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The important issue regarding underground water resources is to know the extent
of groundwater pollution, which leads to the management of areas prone to
pollution. Groundwater vulnerability assessment can play a vital role in protecting,
exploiting and prioritizing areas for controlling and using preventive plans. Due to
the nature of the area, agricultural activities and nitrate increase, the DRASTIC
method needs to be modified. The aim of the current research is to modify the
weights of the DRASTIC model, which is considering the importance of
modifying the ranking and the effect of weighting methods in the Yasouj
aquifer.The frequency ratio framework was used to calibrate the DRASTIC index
rates. Then, the weight correction of DRASTIC parameters was done in two stages
of research, the first stage includes Shannon entropy and SPSA methods and the
second stage includes BWM (Best Worst Method) and SWARA (Stepwise Weight
Assessment Ratio Analysis) methods. Therefore, nine frames including
FR_DRASTIC, DRASTIC_Entropy, DRASTIC_SPSA, DRASTIC_SWARA,
DRASTIC_BWM, FR_Entropy, FR_SPSA, FR_BWM, FR_SWARA were
obtained. The nitrate concentration of the well samples was used to validate the
vulnerability indicators. Validation was done by ROC Curve method.
FR_SWARA performed better than other methods with the area under the curve of
0.80.
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Figure 1. Flowchart of the study
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Figure 2. Location of the study area and sampling points
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Table 1. Sources of data used for producing the parameters of the DRASTIC method
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Figure 3. Seven layers of the modified DRASTIC ratings using FR approach

Table 2. The ranges of DRASTIC parameters in the study area based on Aller et al. (1987)

Parameter Range DRASTIC rate DRASTIC weight

Depth of water (m) >30
23-30
15-23
9-15
4.5-9

Net recharge (cm/year) 0-5
5-10
10-18

Aquifer media Metamorphic igneous
Weathered metamorphic igneous
Massive sandstone
Gravel & sand
Basalt

Soil media Clay
Clay loam
Loam
Sand

o

Topography (%) 3818
6-12
2-6
0-2

o

Impact of vadose media Gravel & sand
Hydraulic conductivity (m/day) 0.05-5

5-15

35-50

50-100

>100
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Table 3. Modified and original rate values for each DRASTIC layer based on FR method

Parameter Range Rating DSVQ%EC ‘ﬁ:;to(t;l %of(g;trate Frequency ratio (b/a) Mrg(tji':gd
>30 1 22.07 24.05 1.09 6.37
23-30 2 29.66 35.49 12 7
Depth of water (m) ~ 15-23 3 5 24,01 23.3 0.97 5.68
9-15 5 15 9.93 0.66 3.87
45-9 7 9.26 7.24 0.77 457
0-5 1 26.46 23.47 0.89 4.45
Net recharge (cm/year) 5-10 3 4 50.37 60.21 12 6
10-18 6 23.17 16.32 0.7 3.53
Metamorphic igneous 3 0.81 0.95 117 8.21
Weathered 4 2.04 263 129 9
Aguifer media metarporphlc igneous 3
Massive sandstone 6 39.46 30.93 0.78 5.48
Gravel & sand 8 22.05 26.44 1.2 8.38
Basalt 9 35.64 39.04 1.1 7.65
Clay 1 12.89 14.87 1.15 10
. . Clay loam 3 17.91 13.57 0.76 6.57
Soil media Loam 5 2 10.41 15.49 08 6.92
Sand 10 49.79 56.07 1.13 9.77
>18 1 0.63 0.76 1.2 9.63
12-18 3 3.18 3.97 1.25 9.99
Topography [Slope] (%) 6-12 5 1 1351 16.89 125 10
2-6 9 53.45 55.2 1.03 8.27
0-2 10 29.23 23.19 0.79 6.35
Impact of vadose media Gravel & sand 8 5 100 100 1 8
0.05-5 1 2.85 3.58 1.26 10
Hvdrauli ductivi 5-15 2 12.71 11.67 0.92 731
Y ra“(m‘;r;)“c“"'ty 35.50 6 3 22,94 16.13 07 56
50-100 8 6.97 5.08 0.73 5.8
>100 10 54,52 63.54 1.17 9.28
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Table 4. Modified weights of DRASTIC parameters based on Entropy method

