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Hydrogeochemical Evaluation of Crystalline bedrock Grondwater
in a Coastal Area using Principal Component Analysis

Jeong-Hwan Lee * Jeong Hyoun Yoon * Jae-Yeol Cheong* + Haeryong Jung * Soo-Gin Kim
Korea Radioactive Waste Agency

ABSTRACT

In this study, the evolution and origin of major dissolved constituents of crystalline bedrock groundwater in a coastal area
were evaluated using multivariate statistical and groundwater quality analyses. The groundwater types mostly belonged to
the Na(Ca)-HCO; and Ca-HCOs types, indicating the effect of cation exchange. Stable isotopes of water showed two areas
divided by first and secondary evaporative effects, indicating a pattern of rapid hydrological cycling. Saturation indices of
minerals showed undersaturation states. Thus, the degree of evolution of groundwater is suggested as in the low to
intermediate stage, based on field and laboratory analytical conditions. According to the principal component analysis
(PCA) results, the chemical components of EC, Ca*>", Mg*", K, HCO;~, SO+~ (PCA 1), F~ (PCA 3), SiO, (PCA 4), and
Fe** (PCA 5) are derived from various water-rock interactions. However, NO;~, Na*, and CI” (PCA 2) represented the
chemical characteristics of both anthropogenic sources and natural sea spray.
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2. A7XS

ATAGL HLAET} 300 m oJEtEA] A FBARE oF
30% W= AMFo2e A 9 757, 5502 53l
ot} Sk ik XA Eaxe welre] B, Al37]
SPIR IS, SPHEES, SeEsPael, et vPdE
g Qheh), A4 FAF ol UERITHFig 1;
Hwang et al., 2007). He}l7] &S A7l J=
2 2o de] XIslar #37] sHde] Bel e &
AERAAgc R gdxslEo] it A37] MY F
A AR SPIEESS ATAY T s,
TABEEE AP, SR, FE4, A9 o] 23
o S 554 PdEE B, AR 7
Ao] WEygo g FSHEh FE3F AFA|Gols 49l
M(Z21, 722, 723, 731, 732)°] ©@aE0] E¥3ka )
CHKim et al., 2008). HET 5 oF 1,281 mm=E
A, 6814 99 Alelof] Zrafo] FFEe AEA] W
55 eRdAtH(Lee et al., 2016).

sl

&2l
1
=

5

3. ol

£ 1270 ASK3-(KB-1, KB-2, KB-
3, KB-5, KB-6, KB-7, KB-10, KB-11, KB-13, KB-14,
KB-15, KB-16-2)°] thaliA, 20063 Bt 4314](5¥, 8¥,
108, 12¢) 24X AekrE AFsiar Ay - o] 4=
A3

Aol = 2%, pH, A8 9](Eh), F7IHEE
(EC), 8&42(DO), ¥LEE 52 S8 2%,
pH, Eh, EC, DO+ OrionA}2] Multi-parameter(Model
No. 1230y °]83ld pHZ=F(EENo. 9107WP), EhZ
(&= No. 9678BN), H71HE%E H=(24 No. 013010),
BEN AF@E No. 083010)] AX7E 283159}
IR Ao R AT

Na', Ca*, Mg*, SiO= F=2%P) Zek=nl Axpi
374171 (Shimadzu = ICPS-1000 111, ICP-AES),

N

M AHe) 51785 7} 0

35°41'29"N

127933'06"E

East sea

127°31'23"E

35°40"04"N

Fig. 1. Geological map and location of observation wells in the
study area.

K*, Fe*'= YR3E342-497] (Unicam model 989 Flame
AAS and Flameless AAS)C 2 HX3|om HA4s)e
a7z dd Yol S04, CIL, NOy, Fe 9]
2= 2nkE T29)(IC, Dionex 320i)& #-Al8lom HA
S8 thdthstaolty, HCO;, 2 CO @M =
AE =S} pHE o83l o|F lsle] 2AsIA
o BEE AR iAol BIEE +5% WelEA,
BA3)9] Ayt SR EQ

AT RAE LS H0-C0, FIHS 283l &
7|2 A AATLO P EAA A4 7] (Stable
Isotope Ratio Mass Spectrometer)(3= GV Instruments
Ab, 2d Isoprime)} AR ATLY P14
AFEA7I(VG SIRA IDE o] 83to] E438130H). 234
FFAIRE B 4G A8 4 AP +£0.1%0
ojyfeltt. =gt FAUJIFFAAL 4L PyrOH
(EuroVectorA}l, continuous flow ZHAAXNE ©]83}]
E A]8Z Cr(EuroVector’l, Max Chrome)@} ¥H-A]A
TS AIA R ATAe] ARREA7] (Isoprime,
GV instruments, UK)Z 43140}, £ 03 +0.7%0
ojt}.

