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ABSTRACT

The purpose of this study is to improve the Original DRASTIC Model (ODM) for the assessment of groundwater
contamination vulnerability on the GIS platform. Miryang City of urban and rural features was selected for the study area
to accomplish the research purpose. Advanced DRASTIC Model (ADM) was developed adding two more DRASTIC
factors of lineament density and landuse to ODM. The fuzzy logic was also applied to ODM and ADM to improve their
ability in evaluating the groundwater contamination vulnerability. Although the vulnerability map of ADM was a little
simpler than that of ODM, it increased the area of the low vulnerability sector. The groundwater vulnerability maps of
ODM and ADM using DRASTIC Indices represented the more detailed descriptions than those from the overlap of
thematic maps, and their qualities were improved by the application of fuzzy technique. The vulnerability maps of ODM,
ADM and FDM was evaluated by NO3-N concentrations in the study area. It was proved that ADM including lineament
density and landuse factors produced a more reliable groundwater vulnerability map, and fuzzy ADM (FDM) made the
best detailed groundwater vulnerability map with the significant statistical results.

Key words : Groundwater contamination vulnerability, Original DRASTIC model, Advanced DRASTIC model, Fuzzy
DRASTIC model, NOs-N concentrations
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Fig. 2. Geological map of Miryang City (MOCT + KOWACO, 2003).
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AdZ FAE 535S 35 €3 AEEA afEE
Ueal ok FHARMIINR= skl B3R,
SRR 2SI 5o TAEe] AT Al
A ol HA Jehdar glom, fEehd e BE &
Ak} W Fubak(785 m) 2 whojal Aol vlw
WA JeRa o AETEREE dHEe] i
A SAAS AR ARl o g271x] ddEo] glom HE
A ke R Fol RSl HashAl YERG

UA] EARF(2018)0l] 2Jshd At 3014712
RS 1,246 mm/yr1H], 201235 20173714
73 1,0660.2 mmOE AJFS] HAEiii) o= 2015
(9513 mm)Z 2017(558.1 mm) 7HE02 o] =
| ol dEeltt. difte] AT 685 E 8
Azso] Aot 7B EAE (NGIC, 2018)2] 2016
Ax 2}g0) oJsld UokAolle A 5184719 X|sl5%
o] 7EElo] glom 220580] AL, 290550 FUE,
2Kdgo] 71, 7IEPE 38eltk. Akt Ak ARG oF
825%F miyrolH, o]z Aggo] 3335k milyr, FH-E]
466%F m’/yr, 2FF-8-0] 26%F mi/yrelth XS] oF
80%7} RISl ML=, 20%7t TASH 3}
ol ZEs]o] ik B Xslgol A EXE
F G5 TRl AEEo] glom, Askel= sk
FHoX= A3 5m Wje]olar, AkA]e] AlFolA= A
3} 1020 m 9o, ARGl |33} 20~50 m
Aot
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3.1 X5k 2% ofd "It

3.1.1. 7= DRASTIC X2 (Original DRASTIC Model:
ODM)

vl= 3%l ZdE 719 DRASTIC 2E2 770
o] CIAZ o]&3le] WHo] 100 Acre(404,690 m?) o)t
o] B Hof| A8, LFEH] AFHNA et F
A Atz FdEe 2e 7Psinh 7 Ak Aske
Ho] Zlo]|(Depth to water), A5l U= (Net recharge),

T% T4 LY (Aquifer materials), EY FF(Soil
media), A& “AK Topography), B33}t 324 (Impact
to vadose zone), 52| A== (Hydraulic conductivity)°]™,
7} QIAFES] 7FEA= Table 190, 7+ QIAFE<) dish HE]
9} 55 Table 200 AA=o] Tt

DRASTIC Index?] AR 242ke] DRASTIC $1AFEo]

83 WP ASE0F Aok

o
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Table 1. Weights for DRASTIC factors

29

Factor

DRASTIC Weight

Depth to Water

Net Recharge

Aquifer Media

Soil Media

Topography

Impact of the Vadose Zone Media
Hydraulic Conductivity of Aquifer

5

W L = N W A

Table 2. Ranges and ratings for 7 DRASTIC factors

(a) Water to depth (m)

