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ABSTRACT

In the present study, several groundwater vulnerability assessment methods were applied to an agricultural area of Gumma
in Korea. For the groundwater intrinsic vulnerability assessment, the performance of DRASTIC, SINTACS and GOD
models was compared and an ensemble approach was suggested. M-DRASTIC and multi-linear regression (MLR) models
were applied for the groundwater specific vulnerability assessment to nitrate of the study site. The correlation coefficient
between the nitrate concentration and M-DRASTIC index was as low as 0.24. The result of the MLR model showed that
the correlation coefficient is 0.62 and the areal extents of livestock farming and upland field are most influential factors for
the nitrate contamination of groundwater in the study site.
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Fig. 1. Parameters and related rating graphs for SINTACS (Civita and De Maio, 2004): (a) depth to water, (b) recharge, (c) unsaturated
zone media, (d) soil media, (e) aquifer media, (f) hydraulic conductivity, (g) topographic slope.
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Table 1. Ranges, ratings and aerial percent of DRASTIC parameters of the study area

Parameters Ranges Rating Weight Area (%)

4.57-9.74 7 18

D: Depth to water (m) 1.52-4.57 9 5 77
<1.52 10 4

R: Recharge (mm/yr) 333.81 9 4 100
Metamorphic 4 52

A: Aquifer media Igneous 6 3 9
Alluvial 8 39

Clayey 1 12

Fine silty 3 4

. . Fine loamy 4 72

S: Soil media Coarse loamy 6 2 6
Loamy skeletal 7 4

Rocky 10 2

> 18 1 56

12-18 3 9

T: Topography (%) 6-12 5 1 10
2-6 9 6

<2 10 20

Metamorphic 4 52

I: Impact of vadose zone media Igneous 6 4 9
Alluvial 8 39

1-100 1 52

C: Hydraulic conductivity (GPD/ft%) 100 - 300 2 2 9
300 - 700 4 39
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T A Hliﬁ}fﬂ e, FeRAEEe] A4E 2Fgst
tﬂl o] B AHwo| o)y wiite] AAT A o
AR F& EHE Frofuls FA50] ogo] 7ksEe] v
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4.1.2. SINTACS =& A3} pRaste o ;
SINTACSE o83t A3l 99 Ziehd Hrle 9l - o
DRASTICH 78 vl oz 770e] 2z} 21z} & W9l u}p =12;1:z Cosos 1z 1 za
£ 53 7FXE Fofslitk(Table 2). 953 1Y <l Fig. 4. DRASTIC index map of the study area.
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Table 2. Ranges, ratings and aerial percent of SINTACS parameters of the study area

Parameters Ranges Rating Weight Area (%)
1.59-2.75 4.8-6.4 11
2.75-3.76 6.4-72 20
S: Depth to water (m) 3.76 - 4.67 7.2-79 5 26
4.67-5.75 7.9-8.6 26
5.75-793 8.6-9.6 17
I: Recharge (mm/year) 333.81 8.4 4 100
I hi 4 1
N: Vadose zone media gneoTls/Metamorp ¢ 4 6
Alluvium 7.5 39
Clayey 1.2 12
Fine silty 35 4
T Soil media Fine loamy 4.5 s 72
Coarse loamy 5.75
Loamy skeletal 6.6 4
Rocky 9.9 2
A: Aquifer media Igneoys/l\/[etamorphlc 8.5 5 39
Alluvium 3 61
Alluvium 25 39
C: Hydraulic conductivity (m/s) Igneous 23 2 9
Metamorphic 16.4 52
> 25 1 15
21-25 2 6
18-21 3 5
15-18 4 6
12-15 5 8
S: Topography (%
pography (%) 9-12 6 3 10
6-9 7 12
4-6 8 8
2-4 9 8
0-2 10 22

X}Oﬂ tialix= Civita(1994)7F AR 3ES
2= Ax|de] AXH o7 EUTE)

J_Eﬂo}O:] A Aol Uls) A ZHS ol esiar).

A4 E SINTACSS] S5 2Pl wle} 2+ A

o e SR 2l ) Aol S

Fo] Alslder. 1 2% 3.76 m-5.75 mY] B 7P
i)

=& HES A e ALZ YET FeFe
DRASTICE} PR IAE B<=A] B2 oJs)] ARdE Zk
S °]83INT 65 FS Fof HQThH ﬂ%*ZUHX‘A g3
< WAAERS SHS5 VY FEoE ERet 4t

O

RS WABFIITE 61%, FH5L
AR, Bl EUEY 2 BYE
N SHOE st AFFEAIL, DRAS

39%2] HE-S
2o wet 6
TICH} 78 H]

