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ABSTRACT

Miryang City, the study area, has a water supply rate of 87.4%, which is 12% lower than the national water supply rate of 99.4%,
but has a high dependence on groundwater due to the high ratio of farms. In agricultural areas, contamination becomes relatively
more critical, requiring significant attention to the management and conservation of groundwater resources. This study aims at
estimate groundwater vulnerability of Miryang City using the DRASTIC index map, Piper diagram, and water quality data to
correlated with the DRASTIC index. The results from DRASTIC map were divided into five classes: very high, high, moderate,
low, and very low. The areas in central and southern part of study area, which are characterize by a very high index with [Ca-Cl]
and [Na-Cl] water types, covering a large alluvium with the Miryang River and Nakdonggang River. In addition, a correlation
analysis between groundwater quality parameters and the DRASTIC index was carried out. Chloride, sodium, and sulfate ions
showed a weak relationship with DRASTIC index, with correlation coefficient was 0.507, 0.487 and 0.344, respectively. These
results suggest that aquifer media, soil media, hydraulic conductivity, and chloride ion are important factors for groundwater
vulnerability.
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Fig. 1. Land use map (a) and geologic map (b) with groundwater wells.
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Table 1. Distribution of Vulnerability class and range based on DRASTIC index

Authors Vulnerability class Class Range
Low 47~92
Moderate 93~136
Aller et al.(1987)
High 137~184
Very high 184
Very low 49~79
Low 79~87
Back et al.(2021) Moderate 87~95
High 95~104
Very high 104~137
Very low 74~105
Low 105~125
Bera et al.(2021) Moderate 125~148
High 148~180
Very high 180~198
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Table 2. Assigned weights for DRASTIC factors

Factors Weight
(D) Depth to water 5
®) Net recharge 4
(A) Aquifer media 3
S) Soil media 2
(T) Topography 1
O Impact of the vadose zone 5
©) Hydraulic conductivity 3

Table 3. Ranges and ratings of DRASTIC factors (Aller et al., 1987)

Factors Range Rating

0-1.5

—_
(=]

1.5-4.6
Depth
o 4.6-9.1

water 9.1-15.2
(m)

15.2-22.9

22.9-30.5
Net 101.6-177.8
recharge (mm) 177.8-254.0

Metamorphic/Igneous

Weathered Metamorphic/Igneous

Aquifer media Bedded sandstone and shale sequences

Massive Sandstone

XA ||| W | ||| W | WL | Q]| O

Sand and Gravel

Thin or Absent 10

Gravel 10
Sand

Soil media Sandy Loam

Clay Loam

9
6
Silty Loam 4
3
2

Muck

0-2 10
2-6
6-12

Topography
(Slope %)

W | b | O

12-18
18 +

—_

Metamorphic/Igneous
Tuff

Impact of the vadose zone
Sandstone and Shale

o || | &

Sand and Gravel

472x107 - 4.72x10° 1
3.30x10* - 4.72x 10" 6

Hydraulic conductivity (m/sec)
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Fig. 2. Spatial distribution maps of DRASTIC factors.
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p-value < 0.05& -2

APA A 2|5HR] pHE 6.6~9.5, EC= 107~908 S/

Table 4. Temperature, pH, EC, ORP, DO of groundwater samples
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cm, ORPE= —90.0~166 mV, DO:= 1.1~132 mg/Le] ¥9=
Holth GW-68, GW-42, GW-54, GW-672 EC Zko] 908, 561,
509, 504 pS/cmO.2 LERFTHTable 4). YHF o2 0 ¢E]7]
oro &0 ECO| H &)= 50~500 uS/em ©|H(Kim et al., 2024;
Cha and Seo, 2020), EC7} 242 A|5}o] o]20| Wol
SRl oulgith. AFA e oFFol 4 A= Table