Range
0-1.5
1.5-4.6
4.6-9.1
9.1-15.2
152-229
22.9-30.5
3048 +

Rating

— N W W g O

(b) Net Recharge (mm)
Range
0-50.8
50.8-101.6
101.6-177.8
177.8 - 254.0
254 +

Rating

O 0 O W

(c) Aquifer media

Range Rating

Massive 1
Metamorphic/Igneous 2
Weathered Metamorphic/Igneous 3
Glacial Till 4

Bedded Sandstone, Limestone and
Shale Sequences

Massive Sandstone 4
Massive Limestone 4
Sand and Gravel 4

Basalt 2

Karst Limestone 9

Representative
Rating
- 2

3

5 3
5 4
6 5

]
el
[e)}

O 0 AN &

(d) Soil media
Range
Thin or Absent
Gravel
Sand
Peat
Shrinking and/or Aggregated Clay

Rating
10
10
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Table 2. continued A Ao =79 7EERE FeélA BT SAksit)
(@ Soil media DRASTIC Index = DpDyy+ RyRyy+ ApAw+ SpSy+ TaTy
Sandy Loam 6 LIt CoC 1
Loam 5 Rw R (1
Silty Loam 4 o714, RS SFoln W 71Ex|o|th. DRASTIC A&
Cla;;[ Liam ; = ow =doA] A3l 2.9 /\Lq];g]o] Zokg e wr}
uc
Kol oo
Nonshinking and Nonaggregated 1 O]——Eﬂ ©[&= ™, DRASITC A7} & AHE A7}
Clay w2 Aol Hlg 29 7Fs/do] =t DRASTIC AF—=
(¢) Topogrphy (%) AR 7o, ARl 7P oot
range Rating A7k 9] Zlo](Depth to water)= EFNA S4
0-2 10 8 Aseis} kel ARE ol8sis o AU
62 '162 z (Net recharge)®] AFE2 STAREA], A8l5¢] M4,
o 3 ARERA 5 ol J1A) Fel slel B3 e
18 + 1 55 ﬂ%ﬂﬂﬁ‘jr(Park, 1996; Choi and Ahn, 1998;

(f) Impact to vadose zone
Range

Confining Layer
Silt/Clay
Shale
Limestone
Sandstone
Bedded Limestone, Sandstone, Shale

Sand and Gravel with significant Silt
and Clay

Metamorphic/Igneous
Sand and Gravel
Basalt
Karst Limestone

Rating

Representative

Rating
1

A NN N W W

O oo

(g) Hydraulic conductivity (m/sec)
Range
472 %107 ~ 472 %x 107°
472x107° ~ 142 x 107
142x107*~ 330x 107
330x 10 ~ 472 x 107
472x 107~ 9.44 x 107
> 944 % 107

0 N BN

Rating

Table 3. Net recharge parameter

MOLTM - K-Water, 2012; Cho et al., 2008; Koo et al.,
2013). 1} £ AFollMe AFAFS 1 kmx | kmd]
AR TRt Askr LAFoSs Hrlete] ARt
F7F 871w, o] vl o3t 7} Aol A o] x5}
TS A2 dd-0Z ofe 8ol meEhA £
AT M= Piscopo(2001)7} A|2FsH Table 3] HPHS o]
oo, 2t AReX Y Al RS ARSIl o]
e B —E?*}F/‘q ﬁ 2 AR At T
N RS ol&sle] ] FuS A, Ast
T L97Fs73%71elA ‘?%0] o853l JTH(Chitsazan &
Akhtari, 2009; Baghapour, 2016).
=% W& (Aquifer media)dll e 5H2AL %
9 X]"]J)r AAFE AREE o838t AXslaL, EY
& (Soil media)ll ek 5HZEHL AARALE F3)
EYY X E VIR AAsta, AFe HA
(Topography)= 1:5,000 29| XA =2} DEM(digital
elevation model) AI52E EU|Z GISE o]&3sl] 2743}
Exsle] #4422 (Impact to vadose zone)q> ESF
7} QFAol] tigh EFAL AR E AL, THAEE
(Hydraulic conductivity)= Y5AIEY S21AFelA A

ol A7E o8-St

of

-

r-{o

(o3

I

Soil Permeability

Rainfall (mm/yr)

Slope (%) Recharge Rate

Range Factor
High 5
Moderate to High 4
Moderate 3
Low 2
Very low 1

Range
> 850
700~850
500~700
<500

Factor
4

3
2
1

Range Factor Range Rating
<2 4 11~13 10
2~10 3 9~11 8
10~33 2 7~9 5
>33 1 5~7 3
3~5 1

J. Soil Groundwater Environ. Vol. 23(4), p. 26~41, 2018
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Table 4. Land use classification (Barry & Wayne, 1990)

Range

Landfill/dump, Industrial waste disposal
Agricultural land, Auto junkyard/salvage

