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Extended abstract

Introduction

The groundwater aquifer is one of the most vital resources, being considered more important in the countries
(e.g., Iran) located in hot and dry areas. One of the ways to prevent contamination of groundwater resources
is to focus on their vulnerability. So, a trustworthy assessment of groundwater vulnerability is useful to
determine the contamination points of the aquifer for effective protection and management of groundwater
resources.

Materials and methods

In this research, DRASTIC index was applied to evaluate groundwater susceptibility while considering
effects of land use and nitrate pollution for Kerman-Baghein Plain located in Kerman Province. In this
regard, seven parameters including the depth of the water table, net feeding of aquifer, aquifer texture,
surface soil texture, topography, impact of the vadose zone, and hydraulic conductivity were employed to
calculate the DRASTIC index. It should be noted that this index has previously been applied by researchers
for assessment of the vulnerability of the aquifer against groundwater pollution in different regions.
However, despite the complexities in the underground water system and the opinions of experts in assigning
the rank and weight of the parameters in this index and the difference in the conditions prevailing in the
studied areas, it has always prompted researchers to take practical steps to improve this index. This
improvement has been carried out in a number of studies by adding other parameters (e.g., land use and the
effect of nitrate) to the parameters of the DRASTIC index. Therefore, in the present research, the parameters
of land use and potential risk associated with land use have been used to compute the Composite DRASTIC
index (CD) and Nitrate Vulnerability Index (NVI) in the Arc/GIS software environment, respectively. In
this way, the CD index was obtained by adding the land use parameter to the DRASTIC index and the NVI
index by multiplying the raster map of the potential risk rating related to the land use in the DRASTIC
index. It should be noted that according to the land use map evaluation, this plain includes 54% of low-
density pastures, 24% of irrigated agriculture, 10% of hand-planted forests, 6% of bare and desert lands,
5% of residential areas, and 1% of claypans. After the evaluation of three vulnerability criteria using all
three indices DRASTIC, CD and NVI, their correlation with Ggroundwater Contamination Risk (GCR)
was also investigated.

Results and discussion

The results revealed that the correlation of the DRASTIC index with the risk of underground water pollution
is 8%, the CD index is 30% and the NVI index is 54%, with a probability of 99%, they show a significant
correlation. The results indicated that the addition of the land use parameter caused to increase the
correlation of vulnerability with the risk of groundwater pollution, and multiplying the potential risk
associated with land use led to further increase of the correlation. As a result, the NVI index was selected
as the superior index compared to the other two indices.
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Conclusion

The results of the NVI index of Kerman-Baghin Plain indicated that this plain is divided into two categories
including very low vulnerability with an area of 1528.07 km? (75.52 %) having an NVI value of less than
70 and low vulnerability with an area of 495.33 km? (24.48 %) having NVI value from 70 to 110. Taken
together, in order to properly manage the groundwater resources and prevent the pollution of these
resources, it is recommended to prohibit the establishment of industries and the cultivation of agricultural
sector causing the pollution in areas with low vulnerability.
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Table 1. Determined weights for DRASTIC parameters
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Table 2. Rating of DRASTIC index parameters (Aller et al.,1987)

Parameter Range Rating Parameter Range Rating
9.1-152 5 Clay 1
152-229 3 Clay loam 3
Depth to water (m)

22.9-30.5 2 Silty loam 4

Soil media
>30.5 1 Loam 5
<2 10 Sandy loam 6
2-6 9 Clay 9
Topography(%) 6-12 5 Sand, Silt, Clay 4
12-18 3 Aquifer media Gravel, Sand, Silt, Clay 5
>18 1 Gravel, Sand 7
Silt, Clay 3 0.04 - 4.1 1

Impact of the vadose . .
zone media Sand, Silt, Clay 5 Hydraulic conductivity (m/day) 41-122 P
Gravel, Sand 7 12.2-28.5 4
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Table 3. Classification related to DRASTIC vulnerability index (Aller et al.,1987)

Class Range
No <79
Very low 79-100
Low 100-119
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Table 5. Vulnerability range related to CD index (Secunda
et al., 1998) and NVI index (Martinez-Bastida et al., 2010)

Vulnerability index range CD index range NVI

Very low <100 <70
Low 100-145 70-110
Moderate 145-190 110-150
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Table 4. Weight and ratings related to the land use
parameter used in the CD index (Secunda et al., 1998)
Land use type Rating Weight

Bare land and desert 1

Hand-planted forests
Dry lake
Low density pastures

Urban areas

® 0 N W N

Irrigated field crops
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Table 6- Rating applied to the potential risk associated with
land use (LU) (Baghapour et al., 2015)

Parameter Land use type Rating (LU)

Bare land and desert 0.3
Hand-planted forests 0.2

Poten.tial risk. Dry lake 03

associated with .

land use (LU) Low density pastures 0.2
Urban areas 0.8
Irrigated field crops 1
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Table 5- Rating related to recharge map (Piscopo, 2001)

Net recharge Soil permeability Rainfall (mm) Slope (%)
Rate Range Rate Range Rate Range Rate Range
10 11-13 5 High 4 >850 4 <2
8 9-11 4 Moderate to high 3 700-850 3 2-10
5 7-9 3 Moderate 2 500-700 2 10-33
3 5-7 2 Low 1 <500 1 >33

1 3-5 1 Very low
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Fig. 2. The seven-layer rating maps used in the DRASTIC model and the vulnerability map, (A) Depth to water, (B) Net recharge,

(C) Aquifer media,

(D) Soil media, (E) Topography, (F) Impact of the vadose zone media, (G) Hydraulic conductivity
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