Parameters Entropy Entropy weight Modified weight
Depth of water 0.978 0.269 0.392

Net recharge 0.979 0.247 0.288

Aquifer media 0.997 0.031 0.027

Soil media 0.978 0.260 0.152
Topography 0.996 0.047 0.014

Impact of vadose media 1 0 0

Hydraulic conductivity 0.988 0.146 0.128

DRASTIC-SPSA 4%

5 oS S5 0jg e oo oLt DRASTIC Lol (suisasy (bl 1) SPSA i oselcunsas 5o (59 (8) Jgio
Cyle g odbimal ()5 iy b dmlie 1 08 Wb 1) cud i iy eSS ey
SVl phe slagiy Sdaae colia g giedly slabe Sl el e (als 5L DRASTIC
NS & 53 g odelcawday VAS/YY § AY/A0 po DRASTIC-SPSA 5,50, il (s plcaw] jadli sl
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Table 5. Modified weights of DRASTIC parameters based on SPSA method

Parameters Theoretical weight DRASTIC Modified
(%) weight weight Min%  Max% Mean%
Depth of water 2174 5 248 341 28.46 10.77
Net recharge 17.39 4 2.15 241 19.67 9.36
Aquifer media 13.04 3 3.83 8.11 23.08 16.64
Soil media 8.70 2 2.26 1.46 20.83 9.82
Topography 4.35 1 147 0.69 11.49 6.39
Impact of vadose media 21.74 5 6.95 23.12 50.00 30.21
Hydraulic conductivity 13.04 3 3.87 244 25.46 16.81

DRASTIC_SWARA g,
@ a8y gL &5 @i oal @ o9 patiie Glelid)lS  plansis Jlai ol SWARA by, 55 by
SWARA i, .(Shakeri et al., 2023) 355 0 03> (olaid] jlso (o yiCuenleS 4 ady 1y oS 5 jlme (ke
539 SWARA 15ly 55 ol ANP 5 AHP 1ile alie MADM  (cla o, pibo 4y Cas (oBly (sblse (sl
Hashemkhani Zolfani ) Lgi o (obj)l cbilodds (asuin cundg & 4o b &S LS clacuglsl yolwly b S5
G o g 2 el GlldlS Sl abaii ] jbes adyl sanady sl pob ingk > (et al, 2018
U bylxo ads g b 5yme SWARA SiSS 4 jlne o ke Olpisds (dunjpj ol (Gos ol Cauwdds S poldo
[(Shakeri et al., 2023) cusl y; cod s (igy ol Bgd  md3liel SO ya Cuodl s iay

oo 0 inte Sly 1l Ssysba) ol Cusal dryd 4 drgi b ol (saad) 5 jlidyge (slalne S5l )

(28,5 5k o 1) olole (5ol e (n FCunleS (gl 5 a5y (YL

S = # (¥ sl
ol lzo yo s ol b 4 K (o s dpwles Y

K =S +1 (¥ da,
Sre 2 gl ()59 e Y

0 =" (6 4
bjlxe 52,5 Jboy 5 (2l (19 dmolons ¥

Wy = Q;/%j%Q (5 dai,

5 Wj jolis j DRASTIC-SWARA osipMol slyyjg «cusl ol &l 3s, ol plsl Uslye (5) Jois 5

St b g as el e g g pdyca] Al ashl ) b fols Sawyd s, el sl
(0-C JS5) as (eaaab VAP B Y/FA 5l o plocaml (asli b plool ol jluws b oS

Table 6. Modified weights of DRASTIC parameters based on SWARA method

Parameters Sj Kj Qj Wj DRASTIC weight Modified weight
Depth of water 0 1 1 0.18 5 0.26
Net recharge 0.05 1.05 0.95 0.17 4 0.2
Impact of vadose media 0.05 1.05 0.91 0.16 5 0.24
Soil media 0.1 11 0.82 0.15 2 0.09
Topography 0.1 11 0.75 0.14 1 0.04
Aquifer media 0.37 1.37 0.55 0.1 3 0.09
Hydraulic conductivity 0.03 1.03 0.53 0.1 3 0.08
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Table 7. Modified weights of DRASTIC parameters based on BWM method