&S Bt FElHEEE AT AY AEd gk &
Agks o83l i TEoE ERF3IMIL SINTACS
Sa 2K AAC A8315tt. A B EARE DRASTICH
2o o E AR (%)S T3k 0->25%2] HS
we} 10-19] 550 st AHgE ATk
29z QA E 5 R UkeikSs o] &3t
SINTACS®] HF A(SiE 2Heh 27 A+A99] Si
= FHAgEE 1310, HUlgke 247.09 B2 eI
Si¢] Prit AefR|de- Wl Y (Low or Very low)
FoRAE HolH 'o‘}x% 9 FH5L =& (High or
Extreme) —.J‘”:X] = UepPdthFig. 5). SINTACS %7}
EJJr DRASTICY| HloH FARE] FHoHdS Hole A
o] we Azz UeRdt}. 3], DRASTICOAE Akt

J. Soil & Groundwater Env. Vol. 18(3), p. 119~133, 2013



126 LU iale-

B PAYG - olFE - YAy

Table 3. Ranges, ratings and aerial percent of GOD parameters of the study area

Parameters Ranges Rating Area (%)
Unconfined 1 39
G: Groundwater confinement Semi-confined 04 61
Residual soils 04 12
Alluvial silts 0.5 76
O: Overlying Strata Aeolian sands 0.6 6
Alluvial and fiuvio- glacial sands 0.7 4
Alluvial- fan gravels 0.8 2
5-8 0.8 22
D: Depth to water <5 0.9 -

SINTACS
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I Low s
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I High e — e Kilometers
- Extrome 00306 12 18 24

- Yery extreme
Fig. 5. SINTACS index map of the study area.
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Table 4. Results of correlation analysis between vulnerability methods

Method sDRASTIC sSINTACS sGOD sDSG

sDRASTIC 1

sSINTACS 0.859

sGOD 0919 0.885 1

sDSG 0.952 0.974 0.932 1

Table 5. The aerial percent of vulnerability categories

Category Range sDRASTIC (%) sSINTACS (%) sGOD (%) sDSG (%)
Very Low 0-0.25 40 22 61 32
Low 0.25-0.5 21 43 16 30
High 0.5-0.75 28 31 21 33
Very High 0.75-1 10 4 2 5

nSINTACS, nGOD, nDSGE HH3Ith Al 7IHE &
gk nDSGY| FHoPd XS BY HAHQ] o X
552 nSINTACSS} FAKE FEfS HSITh nDRASTIC
o9 F=2 FHoRY A o] TS wt WA st
nSINTACSE= B2 F|ofA|¥o] 75415 w2t wA
323l nGODE AIAIGH FEAE wet vi-g- v
7} WA B¥sh=d), nDSGe= ol2gk Al 7o) z+
7] B 5A0] A2 gslE FHodw BE FHE Bk

ZF 7S] fAMSS H7kel] Sl Sjols] A &
X (Pearson's correlation analysis)yS ©]&3lo] F-ol=
<0.01914 2} 7]j3Ee] A B4 8ISt (Table
4). A B4 Aa 2E 7Y 7N foeas =
sle A3E Holw AR o] 2 302 vl
o} 7} 7TH7E] fAMdS EHA nSINTACSS} nDRASTIC,
nSINTACSS} nGOD Ale]9] Zgatdo] Jrfdes vk
Aoz uvebgt. o] €kl nDSG9F nDRASTIC,
nSINTACS, nGOD9}= “F8715= 0.93 oPde] =2 4
o] YeldEd ol8igh Axk= nDSG7} ZF 71¥e] 54
< & 9gste As 9risith

AE-FH DRASTIC, SINTACS, GOD, DSGS A
20 Blus 3l ZF 7 HE Ag HEE WA v
&S AR tKTable 5). 2+ 7IHE EAS B,
nDRASTICS & 7] Z vi-$- Z=5(Very High)®] Hl
0] 10%= 7FF =4 Ueldth nSINTACSE EE 7]
H F S (Low)2] HlIE0] 43%2 7P =4 Yehston
nGODE "% $&-(Very Low)d] HIEO] 61%= 7F =
A vehdth, 90 w8 nDSGE w9 SES(Very Low),
S3(Low), =o-(Highyd] BlE0] 7+ 30% J== 12
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Fig. 8. Distribution of NO;-N concentration and land use map of
the study area.
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Table 6. Modified ranges, ratings, and aerial percent of M-DRASTIC parameters