Quarries/gravel pit, other surface mining, Waste water spray irrigation, Confined feedlot

Unconfined feedlot, Miscellaneous urban

Golf course, High-density residential
Median-density residential, Seasonal trailer park
Low-density residential, Wastewater treatment plant
All others

Weight: 3.5

3.12. 7§¥ DRASTIC R 9 (Advanced DRASTIC
Model: ADM)

1) B7RR1AE Kot

Syl ehiAjslrE o] 99 dEs
2hx| FEshke dl, 53] 284 9ho] dgE A
] Ao Me el g 2214 =7l A, 9
o, 95 59 dgo] Ay fred 7ol Fa%

28

-3

k5 3] wlizol], Askr LAFHTRE oA el
gE dgo tigk aert dasith 7R B4

ZAL A159} DEM(digital elevation model)Z Landsat
™ 94 A=E o83tk 7% EE(Lineament
density) Aol M= Az o, A= A, A7 1
2K TN, AdERre] A 9 AdeE WEF ol aE
4 SJTH(Casas et al, 2000; Kim et al., 2004; Abdullah
et al, 2015). ¥ AlH= 1kmx 1km =719 A=}
HlollA] Adtzee] dNIEe} Zold ghe ol&sl] A=
silor, 7EeAle 158 AAsITh 7RIS AA &
Fek o= ATFAIYY PSS o] A8d oA
S 2 IF(aperture)®] 7|7} AA] 2 F 0= AT
7] wEolc, AaE dx e (2 29 S A8

a3ict

ot R

HAE U
) Fp H7E NTEN) A FHAR 7S] Do)EL)
+
A ZAPY HTFE FTNFN) A A HFE BT )L

2

sl 2AF e BEX] o]gagdl| weh FIS

Wol WA . B A= Table 49} #o] Barry

& Wayne(1990)0] #AA§F Exolg SH< 2881t

EX0]g-L X3l 295l wXE gk Z7] w)
o, 7EEXE 3.55 A%k

3.1.3. #X] DRASTIC 2 ((Fuzzy DRASTIC Model:
FDM)

I7HE Afare} Adojolx] FF B AY Begh 3%
S 2] doh. E]9] Alare) doje S 9, 037 |
o9} o e T 2@%e] ot o]Hg gt dS
HA (fuzzy)Pkal P4, Zadeh(19657F HA2] 7S 5}
Aoz FuEEINL. v YAAE oty A
e R "ok HRAe} G5 S TR A
gk zlol7} ok SHE-2 o ARdo] dold ThsAE A
AlBIARE, HAI= oust do] 578 Aol @il &

she A= WERIt

1) HA A o
Az ) A Aol 2E0] glew, x= g A
A e PR S0 W vb B AL A ol
YR 428 (Fuzzy membership function)®] o=

H¥ K (Demicco & Klir, 2004).

r

B e

l,xeA

ﬂA(x):{O’xe P 3)

Ak b A Al 259 2E5TF g 1, 259
A gow a&FS g2 oo] "ok web HEFS
(Crisp setPlAfE 2:3500] gk 03} 19] iRt ZA1
ot 28y JA-EH(Fuzzy setelXe 94 7 I A
o AEHEA RS FRlEHA A-sks AAVE EAs)
2 gketh b 94 xe J3 Al A&EE AR
wEbA 0} 1xjole] Fre= wH" 4= Qirh &S g
o] 10l 7P Aol Axrt wom, v ool 7H7t
U A% ATt grhks AS JERATHPark, 2008).
HRAESEe] A= Cosine amplitude method
(Ercanoglu and Gokceoglu, 2004)2} Frequency ratio
(Park et al., 2005)°] 2Jgt o] Utk HA|AE5o|
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INPUt  Euzzification INference engine

D I Input 1 }4>.

R *’ Aggregation

A lm—> : Def"?i?caﬁm

s | fmma} i § A T (RO

%

ey —
ST —

Fig. 3. Fuzzy logic structure.

+ A8 (Triangle type), AFCF2]E (Trapezoidal type), &
F(Bell type), AF1& (Sinusoidal type), 7F-A12F8 (Gaussian
type) & A& 7FA7F UThLee, 2004).

