the drastic
method. Wavelet neural network and Chicken Swarming Algorithm model were used to compare the
study method with other smart methods. Drastic method is one of Sensitivity map overlay methods
which is produced with seven main parameters including ground water depth, recharge, topography, soil
environment, unsaturated environment and hydraulic conduction. In smart methods, drastic parameters
and index were respectively defined as model inputs and outputs. Accordingly, 7 raster layers with a
scale of 1:25000 were produced in Arc GIS, and after ranking and weighing, the drastic index was
obtained between 71 and 153. The results indicate that northern parts of the aquifer have moderate and
high pollution potentials, so they need more protections. Based on evaluation criteria the obtained
vulnerability maps using neural network model had a better performance than Chicken Swarming
Algorithm so that R2 and RMSE were obtained as (R2=0.98 and RMSE= 0.82), (R2=0.8 and RMSE=
1.51), (R2=0.96 and RMSE= 0.69), (R2=0.92 and RMSE= 1. 2) for western, southern, eastern and
central parts respectively. Moreover, R2 and RMSE were obtained by Chicken Swarming Algorithm as
(R2=0.8 and RMSE= 4.51), (R2=0.88 and RMSE= 5.38), (R2=0.66 and RMSE= 4.31), (R2=0.84 and
RMSE= 6. 01) for western, southern, eastern and central parts respectively. Based on nitrate distribution
data, vulnerability index had better results in predicting polluted parts.

Keywords: Drastic Method, Quality, Nitrate, Artificial Intelligence

Introduction

Groundwater sources are one of the most
important sources of water supply in most parts
of the world. The increase in water needs in
different sectors and as a result of harvesting
more than the capacity of aquifers has led to the
destruction of these valuable resources and a
significant drop in the level of underground
water. The East part of Kurdistan province has
got considerable potentials for saving ground
water. However, the reservoir volume of
Dehgolan aquifer has significantly decreased
due to excessive consumption and low
precipitation during past two decades. As a
result, it has been classified as a forbidden
plain. In this research, the transfer and spread
of pollution in Dehgolan plain aquifer was
investigated using the drastic method. Wavelet
neural network and Chicken Swarming

Algorithm model were used to compare the
study method with other smart methods. Ghosh
et al. (2021) identified the most polluted
underground water areas of Birbhum region in
South Bengal, India. The reason for choosing
this area is the pollution of the area in terms of
fluoride and other chemical parameters. They
used drastic method in this study. Abbas-
Novinpour et al. (2022) conducted the
vulnerability of the four-way aquifer. They
used the modified DRASTIC method and the
optimal fuzzy logic model to improve the
DRASTIC method and the measured nitrate
values were used for validation. For this
purpose, to investigate the hydrogeochemical
characteristics of the underground water
resources of this plain, they used 18 water
samples in different periods of the 2018-2019
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water year, which were analyzed in the Water
and Soil Laboratory of Kurdistan Province.

Materials & Methods

Drastic method is one of Sensitivity map
overlay methods which is produced with seven
main parameters including ground water depth,
recharge, topography, soil environment,
unsaturated environment and hydraulic
conduction. In smart methods, drastic
parameters and index were respectively
defined as model inputs and outputs. A relative
weight from 1 to 5 is assigned to each
parameter based on the aptitude and relative
sensitivity to the pollutant, and also the ranking
is done based on the scale of 1 to 10 and its
relative importance in the pollution potential of
the evaluation area. Aller et al., 1987).

Geology

Considering the hard formations (igneous,
metamorphic rocks, etc.) especially in the
southern margin of Dehgolan plain, the
possibility of table formation in them has not
been investigated. The relatively high potential
of the plain's water resources has caused these
areas to receive less attention so far. Usually,
rocks provide the necessary strength and power
to absorb and store water through existing
seams and cracks, layering of floors, the
existence of karst caves. In these formations,
depending on the depth of the weathered and
fractured area and the existence of hydraulic
connection between their seams and cracks,
there is the ability to form underground water
reserves. In the carbonate rocks of the southern
highlands of Dehgolan plain, there are many
seams, cracks and fractures, which have
created a suitable passage for underground
water, which can lead to the penetration of
underground water into the carbonate rocks
and cause dissolution in them. stones and
creating a suitable reservoir for water.

Discussion and Results

Accordingly, 7 raster layers with a scale of
1:25000 were produced in Arc GIS, and after
ranking and weighing, the drastic index was
obtained between 71 and 153. The results
indicate that northern parts of the aquifer have
moderate and high pollution potentials, so they
need more protections. Based on evaluation
criteria the obtained vulnerability maps using

neural network model had a better performance
than Chicken Swarming Algorithm so that R2
and RMSE were obtained as (R2=0.98 and
RMSE= 0.82), (R2=0.8 and RMSE= 1.51),
(R2=0.96 and RMSE= 0.69), (R2=0.92 and
RMSE= 1. 2) for western, southern, eastern
and central parts respectively. Moreover, R2
and RMSE were obtained by Chicken
Swarming Algorithm as (R2=0.8 and RMSE=
4.51), (R2=0.88 and RMSE= 5.38), (R2=0.66
and RMSE= 4.31), (R2=0.84 and RMSE= 6.
01) for western, southern, eastern and central
parts respectively. Based on nitrate distribution
data, vulnerability index had better results in
predicting polluted parts.

Conclusions

Based on the results obtained, the DRASTIC
index was between 71 and 153, and according
to the classification of Aller et al. (1987), the
vulnerability of Dehgolan Plain is placed in
five categories: safe, very low, medium, and
medium to high. take Then, drastic model
optimization was done using wavelet neural
network model and chicken swarm algorithm.
Due to the large index of Dehgolan Plain and
the precision in the implementation of the
model as well as the existing heterogeneity, it
was divided into four parts and an intelligent
model was implemented for each part. and it
was observed that the implementation of
intelligent models in this way for different
sectors will show better results than the
implementation of a model for the whole plain.
The results of this study showed that the smart
artificial wavelet network model predicted the
drastic index value better than the chicken
swarm algorithm. Also, according to the
validation done with nitrate values, it was
observed that the wavelet artificial network
model has a high correlation with nitrate values
compared to the drastic model of the prediction
area, so that in areas where the nitrate level is
high, the level of vulnerability is high and the
pollution risk classification is high. contract. In
the studies of (Barzegar et al., 2015),
(Qarakhani et al., 2015), (Abbas Navinpour et
al., 2018), (Finanji et al., 2013), (Gemtzi et al.,
2006) and (Behzad et al., 2010) also showed
that artificial intelligence models perform
better in predicting vulnerable areas.