Well T(C) pH EC (uS/em) ORP (mV) DO (mg/L)
GW-35 16.8 7.73 183 91.4 427
GW-36 16.1 6.86 229 91.2 8.01
GW-37 19.5 755 294 98.4 1.45
GW-38 19.6 7.84 231 90 1.40
GW-39 175 753 366 108 6.34
GW-40 162 7.12 214 104 343
GW-41 17.7 758 200 109 4.86
GW-42 19.1 736 561 105 1.91
GW-43 224 7.13 401 108 230
GW-44 20.0 933 201 26.8 1.86
GW-45 18.1 7.46 379 113 5.28
GW-46 19.1 9.45 207 684 1.35
GW-47 188 7.88 160 50 630
GW-48 17.7 7.44 250 -86.0 1.92
GW-49 193 6.68 162 166 8.83
GW-50 19.8 6.57 248 132 3.68
GW-51 175 731 209 96.2 458
GW-52 20.4 8.90 378 82.4 481
GW-53 16.1 7.04 231 139 6.76
GW-54 215 7.11 509 129 112
GW-55 17.8 6.94 483 126 6.08
GW-56 18.8 743 234 45.7 3.14
GW-57 182 736 496 106 625
GW-58 18.6 7.84 193 30.4 9.05
GW-59 19.0 8.57 146 112 311
GW-60 182 7.93 107 322 132
GW-61 183 7.48 328 87.6 5.60
GW-62 16.7 755 293 82.4 2.01
GW-63 17.0 758 301 79.5 6.00
GW-64 179 7.83 280 85.1 477
GW-65 175 7.86 255 75.9 483
GW-66 18.6 7.64 398 98.3 3.76
GW-67 17.9 735 504 101 8.10
GW-68 20.1 8.38 908 317 1022
GW-69 183 8.09 311 63.9 2.94
GW-70 20.7 7.96 219 79.0 6.82
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Table 5. Cation, anion concentrations and TDS for groundwaters with water type
well Na Ca™* K Mg* cr NOy SO/~ HCOy TDS Water
mg/L Type
GW-1 26.8 20.8 1.0 2.5 132 0.8 14.8 128 208 Na-HCO;
GW-2 16.3 38.3 5.0 134 20.7 0.6 424 134 271 Ca-HCO;
GW-3 42 4.8 0.7 1.5 5.1 2.7 4.0 27 49.9 Ca-HCO;
GW-4 12.4 42.6 0.6 0.5 9.6 0.7 90.3 62 219 Ca-SO,4
GW-5 10.9 57.9 1.4 13.9 30.1 1.0 70.4 195 381 Ca-HCO;
GW-6 10.5 45.4 1.1 10.0 15.9 17.7 18.7 159 278 Ca-HCO;
GW-7 53 7.4 7.0 2.0 3.8 2.8 2.7 45 76.0 Na-HCO;
GW-8 15.3 47.0 0.8 2.8 12.9 9.9 65.4 104 258 Ca-HCO;
GW-9 10.3 345 0.7 6.5 8.1 3.1 31.2 122 216 Ca-HCO;
GW-10 12.2 41.7 2.8 7.1 13.0 0.1 75.9 112 265 Ca-HCO;
GW-11 11.2 155 1.5 19.1 16.9 0.6 393 120 717 Ca-SO,4
GW-12 103 8.8 1.1 2.0 52 21.0 8.2 34 90.6 Na-HCOs
GW-13 9.7 9.0 0.8 2.7 9.4 11.8 9.0 51 103 Ca-HCO;
GW-14 241 8.2 7.9 39 230 0.7 64.6 343 899 Na-Cl
GW-15 107 7.3 4.5 2.9 78.1 2.8 53.8 198 454 Na-HCO;
GW-16 354 244 6.0 8.2 322 0.7 42.1 112 261 Na-HCO;
GW-17 19.6 22.9 2.9 6.6 44.0 0.1 44.8 82 223 Ca-HCO;
GW-18 21.8 21.0 3.0 7.0 36.0 0.0 2.0 127 218 Ca-HCO;
GW-19 84.3 117 1.3 18.1 272 0.3 194 65 751 Ca-Cl
GW-20 16.5 48.8 0.6 15.7 41.1 0.1 50.7 188 362 Ca-HCO;
GW-21 22.4 40.9 1.3 11.9 455 14.7 33.6 173 343 Ca-HCO;
GW-22 20.6 154 4.8 9.9 43.6 0.7 60.5 51 207 Na-SO;
GW-23 12.8 11.7 0.9 33 14.4 6.6 24.1 40 114 Ca-HCO;
GW-24 12.2 20.8 4.1 7.1 18.1 252 34.8 54 176 Ca-HCO;
GW-25 7.6 43.0 0.9 5.8 132 154 52.9 101 240 Ca-HCO;
GW-26 10.5 29.5 0.8 2.1 53 0.7 46.4 84 179 Ca-HCO;
GW-27 9.6 40.2 0.8 6.4 12.3 0.0 39.1 112 220 Ca-HCO;
GW-28 16.9 71.0 1.3 14.1 46.2 39.0 51.8 171 411 Ca-HCO;
GW-29 11.5 39.5 0.9 7.1 11.1 1.0 15.2 161 247 Ca-HCO;
GW-30 927 896 16.3 90.0 3554 0.0 301 288 6071 Ca-Cl
GW-31 256 199 18.1 66.4 938 0.0 2.8 296 1777 Na-Cl
GW-32 253 73.9 18.1 345 528 6.6 0.0 311 1225 Na-Cl
GW-33 176 198 26.5 95.8 878 1.7 110 121 1607 Ca-Cl
GW-34 421 497 6.8 122 2055 0.6 31.6 196 3330 Ca-Cl
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Table 5. Continued (mg/L)