Parameters Value Weights - Lingo DRASTIC Index Modified weights Modified weights
Depth of water w1 0.35 D 5 0.45
Net recharge W2 0.21 R 4 021
Impact of vadose media W3 0.14 | 5 0.18
Soil media W4 0.10 S 2 0.05
Topography W5 0.08 T 1 0.02
Aquifer media W6 0.07 A 3 0.05
Hydraulic conductivity W7 0.04 C 5 0.03
z 0.066

FR-Entropy dwids
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Table 8. Modified weights of DRASTIC parameters based on FR-Entropy method

Parameters Entropy Entropy weight Modified weight

Depth of water 0.9976 0.173 0.271
Net recharge 0.9972 0.206 0.259
Aquifer media 0.9979 0.155 0.146
Soil media 0.9981 0.142 0.089
Topography 0.9985 0.113 0.035
Impact of vadose media 1 0 0

Hydraulic conductivity 0.9971 0.211 0.199

FR_SPSA dwisds
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Table 9. Statistics of single-parameter sensitivity analysis (FR-SPSA)

Parameters Theoretical weight %  DRASTIC weight  Modified weights  Min% Max %  Mean %
Depth of water 21.74 5 4.20 11.83 24.67 18.26
Net recharge 17.39 4 2.87 8.72 16.57 12.47
Aquifer media 13.04 3 3.01 9.95 17.97 13.10
Soil media 8.70 2 2.50 7.60 15.03 10.86
Topography 4.35 1 1.16 3.56 7.20 5.04
Impact of vadose media 21.74 5 5 21.98 31.69 25.43
Hydraulic conductivity 13.04 3 341 10.97 19.58 14.84

FR_SWARA duis
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Table 10. Modified weights of DRASTIC parameters based on FR-SWARA method

Parameters Sj Kj Qj Wj Modified weights FR-SWARA
Depth of water 0 1 1 0.18 5 0.27
Net recharge 0.09 1.09 0.92 0.17 4 0.19
Impact of vadose media 0.01 1.01 0.91 0.17 5 0.24
Soil media 0.1 11 0.83 0.15 2 0.09
Topography 0.1 11 0.75 0.14 1 0.04
Hydraulic conductivity 0.39 1.39 0.54 0.10 3 0.09
Aquifer media 0.01 1.01 0.53 0.10 3 0.09

FR_ BWM duids
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Table 11. Modified weights of DRASTIC parameters based on FR-BWM method

Parameters Value Weights - Lingo DRASTIC Index Modified weights Modified weights
Depth of water w1 0.35 D 5 0.45
Net recharge W2 0.21 R 4 0.21
Impact of vadose media W3 0.14 | 5 0.18
Soil media W4 0.10 S 2 0.05
Topography W5 0.08 T 1 0.02
Hydraulic conductivity W6 0.07 C 3 0.05
Aquifer media w7 0.04 A 3 0.03
z 0.057
N DRASTIC FR_DRASTIC
(103 -79) Very low . (141.80 - 126.66) Very low .
(124 - 103) Low m ) (15541 - 141.80) Low Il
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= ¥72; -y high .
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a b
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Figure 5. Groundwater vulnerability maps of Yasuj aquifer
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Figure 6. ROC curve plotting between vulnerability indices and nitrate test samples

Table 12. ROC curve between vulnerability indices and nitrate test samples

Area Under the Curve

DRASTIC 0.67 FR - BWM 0.74
DRASTIC - SWARA 0.47 FR - SWARA 0.80
DRASTIC - BWM 0.37 FR - DRASTIC 0.79
DRASTIC-SPSA 0.68 FR-SPSA 0.79
DRASTIC-Entropy 0.59 FR-Entropy 0.77
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Figure 7. Comparison of the percentage of vulnerability classes based on combined methods
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