Parameters Ranges Rating M-rating Weight Area (%)
>15 7 10 77
Depth to water (m) 5-15 9 7 5 4
<5 10 7.2 18
Recharge (mm/yr) 333.81 9 9 4 100
Metamorphic 4 6.5 52
Aquifer Media Igneous 6 10 3 9
Alluvial 8 7.2 39
Clayey Soils 1 2.5 12
Fine silty 3 10 4
Fine | 4 . 2
Soil Media e foamy >7 2 7
Coarse loamy 6 2.3 6
Loamy skeletal 9 0.6 4
Rocky 10 2.9 2
> 18 1 7.8 56
12-18 3 10 9
Topography (%) 5-12 5 9.4 1 10
2-5 9 9.8 6
<2 10 8.8 9
Metamorphic 3 6.5 52
Impact of Vadose zone Teneous 6 10 5 9
Media &
Alluvial 8 7.2 39
1-100 1 6.5 52
Hydraulic Conductivity (GPD/ft%) 300 - 700 4 10 3 9
1000 - 2000 7.2 39
o] ¥go] Yehh= 2o Helnh A A EETE 299 mg/LR 7Y ot 105 H0R
&}, oo W} clayey= 2.569 fine loamy= 3.7
42.1. M-DRASTIC #& Zz} 55, coarse loamy= 2354, loamy skeletat> 0.654,
AT Aol Ak Ak FEES o§3l] FHE M- rocky 295308 A% Rofalglr). vixEom A}

DRASTIC 55 % W3 EXE= Table 67 2t 5+
74 A A= (D)e] B ol TE tEA 7}
2 91457 -9.14 mpelA Bt A A Fot
7P =4 UEhY 10558 Folalalar, 7Fg W& Y
(<1.52my= 7265302 1.52-457m HYole 7553L
2 B3I A8l FAFRyS AT7AY Aol
o] ks 28] wiitoll 7€ DRASTIC 555 Wt
o A #4172 F, dieg A vIEs v
(1), FEIAEE(Cy= DRASTICIAAE HASF Y 7F%
w1 FATo] TP =ko), S8 Ak dAe] i
T 557} 3P3ROlAE 147 mg/L, $3Z0XE 10.6
mg/L, 9ASFAAE 9.5 mg/LE YR SRl 7t
T =2 10655, 459 1254, WISF 6.569

S B3t B9k wiA(S)2) A fine siltye] i A

(T A5 12-18 AH%) M= H A 24 F
7 122mgLE 7P =0} 106528 FoJ319ial, o]
o Wt >182 785+, 6- 12 945+, 2-62 9.85
w7, <2 8858oE Ak Foaldnt. 7beA 4 W
HE 7F AP T A A Frole] A
(Spearman's rtho)S 53l 23t ARISofvF FH-Ls5=0
£ AFollMe AR 2y BE QAN frelasE
< WSS Rate A%E JEhd, TeAe 7€
DRASTIC®] 7FA|E 283l & M-DRASTIC index
£ 2H38larkFig. 9). 1 A7 7]1&2] DRASTICS 3
AZAM FHdErT =A 7 A2, M-DRASTICS]
7BF TAFY T GolA|a RN A9 F
R} AlFog Eold Az Yelit) ojgd 2
= DRASTICH M-DRASTIC®O] 77FA]9] ¢la} & =
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Table 7. Results of correlation analysis and RMSE value between NO;-N and output value of MLR models

Model RMSE

r* P-value

100 point 6.824

0.622 < 0.000

*Correlations are significant at the 0.05 level (2-tailed)

M-DRASTIC

126.9-136.3
[ 136.4-1503
I 1504 - 162.4
Il 6251774

Fig. 9. M-DRASTIC index map of the study area.
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SYHHSE EEITh 5HES 48 A5 AL S8l

g 4F WY (buffer)S 278kl 3 U] =(P),
), FAAR), FAHL), dokF)e] Bvle} it AL

(S) & it IE(EYE APt W vPEe A7 A
o] 1007 ol gk My vhE Ak HA %
of Sguele] At 48 T3 200 m2 273
B AT A s AAE Ak da
33 e v 2k
NO;~N=12.196+(~7.410 x P)+(11.198 x U)+(8.685 x R) +
(149.6 % L) +(~2.239 x F)+ (—4.744 x S) +(~9.285 x E) 5)

AAE B2Fol g #5 =] ATt 4
AF Bt AFEHRMSEYS ZH} 0.629) 6.82 mg/LE
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AREJIL FolEE 0055 BEBhe Ao® Yehdtt
(Table 7). 0837 &<42] 138} AlG=(standardized
coefficienty= =(P), ®(U), FAA(R), SAKL), YoKF)
of thall ZFz+ —0.203, 0.216, 0.117, 0.425, —0.055°]3L
ZAKS), A= (EPl sl 2+ -0.076, —0.2022 A=A
ot mEbA O3 ARA Ae B AT A9 Asi 4
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