wall Na* Ca™ K' Mg’ cr NOy SO HCO5 TDS Water

mg/L Type
GW-35 72 19.9 0.9 4.0 4.5 59 14.6 104 161 Ca-HCO;
GW-36 8.4 34.8 12 45 57 215 24.4 72 172 Ca-HCO;
GW-37 16.7 26.7 0.9 4.6 115 2.5 24.7 128 216 Ca-HCO;
GW-38 8.9 30.0 0.6 1.6 1.7 0.2 234 113 179 Ca-HCO;
GW-39 17.5 409 0.7 4.0 9.0 33 39.6 150 265 Ca-HCO;
GW-40 9.3 24.0 0.7 4.1 4.8 0.2 47 131 179 Ca-HCO;
GW-41 7.3 27.8 0.6 59 22 5.1 0.0 162 211 Ca-HCO;
GW-42 323 40.3 43 4.5 56.9 4.9 49.6 107 300 Ca-HCO;
GW-43 12.1 39.7 1.1 10.0 132 22.6 34.2 91 224 Ca-HCO;
GW-44 30.7 8.1 0.3 0.5 2.9 0.0 16.6 104 163 Na-HCO;
GW-45 12.2 37.0 0.7 9.0 13.6 15.5 12.1 101 201 Ca-HCO;
GW-46 9.8 19.1 0.8 4.7 3.0 0.0 29.3 76 143 Ca-HCO;
GW-47 74 19.0 0.6 2.6 3.0 2.0 20.6 57 112 Ca-HCO;
GW-48 9.8 26.6 12 4.9 2.6 0.2 37.3 77 160 Ca-HCO;
GW-49 7.2 13.4 3.7 2.0 6.7 10.9 229 38 105 Ca-HCO;
GW-50 8.6 15.6 0.5 0.7 6.7 4.4 20.6 40 97.1 Ca-HCO;
GW-51 8.2 22.7 0.9 3.6 8.8 6.6 32.5 59 142 Ca-HCO;
GW-52 62.6 0.7 0.5 0.1 31.2 0.0 29.0 105 229 Na-HCO;
GW-53 8.1 19.6 0.8 8.2 74 17.9 8.9 99 170 Ca-HCO;
GW-54 37.8 27.6 0.7 1.3 50.2 0.0 31.2 67 216 Na-Cl
GW-55 17.8 743 44 12.0 24.1 48.1 23.0 171 375 Ca-HCO;
GW-56 13.4 25.7 4.1 115 19.8 22 15.7 126 218 Ca-HCO;
GW-57 16.4 59.3 0.9 9.1 36.0 36.5 229 172 353 Ca-HCO;
GW-58 113 23.0 0.7 2.6 43 1.1 15.6 92 151 Ca-HCO;
GW-59 143 15.6 0.3 0.3 3.1 0.5 7.9 73 115 Ca-HCO;
GW-60 8.1 8.5 0.6 1.8 4.1 8.8 10.2 31 73.1 Ca-HCO;
GW-61 112 36.2 0.7 6.0 10.4 5.8 11.9 183 265 Ca-HCO;
GW-62 7.8 35.1 0.9 59 2.6 0.0 2.6 162 217 Ca-HCO;
GW-63 8.3 36.1 0.9 59 6.4 11.0 14.0 113 196 Ca-HCO;
GW-64 8.3 324 0.5 4.2 8.7 0.7 30.0 117 202 Ca-HCO;
GW-65 9.4 27.9 0.6 33 7.4 6.6 12.9 117 185 Ca-HCO;
GW-66 14.4 493 0.6 45 20.8 30.1 17.8 171 308 Ca-HCO;
GW-67 15.5 71.9 0.9 6.3 252 43.7 315 199 394 Ca-HCO;
GW-68 38.7 147 0.6 1.0 14.7 0.0 392 66 660 Ca-SOs
GW-69 10.5 27.3 0.5 3.7 10.6 43 38.1 100 195 Ca-HCO;
GW-70 15.1 71.1 0.6 4.8 22.9 20.2 215 170 326 Ca-HCO;
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Fig. 3. Piper diagram (a) and hydrochemical map (b) in study area.
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Table 6. DRASTIC vulnerability class in this study