32. FHEEY

TR Aok WY 9 s 4 AR 7]
S s el T8 4 (Principal component
analysis) "< A83Ith FE FA7HS 4 o
2 Wi 7He] BAAS Tjelsle] WgrEe] WEd oulE

|

oPde] Ifrak(eigenvalueys AEISlaL, ZF 92150l o
sk BARS HUIslel=S- Varimax Z)Z}3]WAS ©]85]
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4.1. FEXEEY

ATFAHY TR E4S st T 107 Al
F(KB-1~KB-3, KB-7, KB-9~KB11, KB-13~KB-15) 4
A U AHE L3I THLee et al, 2014).
KB-3, KB-135& AlF-a3A] Aol sejdeee] 59
ol 1.00 x 107 m/s o’dolud KB-2, KB-7, KB-9, KB-
10, KB-11, KB-14, KB-15 AA| Awxo] tigl e
T ZE0] 1.00x 107 m/s ©oJskE 49T} o= o
TA G FEAE 5A0] AR I Adolghe ®k
s, Aaelle 3R Aekr 74 HEe ik v
ZIH(Lee et al., 2014).
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4.2. 77| et E 2N

ECTE 103~448 pS/em(5¥, 1xh), 169~393 pS/em(8¢,
22}, 143~402 pS/em(10€, 3%}), 125~393 pS/cm(12€,
4zhe] HAZA, HAFS 224 pS/em, 242 uS/cm, 248
puS/em, 231 pS/emelet. WA, 1912Q1 F3F B s
FEFo| = =T ASF(< 500 uS/em)E AX| g} (Hahn,
2000).

Na'o]& Hol= 22 12.4-31.1 mg/L(13h),
147333 mg/L2AH), 15.3~33.3 mg/LGA}), 15.0~32.4 mg/L
@xHEA, HIFZS 179 mg/L, 21.5mg/L, 21.3 mg/L,
20.8 mg/LO|CKTable 1). T 3ke] Na'oled} oAl
CI7(0.89), NO; (0.7} &2 AHTAE Ho|il KB-2,
KB-3, KB-155 A|9|3F ZE A3l 2324 (Albite)}
B33} 278 WHslal Ith(Table 2). ©]= Na'ol-
- 2 f7E TY oF 7 B 9eS Bet
Ad 7195 BAle Rkedgit.

Ca**o]29] 6.60~28.9 mg/L(12}), 6.39~32.8 mg/
L(2Ah), 8.97~33.3 mgL(3Ah), 7.45~36.3 mgL(4xhHZA],
HHES 152 mg/L, 17.4mg/L, 17.4mg/L, 16.7 mg/Lo]
CH(Table 1). Bt#ke] Ca*ol23 AL HCO;

=

o

rc=
[o Jie iy v

Table 1. Basic statistics of physico-chemical components of groundwater samples

Temp.

Q)

pH

Eh
(mV)

EC DO Na'

(uS/
cm)

K+

Ca2+ Mg2+ Al3+

Fe?* Mn?* SiO,

Crr

SO,* NO;

