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Abstract

Determining the vulnerability and risk of groundwater is a good approach for groundwater management with reliable and accurate models,
taking into account surface pollutants, the ability to contaminate groundwater, and the pathways affecting wells. In the present study, this
evaluation is based on a new index with three factors of pollutant point source density, intrinsic vulnerability and contamination range of
wells presented for a groundwater aquifer in Ardabil. A modified version of the Drastic method was used to map the intrinsic groundwater
vulnerability of the study area to an area of 886 square kilometers. Density of point source pollutants were measured such as industries,
villages, gas stations in the sub basins and used as potential indicators of point source pollutants. Numerical modeling was also performed to
determine the catchment areas using MODFLOW and MODPATH models. The spatial and descriptive integration of these three factors
created a mechanism and vulnerability index for assessing the risks of groundwater contamination as well as identifying and prioritizing
areas requiring groundwater monitoring. The parameters used in this method were sensitivity analysis. The results of this index were
calibrated based on nitrate and chloride concentration which had a positive correlation with the vulnerability index. Groundwater
vulnerability and risk index values vary from zero to one thousand with respect to the integration of 3 factors with a value range of 10. The
value of this index was low in most of the plain. But maximum values of this index were in populated areas, high roads and industrial areas
in Ardabil plain. In general, according to this indicator, Ardabil plain is at low vulnerability and risk. This research will lead to a rigorous and
cost-effective approach to protecting drinking and agricultural water resources and achieving sustainable groundwater for future generations.

Keywords: Groundwater, Pollution, Risk Zoning, Vulnerability.
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Figure 2. Flowchart research method presentation of aquifer vulnerability and risk index
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Table 1. DRASICLU method's criteria and scores

Criterion Subcriterion Initial weight  Ultimate w.  Area (ha)
0-15 8 0.435 335
15-30 5 0.21 3963
Depth of groundwater  30-45 3 0.157 13315
(D) 45-60 2 0.112 19720
60-72 1 0.086 50847
0-0.004 2 0.053 65168
Rec(g";rge 0.004-0.4 6 0.237 22850
0.4-4 10 0.71 174
Sandstone-shale 3 0.106 1447
Aquifer Silt-sand 5 0.133 1786
(A) Sand/gravel 8 0.322 12737
Sand/silt-gravel 9 0.439 72207
Loam-clay 2 0.068 78565
Sandy clay loam 3 0.089 3649
Sandy loam 4 0.103 2010
Soil Sandy loam clay 5 0.144 458
(s) Sandy 5 0.156 1497
Sandy-silt 6 0.176 1230
Gravel- loam 7 0.264 773
Silt, sand and clay 3 0.114 41628
Impact zone Sand and gravel 8 0.403 3233
m Sand, silt 4 0.158 8468
Sand, silt and sandstone 6 0.241 34849
0-15 2 0.065 44558
L : 30-15 3 0.119 2652
Conductl\(/ég/ hydrolic 30-45 2 0185 24792
45-60 6 0.297 9323
75-60 7 0.334 6372
Range-agri(dry) - 0.094 8935
Land Use —cover Aquaculture - 0.163 177
L) Agriculture and gardens - 0.316 73641
Residential - 0.4288 5427
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Table 2. Number and density of point source pollutants for estimating PSI
- Area Number Village Number Industrial
Row Subbasin name (km) villages density industrial density PsI
1 Center up to the plain outlet 271.98 45 0.17 143 0.53 0.69
2 Kollandreg-Ali Balaghi 23.62 3 0.13 9 0.38 0.51
3 Solout 8.71 3 0.34 10 1.15 1.49
4 Hamlabad-Golmoghan 97.38 21 0.22 95 0.98 1.19
5 Namin 15 2 1.34 10 6.68 8.02
6 Soola 3.33 2 0.6 9 2.07 3.3
7 Abibagloo-Arkhaz 200.1 24 0.12 32 0.16 0.28
8 Arallo-Gharalar 193.9 20 0.1 71 0.37 0.47
9 Balikhli-Yamchi 32.74 4 0.12 105 3.21 3.33
10 Kozetopragh 53.26 7 0.11 44 0.83 0.94
- Sum 888.52 131 Mean: 0.32 528 Mean: 1.7 2.02
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Table 4. Area of final index ranges in Ardabil plain

Row Risk index Area (ha) Area percentage
1 3.1-5 42211 48.31
2 5.1-10 29290 33.52
3 10.1-20 11676 13.36
4 20.1-40 1996.5 2.28
5 40.1-80 2016.75 231
6 80.1-160 193.25 0.22
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Table 3. Ranking of wells contamination capture zones

Time zones (year) Effect rating

Move time 5 10
Move time 10
Move time 25
Move time 50
Move time 100
Final capture area
Qutside areas

P A~O~N0W©

Shle olg ¢ plicanl Lasls 5l fols s
el ome 53 6 s L e VT b (ST 5 L
‘,Uﬁf_f OB Gl e e laslr 4 sy SIB
ol e ias e OLES 1) et el sl op VL
Jeaol cds s Jo ool pame Voo e U jas 5l el
ook &S sl ol 1y N ol sl e
Ailge () s Gl wilein ool ool ]
Dl Bl ek delal O goa jetls ) olib
Lossls sz 58 80 VL ik aw IS 53 5 b s
Shls & ol (3,8 slawg Jos Gble b (Jlp!
23 S S s Gl htea yatls VLl
B Susdsl 3 s ol a e glaal
(V) U 55 Jonol ot gl pasls ool il LS
sl ol e3ls QLS

ol ey Jde 5 Sl oo Cu lls
Glaesls Comlal pe ok b carlllans ) go 03 500ms Oyl

- -
d/‘/f Vo | /i
" * L

Y44 Olwsl g slg m Y opledm Ve oy

A



Jmal ceds 53 ) sl Sy shuigy 5 Sl U0

14

12

10 —

@®
1

Sensitivity

o]
HANI_300 HANI_304 HANI_308
name HANI_302 HANI_306 HK_100

HK_102
HK_104

HK_106

All parameters

RCH_200 RCH_204
HK_108 RCH_202 RCH_206

RCH_208 RCH_212
RCH_210

Value|5.75 6.20 0.73 057 1.13 890 1341 174 088 156 001 0.01 002 079 981 493 0.00I

Figure 5. Sensitivity analysis of three nutritional parameters (RCH), hydraulic conductivity (HK) and anisotherapy
(HANI)
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Table 5. Statistical parameters and relationship between risk index and nitrate in raster areas of Ardabil plain

layer Min Max Mean Variance  Correlation Covariance b a
Chloride 0.4 13.2 7.5 4.65 0.17 0.7 0.15 6.9
Nitrate (x) 1.99 20.95 7 12.53 0.46 6.82 0.54 3.72
Risk index (y) 031 159.17 75 94.1
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Figure 6. Drastic zones and GQRVI index (bottom) and nitrate - chloride gll'oundwater (top) in Ardabil plain
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1. LULC (Land Use & Land Cover)
. Well Head Protection Areas (WHPA)
. Groundwater Quality Risk and Vulnerability
Index (GQRVI)
. Intrinsic Vulnerability Index (1\V/1)
. Point Sources Index (PSI)
. Well Index (W1)
. Hydrolic Conductivity (HK)
. Specific Vulnerability Index (SVI)
. Sensitivity analysis
10. Thiessen Polygons
11. LANDSAT
12. DRASTIC
13. Band Collection Statistic
14.Multi Variate
15. Benzene Toluene, Ethylbenzene Xylenes- (BTEX)
16. Methyl Tertiary-Butyl Ether-(MTBE)
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