Vulnerability class Classification method Class Range Total area (%)
Very low Minimum value to ( x -6) 79-107 46.4
Low (x-0)to x 107-127 285
Moderate x to (x+o) 127-147 10.5
High (x+6) to (X +20) 147-167 117
Very high (x +20) to Maximum value 167+ 2.8
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35°36.00"
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747 g

Moderate
127

Low

Very low

Fig. 4. DRASTIC Index map in study area.

4.3. DRASTIC 2% Zn}

2 AFoA =EH DRASTIC A4 79~184F o] X427}
ES4E A9y 09 o] AHOR s AL
ofmjgict. A% e] FHA O] DRASTIC A|429] Bt (x)=
127, EFHAH(0)= 2022, AR Fokd 55& 572
TFE3ATE Very lowo] 3= WS 46.4%, Lows 28.5%
Moderatex= 10.5%, High+= 11.7%, Very high= 2.8%%
ZFA|gHH(Table 6). WY7d Yo7 FA99] L AFeF o]
A e, ols 3459 93] 496 A A
Aty o] Hgt dFe e E Exsid wa
I, 18 FYUAEE AR FE YEREIL, o]F A
7HA9] QIAFEo] AME ARE 7|Rte R AAJE ] tEo R
o FAS A9e mefjol A 9 ARFo g A E o
OE A iAo vlel] gt SR Est 7] g

2 1l

YA 07 127~1849] FH& 7HTh SFAGE AREA] ¢ €]
SRR AR Eet B0 W WAoo
AafAo]7] wel 127 ofse] W FhE 2=
k. E3], 107 0|59 g2 2k AY92 Depth to water
#ol 152 m oo & W A5l 4Awe] g wo
Ao 2 FehEthFig. 4). DRASTIC |47} 127 o)Al
T W33t Ashs Aol YAsks GW-30, GW-31, GW-
33, GW-34¢] TDSE 22} 6,071, 1,777, 1,607, 3,330 mg/
Log A9 TDS Bt F%=<l 433 mg/LEth wj¢- =24
UEREIL, GW-30, GW-33, GW-34= [Ca-Cl], GW-31= [Na-
Cl] 322 QA$HQl L duut ofel B HE Lo Thixlo]
= T G Bl QIS AARtHHamm et al., 2006).
E3F DRASTIC A57F A U Ao 9 45 299
EAuEL o] 54 gso] AujAol7] wfie], HlE %

a9
T
lo

J. Soil Groundwater Environ. Vol. 29(3), p. 23~36, 2024



34 A A - SR 2 AR - olFR

Table 7. Spearman’s tho correlation coefficient between the DRASTIC index and Water quality data