F~ HCOs~

mg/L

Ist
2nd
3rd
4th

Mean

16.2
16.7
16.2
15.8

7.12
6.81
6.85
6.76

5.76
-9.43
-43.7
-32.0

224
242
248
231

2.69

242

1.75
1.8

17.9
21.5
213
20.8

2.84
2.95
3.03
2.92

152
17.4
17.4
16.7

4.40
5.44
5.79
5.28

0.137
0.050
0.017
0.317

0.742
2.561
3.315
0.214

0.141
0.213
0.204
0.286

419
44.7
49.5
29.5

11.7
11.1
10.4
8.66

20.3
17.9
18.5
16.4

0.20
0.72
0.20
0.22

0.13
0.05
0.05
0.04

72.8
99.6
102
103

Ist
2nd
3rd
4th

Median

16.2
16.2
16.1
15.6

7.34
6.94
6.70
6.65

-11.8
-11.7
-40.7
-41.1

195
212
229
214

1.87
1.64

1.06
1.7

16.0
19.7
18.2
18.4

2.30
2.64
2.98
2.96

14.3
15.6
14.6
12.7

3.40
5.20
5.58
4.19

0.013
0.033
0.014
0.035

0.542
0.511
1.243
0.003

0.133
0.146
0.147
0.203

40.5
452
51.2
26.4

11.0
11.4
9.25
7.58

18.0
12.2
12.1
12.2

0.00
0.00
0.00
0.00

0.10
0.05
0.05
0.05

727
96.3
100
92.8

Ist
2nd
3rd
4th

’S.D.

1.17
1.33
1.21
1.24

0.87
1.00
0.98
0.76

46.3
30.1
35.1
46.9

90.4
73.0
89.0
733

295
244
1.59
1.62

5.83
6.79
6.58
6.24

1.70
1.51
1.22
1.06

8.00
8.29
8.68
9.52

3.0
3.24
3.46
2.90

0.386
0.073
0.014
0.932

0.727
5.848
6.225
0.720

0.085
0.173
0.193
0.290

9.03
10.2
124
13.7

5.22
4.03
4.46
5.25

16.6
16.4
16.2
16.4

0.30
1.90
0.43
0.46

0.12
0.05
0.02
0.03

30.7
274
30.0
29.6

Ist
2nd
3rd
4th

Max.

18.6
19.4
18.7
17.8

8.26
8.27
8.61
8.04

81.4
33.7
3.20
61.5

448
393
402
393

10.6
8.65
5.65
5.72

31.1
333
333
324

7.00
5.90
591
5.02

28.9
32.8
333
36.3

11.8
12.8
12.8
12.0

1.360
0.271
0.050
3.271

2.458
20.85
21.82
2.501

0.310
0.574
0.596
1.069

60.5
62.1
68.1
53.2

233
20.3
20.3
18.3

60.0
60.3
60.3
554

0.80
6.67
1.37
1.37

0.50
0.14
0.09
0.08

115
145
147
160

Ist
2nd
3rd
4th

Min.

14.2
15.1
14.2
13.6

5.82
5.36
5.36
5.88

-43.2
-45.5
-101
-95.4

103
169
143
125

0.34
0.51
0.04

>N.D.

124
14.7
153
15.0

1.10
1.08
1.45
1.22

6.60
6.39
8.97
7.45

1.60
1.71
1.78
1.94

N.D.
N.D.
0.003
0.002

0.002
0.014
0.005
N.D.

0.001
0.022
0.006
0.003

242
19.7
19.6
7.59

4.80
6.25
5.33
1.54

2.00
2.30
4.89

N.D.

N.D.
N.D.
N.D.
N.D.

N.D.
N.D.
N.D.
N.D.