HAZD2 2| SHfuzzification), F=7]-(inference
engine)2} ©HX|8H(defuzzification)?] 3THAIZ %o STk
(Nadiri, 2015). A3} GAlelxM= BFe] QRS A
Hgro g npprolal, FEATE 713 (rules)0& 3%
EREE 3 Y] AFEZ vheo] T HTHeE FE
T2 gRslE BEe] A85E vhEodthFig. 3). A
o]2oll= Sugeno fuzzy logic(SFL), Mamdani fuzzy logic
(MFL), Larsen fuzzy logic(LFL) 5°] ITHNadiri, 2015).

Dopthto water
wniwe
-
-

(a) Depth to water

(b) Net recharge

(c) Aquifer media

Aquifer media

(d) Soil media

(e) Topography

(f) Impact of vadose zone

(g) Hydraulic conductivity

Fig. 4. Thematic maps for 7 layers of Original DRASTIC model.
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(
-

4, A7Zn U 1

4.1. 7|Z DRASTIC 22/(ODM) HE

4.1.1. 7} AP BEE

YA AL 1 kmx 1 kme] ARE 783 &, 7+ Az}
2] ZHNodeyll A 771 ARl tigh 5+ (RatingyS 2
At ARGl 25 89le] Aol AR,
7} Aol tist ™™ 2387F AAEAT. 70 Rk 55
o gk BEETE ArcGIS 1043 o]-83te] ZAdsion,
Fig. 4] Ag]=o] Ut

A&} (Depth to water)ell et =325 (Fig. 4(a))lIA]
= Ui A <o) 57 Sl g o, 7~8 SHl
e A9 A2 et AekraFHH(Net recharge)
B XS (Fig. 40b)AE 7-8 S7o] A8y, 5-73%
HlZo] Zitk. 1 olf= BUAAe] A
o] Z7] Wil Jehd dgeltt. tigEulE (Aquifer
media) X5 (Fig. 4(c)ellAe tiFto] 1~3 55l &
ah], DA FANE 525 T U] BRE
Whe Seidrae] Reieh AdE F4E 689
FEIEE Bt} B (Soil mediaptE = (Fig. 4(d))Pl
Ae HEA loam~loam®l| T 3~5 SHo] A}
o, BT G5 F2elA 2ol FHeksh 2efel At
Z5o] Al veRdtt.

8~10 H %=

ol N,

A& 2] 74X Topography) H-¥E% (Fig. 4(e))N = 12%
oel Fste Al ek 039 Sl RS
AA)ste), BeFT SN 6% olste] et A
AL o}F 9-10 SHE ek 3ich. B w2
(Impact of vadose zone)2] %= (Fig. 4(H)lIE 44
< Yel= 1~45F0] tiiZelH, Aol gk A=l
Me HEY HEZ} 49 EYTol 46555 olFaL, ¥
F FEAME 2ot A= F9E0] 6-8 o
S YehdYh $8] A =% (Hydraulic conductivity) 3£
(Fig. 4(g)y= Aelrgo] v dritigoln 7hds o
o9 ke B8 el 153 (K: 0.2~2 m/day)@]

BYE Jehly, Dok 357 ddore S50
1e]

Asla7t diigolold vl w2 F495 U

Elflo] 85 (K: 23~46 m/dayy7}A] LreERdTH

4.1.2. Original DRASTIC Index ¥¥%

ARG 7+ A Tl Al gt SHS 2
3 % 7 Aol 5 QR 53 7SS 3}
55 351 DRASTIC Index?} AF=HTh. o9} o]
2F=% DRASTIC IndexZ ©]83l9 EXEE THE0A
LEAGY A8l L AFHIE Bk & Stk 719
QRS o]83le] 4l=% DRASTIC Index H¥%E Fig.
St 2om, FXLo Wl wE FHoY FE

£

Tlayers
<VALUE>

7 layer

Kometors <VALUE>
T ey v
-
[ memediate

[ vigh

[

(a) Groundwater vulnerability map by
adding DRASTIC Indices of 7 thematic
layers
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Table 5. Vulnerability degree of several indices

- 23

Table 6. Classification of lineament density

Vulnerability Ranges (Original DRASTIC Index) Range Rating
Very low <130 0.0~0.9 1
Low 130~150 0.9~1.8 2
Moderate 150~170 1.8~2.7 3
High 170~190 2.7-3.6 4
Very high >190 >3.6 5
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Table 7. Vulnerability degree of several indices

. Ranges
Degree of vulnerability 4 -ced DRASTIC Tndex)

Very low <130

Low 130~150

Moderate 150~170

High 170~200

Very high >200
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Table 8. Correlation between 4 DRASTIC models and NO3-N concentration

Original DRASTIC Model

Model (7 layer)
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Correlation coefficient 0.24 0.35
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