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Figure 1. Location of the study area.
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Table 1. Classification and rating of DRASTIC parameters (3).

Rating 4, Range «;L Rating 45 , Range «;L
W=5 Vadose zone gLl & Lo W=5 (50) (o] s G Gos
Depth to water table (m)
9 Karstic aquifer s S Ol 5l 10 0-1.5
e 9 1.54.6
] Sand 4uls 7 4.6-9.1
7 i R 5 9.1-15.2
Silty sand o auls 3 152229
6 Clay sand ., abs 2 22.9-30.5
5 ) 1 >30.5
1 Sandy silt glawle Cdow
3 Sandy clay glawls
P Silty clay b )
Marl and clay ., 5 05l
1
Confining layer with dense clay oS1ze o) b odiS; games 44N
Wed (s s ko) el adss W=3 Gao 2 re) Soodes colis
Net recharge (mm/year) Hydraulic conductivity (m/day)
1 <51 1 <4.1
3 51-102 2 4.1-12.2
5 102-178 4 12.2-28
8 178-254 6 28-40
8 40-80
10 >80
wW=2 Soil media Sl Loe w=3 Aquifer media Ol gl Laos
10 Gravel or thin layer of soil Sl S36 oY L Jsl 8 2 A
Silt and clay
9 Sand auls 4 IS 5 als oS L oy 5
Silt and clay with a little sand and gravel
g Peat _, 5 6 o3 S (s b anls
Sand with silt and clay
7 Dense clay oS ) 8 JolS s ke
Sand and gravel
6 Sandy loam (glawls e =1 Topography (%) (As,3) 3 S5 5
5 loam ¢ 4 10 0-2
4 Silty loam _zlews o5 9 2-6
3 Clay loam ..., 05 5 6-12
2 Fertilizer » 5 3 12-18
1 non condensing clay S|z & ) 1 >18
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Figure 2. Structure of the fuzzy logic (FL) model (13).
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Figure 3. Structure of the artificial neural network (ANN) model (13).
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Figure 16. The aquifer vulnerability map using
Neural Networks model.

3T g el Al e 53 8 game ga it sladite I Jol s - i
Table 2. The results of the various artificial intelligence models in the training and test step.

Jde
Lae e
(Model) o= 7
(Criteria) (Step)
MFL SFL ANN ANFIS
7.84 4.88 431 3.11 (551 sle=) RMSE o
BN ol
0.87 0.94 0.98 0.99 (s o) R? (Training)
7.95 5.01 4.6 3.54 (2,51 sla®) RMSE o]
8 e ia)
0.76 0.91 0.97 0.98 (s e p2) R? (Test)

sl s S T I Ny T
@ by e edgdee (5 4\5._:3.5 S Sl slad sal
Yo sl e Cdﬁ%wi sl s Olis
(hs) Vet 68 ey 3lAad 3 o
ol YUY Ll gadiean] 5 ool chle
2o e Aigh e 2 Y 5 Y 5
ol am s e i Loodel Cowsas
s s ¢b (Correlation Index) SN
Sl Bl s bdae ml G (Seres L5

Ve

Sl Spdioe] gty o bdas @b anl
Ol clale s 28 Y3 &S sboles P
el S il Cer S lpee
Lyl i Sl oS s 3,5 ailain 55 (5 il
oo 3 osEe ol gl s e S8 a (ol A3l
5 s S Ll mls g Lasis Gy ols
eslizal sy 84 357 asdlas 53 (Y4AF) O, Kes
Grhoawl 5 ol chle lwl s .0 as

@ canlao U”‘ BE) alises 6“&)} )\ OJJT S ddy



OlySeR 9 (5 wd (iU

45 ANFIS , ANN SFL MFL (Kool skaasolis CI (VL olis (VYY) was Olis
el ol 0als OLES Y J g LQ\J:.:JLS:AMUA}L\N sl JSJWL;;.MA

Sladde Lo s ol e 6l o an

(g gos sl =d1) Ol 5 Clile 5 (g p sl el o b oo GLST ¥ J g

Table 3. Coincidence of samples with three contamination levels and nitrate concentration (unit = number of samples).
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Abstract

Background and Objectives: Groundwater pollution is a complex and full of uncertainty process, on a
regional scale. Development of an integrated method for assessing groundwater vulnerability, can be
efficient in order to optimized management and protection of them. Because of fertile soil and sufficient
water resources, Ramhormoz plain is suitable area for agriculture that by development of agriculture, use
of chemical fertilizers and pesticide, this plain always is at risk of contamination. One of the suitable
approach to prevent groundwater contamination, identify areas of potential contamination. The aim of this
study is to produce vulnerability map of Ramhormoz plain alluvial aquifer using DRASTIC model and
then use artificial intelligence techniques to improve the results of the DRASTIC model. Due to the
importance of groundwater resources in the study area that are used for various purposes including
agriculture, Aquifer vulnerability study and protect these areas for development and management of water
resources is essential.

Materials and Methods: In this study, first, vulnerability evaluation of Ramhormoz alluvial aquifer plain
was performed using DRASTIC model and in the following, artificial intelligence methods was used to
optimize the model. DRASTIC model includes the following parameters: depth to water table, net
recharge, aquifer media, soil media, topography, impact of vadose zone and hydraulic conductivity that
are effective in groundwater vulnerability assessment. This method, based on the standard weights of
DRASTIC model and obtained layers for each of the seven parameters, calculates the amount of aquifer
vulnerability. After preparation of the layers, vulnerability of Ramhormoz alluvial aquifer plain was
determined using drastic model. Also the groundwater vulnerability map and DRASTIC index was
calculated for the entire area. In order to evaluation of accuracy of the obtained results from the model,
nitrate concentration data existing in groundwater have been used for verification. Following In order to
improve results, DRASTIC model was integrated by artificial neural networks, fuzzy logic (Sugeno and
Mamdani) and Adaptive Neuro-Fuzzy Inference System methods and four vulnerability maps was
obtained using different models of artificial intelligence.

Results: The groundwater vulnerability map toward the contamination was prepared by the division into
three vulnerability ranges including low, medium and high and DRASTIC index was calculated for the
entire area between 48 and 156. Correlation coefficient 0.97 between DRASTIC index and nitrate
concentration reflects the relatively good accuracy of this method. Also, the results of the implementation
of these models showed that the used artificial intelligence models have the ability to improve the primary
DRASTIC model results. By comparing the results of the models can be concluded that the Adaptive
Neuro-Fuzzy Inference System model has the best result.

Conclusion: The determination coefficient, R2, for the Adaptive Neuro-Fuzzy Inference System, neural
networks and Mamdani fuzzy and Sugeno fuzzy models, is 0.99, 0.94, 0.98 and 0.87 respectively.
According to the final model, South- Southeast regions have the highest potential for contamination.

Keywords: Groundwater vulnerability, DRASTIC model, Geographic information system, Artificial
intelligence

* Corresponding Author; Email: ghanbari nazanin70@yahoo.com

hY)