Na’ Ca™* K Mg" Cr NOy SO~ HCOy

Correlation — DRASTIC Index 0.487" 0.068 0.350" 0.173 0.507" -0.213 0.344" 0.053

*=p<0.05, **=p<0.01

BAS BHGt AR

A=t 4 dlolg o A
#2442 Spearman AFHEAS AHESEGITE DRASTIC A4}
Crel 4aA7} 0.507(p<0.01°14 F2Fh= o] FofA

E}(Table 7). o] CI'0] DRASTIC
AE Z=the 2 AAR CI
| ok Zﬂ of AH-E= A4 st=Y
5 toR ogigloR ol
%‘ T ‘ZlEP(Panno et al., 2006; Dugan et al., 2017).
I s&7 S7kshd 2 ol AEA, 53] 2= Aol
F2 v 4 Qlth(Panno et al., 2006). LHHA O
£ 557} DRASTIC 469} o 4% 44 21
e A QAN CIE A8l @ A& 5 583 QA=
54 AollM e L7l S At Z:Zﬂoﬂ uhef
DRASTIC #=¢} 733t AttAE Uepd 4= 9lth(Kaliraj et
al., 2015; Srinivasamoorthy et al. 2011) wheba] R Ul Q

Zlo

0_9.

AT A 1) —{N flov 2
> o ooz o
OZ: O

e, o

o r
]

5|

Cliso] gigh 2429l BUE L o]-g3t Bajo] Lasich
5.8
B ATE WK sejEst] B4 2 oA E
shebaly] Sla) Fa F-gole Amet £AAUANE
ol g3ttt Asl £ BA Ad; AFx g £ 4L

[Ca-HCO5] 72.9%, [Na-HCO;s] 10.0%, [Ca-Cl] 5.7%, [Na-
Cl] 5.7%, [Ca-SO4] 4.3%, [Na-SO4] 1.4%2] Hl&& Uehyt}.
GW-30, GW-31, GW-33, GW-34 o] 9|23k 5}70]A] [Ca-
ClJZ [Na-Cl] 39 4 f3o] BAE 2o Ho} g
AgE A9l 2 He FFe T Ao wotHnh E3
Y57t Q12 ol A= GW-30, GW-31, GW-33, GW-
34 %Xéﬂ TDS7} 2+2} 6,071, 1,777, 1,607, 3,330 mg/LZ
5 433 my/LET -9 S| yeppth wheba Hsrkat
s 2942 vgde 24 §39 Bl 9 TDS7}
k= Aol Uehus Aoz BAE91, ol HYsiyt
ek A GofAe] A9AQl o9 W 4 WEF AFY

L

rO ofN F_Q oE.
N

N
il

J. Soil Groundwater Environ. Vol. 29(3), p. 23~36, 2024

usigiel, 55 343 A% og 2Jep;
Hebsrend, o o o, e , Selas
24 og mug)

Jol o

> jo o o ma o
AHHHUﬁ

N

inS)

H

N

=

|o

HU

N,
o AL

fo +4r r2 X R fo

_119‘_‘ _].>E.

ox, Y,

% 3
4
i)
o
oft
_ﬁ_ o
lzl
o
=
>
2
d
@
II
?..
é
_EL
o

A L A9 ol tXHOP% xR
SRR Ysdmt QAHE Aol
I A3}, DRASTIC A&} CI'a} 9Fe]
, 0= Cl 5%7} &=o}&4=E DRASTIC
ofA|= Aol UEhstth 4 A GolA 9 Cl 529
2 AYeA o] FAA] FaFS A = 7] whEol,
ol By Elgo] "asteh shAE, ofH AfoA=
2023 X5t PEARE SE5H37] dol S 37144
T4 H3kE ERIskA| gt dAZE itk % 2 A 2iE
HIEFO 2 o] toflA] A|AEH 4] 9 EXx|o] 8ol A
ookt e asS REEdor vzt o adFl
QHF Ao 7Hs S A o & wetETh

o ye

o Lo o
i
rlr
B
18
e K
-4
B}
o 19

o
o,

rE

-

-1

=2

>

Sha

1%

-

N ox
l> = r?
o r

i )

i
ot
ro
QL
2
=

e oSt
B M}r

ox.
of

N
T

14

Al AL

EATAYA(2E)0] B0

kL]
Adhikary, P.P. and Dash, C.J., 2017, Comparison of deterministic
and stochastic methods to predict spatial variation of groundwa-
ter depth, Appl. Water Sci., 7, 339-348.