29.4
66.7
62.8
59.1

'S.D.: Standard deviation
>N.D.: not detected

J. Soil Groundwater Environ. Vol. 22(3), p. 10~17, 2017



TR A o83 SIS A 7RIt skl iRl TrEketE Bt 13
Table 2. Result of saturation indices in groundwater samples
Ca-
Well Albite An.orth- Anhy- Calcite Dqlo- Fluorite Gypsum SiO»(a) Talc Ka.ohn- mmf)nt- Illite  Gibbsite Fe(OH);
ite drite mite ite  morillo- (a)
nite
KB-1 -0.57 269 -336 -195 -404 -438 -3.11 -053 -880 723 638 456 242 1.00
KB-2 1.74 117 -330 -138 -325 -393 -305 -026 -3.72 942 957 815 7.65  2.09
KB-3 012 -221 -312 213 -454 -386 -287 -027 -7.14 742 700 516 225 0.91
KB-5 -042 233  -325 0.21 0.17 -381 -301 -035 3.51 3.53 297 253 040 222
KB-6 -096 -283 -358 -1.09 -221 -395 -333 -065 -3.03 517 4.4 321 1.51 2.57
KB-7 -040 -127 -332 -157 -329 -372 -307 -035 -3.89 729 692 5.63 227 1.41
KB-10 -039 -3.00 -348 -2.87 -6.02 -501 -324 -036 -11.7 799 7.31 486 2.64 -1.08
KB-11 227 -687 238 -230 -470 -394 -2.14 -029 -10.8 4.00 2.77 0.62 0.58 -1.86
KB-13 204 -285 402 -270 -577 -426 -378 -042 -12.1 4.49 3.17 0.71 0.96 -0.86
KB-14  -027 -248 -3.15 -176 -416 -381 -290 -039 -850 7.15 6.53 480 223 -0.80
KB-15 013 -121 -283 -060 -1.53 -414 259 -039 -040 5091 548  4.60 1.63 3.34
KB-16-2 -027 -1.77 -244 0.12 -024 -3.84 -2.19 -040 245 423 370 320 080 221
(0.71), Mg¥(0.70), SO,2(0.69), CI(0.13), NOs(-0.26) 34 (anorthite) T E¥3} AL HHISITHTable
2 eRdth KB-2, KB-58 A3l BE AlFEoA 2). WA, HCOy o2 BIEdEd} &4 Wes &

ERALed

RIS By = |
2}, Ca’'ol2-2

[elge]
o=

FE} Bxsl 218 wYsal tk(Table 2). w
ERFARE TAERES] B9 v
5 X4 719 e

Mg>0]2¢] 1.60~11.8 mg/L(1x}), 1.71~12.8 mg/L(23}),
1.78~12.8 mg/L(3Z}), 1.94~12.0 mg/L(4xHEX, HHZHS
440 mg/L, 544mgL, 5.79mg/L, 5.28 mg/L°)THTable
1. @ Mol g HCO57(0.78), Ca*
(0.70), K'(0.68), SO,7(0.68), CI(0.50)Z e}
KB-5, KB-16-2% A|&J3t RE A|FFA] WeA
(dolomite), X (talc)el] thallA] B33} 248 Hkg3)
ACH(Table 2). o= Mg*'o] -8 ebxleigEo] B9k
S B A9 fUlE, 95 59 9% 1Y
Alol] Hkedgict.

K'ol-2¢] 1.10~7.00 mg/L(1%}), 1.08~5.90 mg/
LQA}), 1.45~5.91 mg/L(3RE), 1.22~5.02 mg/L4XHEA,
B 2.84 mg/L, 2.95mg/L, 3.03 mg/L, 2.92 mg/LO]
TH(Table 1). 7k Kol dad2 Mg*(0.68),
HCO;7(0.59), SO47(0.56), Ca'(0.53), CI(0.46)& }E}
). Kol E-9H wkge] A4 Ve 9%, f71E
59 oF 719 FAlol w3t

ZEHHHCO )0 &2] 29.4~115 mg/L(12}), 66.7~145
mg/L2Z}), 62.8~147 mg/L(3Z}), 59.1~160 mg/L(4XH)ZA,
HAa 72.8 mg/L, 99.6 mg/L, 102 mg/L, 103 mg/Le]
TH(Table 1). gk HCO;©l3 432 Mg*(0.78),
Ca*"(0.71), K'(0.59)2 UERIT}. Wl (calcite)2} W24,

ot (= Kl 4

T
s

gt 24 719E vrgsict

SO/ 0]29 FEE 2.00-60.0 mg/L(12}), 2.30~60.3
mg/L(22}), 4.89~60.3 mg/L(3%}), N.D.~55.4 mg/L(4xHZ
A, BEFS 203 mgl, 17.9mg/L, 185mglL, 164
mg/LO|tH(Table 1). gk SO 2} g2 Ca*'(0.69),
Mg?"(0.68), K'(0.56), HCO;7(0.33)& YEeRdt}h 239}
AR5 FEAE BX 20 gl wel, 802 ©]
28 SREE, g3hdEe] S50 Wk Ad 7
Ll i

Clol9] 4.80~23.3 mg/L(12}), 6.25~20.3 mg/
L3}, 5.33~203 mg/L33}), 1.54~18.3 mg/L(4XHZA],
B 117 mgL, 11.1 mg/L, 10.4 mg/L, 8.66 mg/LO]
CHTable 1). Fi 3k CIre} 4#d2 EC(0.72), Na'
(0.89), SO2(0.54), Mg>(0.50)2 Yehdt}. o]= Clo]
22 AAA] G} HUIE T o 71gS vddi)