Aller, L., Bennet, T., Lehr, J.H., Petty, R.J., and Hackett, G., 1987,
DRASTIC: A standardized system for evaluating groundwater
pollution potential using hydrologic settings, USEPA, Washing-
ton, DC.

Baeck, W.K., Park, S.H., Yu, J.W,, Yoon, Y.W., and Jeong, H.S.,
2021, Mapping of Groundwater Pollution Vulnerability in Entire
South Korea Using DRATIC Model, GEO DATA, 3(2), 32-38.

Bera, A., Mukhopadhyay, B.P., Chowdhury, P., Ghosh, A., and



HJOFA] 2|5} 422 EAJT} DRASTICS ©]-83F @ GF|oFA] w7} 35

Biswas, S., 2021, Groundwater vulnerability assessment using
GIS-based DRASTIC model in Nangasai River Basin, India
with special emphasis on agricultural contamination, Ecotoxicol.
Environ. Saf., 214, 112085.

Cha, S. and Seo, Y.G., 2020, Groundwater quality in Gyeongnam
region using groundwater quality monitoring data: characteris-
tics according to depth and geological features by background
water quality exclusive monitoring network, Clean Technol.,
26(1), 39-54.

Cheong, B.K., Chae, G.T., Koh, D.C., Ko, K.S., and Koo, M.H.,
2008, A study of improvement for the prediction of groundwater
pollution in rural area: application in keumsan, Korea, J. Soil
Groundwater Environ., 13(4), 40-53.

Chung, S.Y., Elzain, H.E., Senapathi, V., Park, K.H., Kwon, H.W.,
Yoo, LK., and Oh, H.R., 2018, Assessment of Groundwater Con-
tamination Vulnerability in Miryang City, Korea using Advanced
DRASTIC and fuzzy Techniques on the GIS Platform, J. Soil
Groundwater Environ., 23(4), 26-41.

Dugan, H.A., Bartlett, S.L., Burke, S.M., Doubek, J.P., Kri-
vak-Tetley, F.E., Skaff, N.K., Summers, J.C., Farrell, K.J., Mc-
Cullough, I.M., Morales-Williams, A.M. and Roberts, D.C.,
2017, Salting our freshwater lakes, PNAS, 114(17), 4453-4458.

Environmental Geographic Information Service (EGIS), http://
egis.me.go.kr/main.do [accessed 24.02.26].

Envbigdata, 2020a, Aquifer media, https://www.bigdata-envi-
ronment.kr/user/data_market/detail.do?id=7f96b310-2{b9-11eb-
bc79-3b11eb915d6d [accessed 24.01.23].

Envbigdata, 2020b, Soil media, https://www.bigdata-environ-
ment.kr/user/data_market/detail.do?id=021e3a10-2fba-11eb-
8f72-932712f5aa3c [accessed 24.01.23].

Hamm, S.Y., Kim, K.S., Lee, J.H., Cheong, J.Y., Sung, I.H., and
Jang, S., 2006, Characteristics of groundwater quality in Sasang
industrial area, Busan metropolitan city, Econ. Environ. Geol.,
39(6), 753-770.

Hansen, B., Thorling, L., Schullehner, J., Termansen, M., and
Dalgaard, T., 2017, Groundwater nitrate response to sustainable
nitrogen management, Sci. Rep., 7(1), 8566.

Hauke, J. and Kossowski, T., 2011, Comparison of values of
Pearson’s and Spearman’s correlation coefficients on the same
sets of data, Quaest. Geogr., 30(2), 87-93.

Jeong, G.C., 2018, Assessment of Groundwater Contamination
Vulnerability by Geological Characteristics of Unsaturated Zone.
The J. Eng. Geol., 28(4), 727-740.

Jiang, Y., Wu, Y., Groves, C., Yuan, D., and Kambesis, P., 2009,
Natural and anthropogenic factors affecting the groundwater
quality in the Nandong karst underground river system in Yun-
nan, China, J. Contam. Hydrol., 109(1-4), 49-61.

Kaliraj, S., Chandrasekar, N., Peter, T.S., Selvakumar, S. and
Magesh, N.S., 2015, Mapping of coastal aquifer vulnerable zone
in the south west coast of Kanyakumari, South India, using GIS-
based DRASTIC model. Environ. monit. assess., 187, 1-27.

Khosravi, K., Sartaj, M., Karimi, M., Levison, J., and Lotfi,
A., 2021, A GIS-based groundwater pollution potential using
DRASTIC, modified DRASTIC, and bivariate statistical models,
Environ. Sci. Pollut. Res., 28(36), 50525-50541.

Ki, M.G., Yoon, H., Koh, D.C., Hamm, S.Y., Lee, C.M., and Kim,
H.S., 2013, A comparative study of groundwater vulnerabili-
ty assessment methods: application in Gumma, Korea. J. Soil
Groundwater Environ., 18(3), 119-133.

Kim, G.B. and Hwang, S.G., 1988, Miryang Geological Report
1:50,000, Korea Institute of Energy and Resources.

Kim, H.K., Park, S.H., Hwang, J.Y., Kim, M.S., Jo, H.J., Jeon,
S.H., Lee, K.K., and Jeen, S.W., 2017, Groundwater qualities
of wells around carcass burial areas, Korean, J. Geol. Soc., 53,
433-446.

Kim, M., Jeong, G., Lee, J.E., and Kim, M.G., 2020, Estimating
exploitable groundwater as a function of precipitation using a
distributed hydrologic model and frequency analysis, J. Eng.
Geol.,30(3), 253-268.

Kim, S., Jung, S., Kim, M., Kim, Y.T., Cha, Y.H., and Lee C.M.,
2024, Hydrogeological Characteristics of Groundwater in Small
Watershed of the Nakdong River Basin, J. Kor. Earth Sci. Soc.,
45(1), 72-84.

Kwon, E., Park, J., Park, W.B., Kang, B.R., Hyeon, B.S., and
Woo, N.C., 2022, Nitrate vulnerability of groundwater in Jeju
Volcanic Island, Korea, Sci. Total Environ., 807, 151399.

Korea Meteorological Administration (KMA), https://data.kma.
go.kr [accessed 24.03.02].

Lee, LH., Lee, J.Y., and Kim, T.K., 1997, Geochemical study on
the quality of groundwater in Daegu city, Korea, Econ. Environ.
Geol., 30(4), 327-340.

Li, P, Karunanidhi, D., Subramani, T., and Srinivasamoorthy, K.,
2021, Sources and consequences of groundwater contamination,
Arch. Environ. con. tox., 80, 1-10.

Mast, M.A., Drever, J.I., and Baron, J., 1990, Chemical weather-
ing in the Loch Vale watershed, Rocky Mountain National Park,
Colorado, Water Resour. Res., 26(12),2971-2978.

Melo, A., Pinto, E., Aguiar, A., Mansilha, C., Pinho, O., and Fer-
reira, .M., 2012, Impact of intensive horticulture practices on

groundwater content of nitrates, sodium, potassium, and pesti-
cides, Environ. Monit. Assess., 184, 4539-4551.

Ministry of Environment (MOE), 2023, Master plan for national
groundwater management.

Ministry of Land, Infrastructure and Transport (MLIT), K-water,

J. Soil Groundwater Environ. Vol. 29(3), p. 23~36, 2024



36

o
oX
re
oy
>

lo
Mo

Korea Mine Rehabilitation, and Mineral Resources Corporation,
2003, Report for basic research of groundwater of Miryang area.

Miryang City Hall (MCH), http://www.miryang.go.kr [accessed
24.03.01].

National Geographic Information Institute (NGII), https://map.
ngii.go.kr/ms/map/NlipMap.do [accessed 24.02.26].

Neshat, A., Pradhan, B., and Dadras, M., 2014, Groundwater vul-
nerability assessment using an improved DRASTIC method in
GIS, Resour. Conserv. Recycl., 86, 74-86.

Panno, S.V., Hackley, K.C., Hwang, H.H., Greenberg, S.E.,
Krapac, I.G., Landsberger, S. and O’kelly, D.J., 2006, Charac-
terization and identification of Na-ClI sources in ground water,
Groundwater, 44(2), 176-187.

Park, J., Lee, D., Kim, H., and Woo, N.C., 2023, Effects of dry
and heavy rainfall periods on arsenic species and behaviour in
the aquatic environment adjacent a mining area in South Korea,
J. Hazard. Mater., 441, 129968.

Park, S.W., Kim, J.W., and Song, D.S., 2017, A proposal of an
interpolation method of missing wind velocity data in writing a
typical weather data, J. Korean Solar Energy, 37(6), 79-91.

Patel, P., Mehta, D., and Sharma, N., 2022, A review on the ap-
plication of the DRASTIC method in the assessment of ground-
water vulnerability, Water Supply, 22(5), 5190-5205.

Piper, A.M., 1944, A graphic procedure in the geochemical inter-
pretation of water analyses, EOS, Trans. Am. Geophys. Union,
25,914-923.

Rao, N.S., Rao, P.S., Reddy, G.V., Nagamani, M., Vidyasagar, G.,
and Satyanarayana, N.L.V.V., 2012, Chemical characteristics of
groundwater and assessment of groundwater quality in Varaha
River Basin, Visakhapatnam District, Andhra Pradesh, India, En-
viron. monit. assess., 184(8), 5189-5214.

Sherwood, W.C., 1989, Chloride loading in the South Fork of
the Shenandoah River, Virginia, USA, Environ. Geol. Water Sci.,
14(2), 99-106.

J. Soil Groundwater Environ. Vol. 29(3), p. 23~36, 2024

Al e AR -

o]FI

Shirazi, S.M., Imran, H.M., Akib, S., Yusop, Z., and Harun, Z.B.,
2013, Groundwater vulnerability assessment in the Melaka State
of Malaysia using DRASTIC and GIS techniques, Environ.
Earth Sci., 70,2293-2304.

Spalding, R.F. and Exner, M.E., 1993, Occurrence of nitrate in
groundwater—a review, J. Environ. Qual., 22(3), 392-402.

Srinivasamoorthy, K., Vijayaraghavan, K., Vasanthavigar, M.,
Sarma, V.S., Rajivgandhi, R., Chidambaram, S., Anandhan, P.
and Manivannan, R., 2011, Assessment of groundwater vulner-
ability in Mettur region, Tamilnadu, India using drastic and GIS
techniques. Arab. J. Geosci., 4, 1215-1228.

Taghavi, N., Niven, R.K., Kramer, M., and Paull, D.J., 2023,
Comparison of DRASTIC and DRASTICL groundwater vulner-
ability assessments of the Burdekin Basin, Queensland, Austra-
lia, Sci. Total Environ., 858, 159945.

United Nations, 2022, Executive Summary of the United Nations
World Water Development Report 2022 — Groundwater: Making
the invisible visible.

Wayland, K.G., Long, D.T., Hyndman, D.W., Pijanowski, B.C.,
Woodhams, S.M., and Haack, S.K., 2003, Identifying relation-
ships between baseflow geochemistry and land use with synoptic
sampling and R-mode factor analysis, J. Environ. Qual., 32(1),
180-190.

Won, K.S., Kim, C., Chae, S.Y., and Shin, D.M., 2016, Using a
Borehole Stability Device for Hydraulic Testing in Unconsoli-
dated Alluvium, J. Eng. Geol., 26(1), 15-22.

Yang, W., Zhao, Y., Wang, D., Wu, H., Lin, A., and He, L., 2020,
Using principal components analysis and IDW interpolation to
determine spatial and temporal changes of surface water quality
of Xin’anjiang river in Huangshan, China, Int. J. Environ. res.
public health, 17(8), 2942.

Yeh, H.F,, Lee, C.H., Hsu, K.C., and Chang, P.H., 2009, GIS for
the assessment of the groundwater recharge potential zone, Envi-
ron. Geol., 58, 185-195.