NO;©]£9] %= N.D.~0.80 mg/L(12}), N.D.~6.67
mg/L(22}), N.D.~1.37 mg/L(3%}), N.D.~1.37 mg/L(4xhHZ
A, B 020mgL, 0.72mgL, 020mg/L, 0.22
mg/LO]TH(Table 1). H3k NO; <} ¥4 Na'(0.71),
CI(0.42)= vEhdth webr NOy2 27 719s AXet
o REHos o] V|YE RidEE Bo=E AlsHT

Si0, °]29] FTE 24.2-60.5 mg/L(13}), 19.7-62.1
mg/L(23H), 19.6~68.1 mg/L(3Z}), 7.59~53.2 mg/L(4xhHZ
A, BEFES 419mgl, 447 mgl, 49.5mglL, 29.5
mg/L]tH(Table 1). HIAAY] Si0.& E¥3} 278 v

=
[
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Fig. 2. Result of water-type of groundwater samples.

Foll wet sios T2 FAARE] B9 Moy
B A 7198 weddiny,

43. TE7E

A7AIe) sk 54 4HL Tjelabr] Sl % 4
3] 221 BE 2 AFE Piper diagramol] T=AISE A
7, F2 Ca-HCO; ¥} Na-HCO;H©] ZA|HH Na-
HCO;¥°] o A YePdthFig. 2). ol A7AY
o] Al o] - Al Eegh AlFAElE A
28] Alolof] 52 FEFHYS wdske AoE AdE
oh. FEgh ol o]2udt ¥ AE B SAS 11EsH]
23l Expanded Durov diagram® =A%+ Z3KFig. 3),
dolL-2 Na', 20128 HCO; 7} $-AlskaL A12H =31
o] rREH Ao E=AIHe w, AR Aak 4
AL =9 WGl gt A Ca*'of Na'e] 7] &
o] g AL A, ofe] B A A A
3l & o X5 2 Fske 27) UK S A=

o

UEeEbdtH(Jeong et al., 2011).

44. &2 - FAOPES AL

ATAS ko] 23 &8 SAS Es] 9
S Ak PEAEA BAE AASINT Aka ok
BEALEE -9.43 ~-7.45%0%] HLI0]AL BAFEE -7.87%o
ojch. 4] B, -67.6~-47.0%] WOl Ht ke
-53.6%°1T}. oA 3=te] 100997) A ARE 7E=
g Ak gl A PSR Ae] MRS -1 ~ 4%, -80 ~
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Fig. 3. Result of degree of evolution of groundwater samples.

45 —
$=8.00
L]
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-50 — N
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4
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,
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A
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Fig. 4. Stable isotope pattern of groundwater samples.

-40%0= AAIGH WMol T, P Erks o o
& FYLAHIZE AAZHChoo and Chi, 1992).
2RA, A PEEEATE WAFE 7V (Global
Meteoric Water Line, GMWL)S 75202 2le] J¥o
2 ggs] FREItkFig 4). ol A7AYY sl &
& 7] MR oldke AASE A O0EA, GMWLE]
S Gl = A= MFERE 7] AA

(Kinetic isotope effectyS RFFslal $-719] 733
B2 ols) siEnE sold BAL 5
A e GAT %0 dFL eI 39 GMWL
SPel A, 249 A7 ol AikARl 27 S e
Wedske AeaN, B9} AsE %

A= WHI3KClark and Fritz, 1997). Wb, 2 =



VS|

FR B

A
A

tlo

o83 sftA S

A 7k Asee] ST Bt 15

Table 3. Result of principal components analysis in groundwater samples

Constituent Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 Communality
EC 0.83 0.46 -0.26 0.00 0.07 0.97
Na* 0.29 0.88 0.13 0.01 0.33 0.98
Ca* 0.73 -0.17 -0.51 0.21 -0.19 0.90
Mg? 0.91 -0.01 -0.19 0.04 0.10 0.87
K* 0.85 -0.01 -0.05 -0.18 0.01 0.75
Fe?* -0.01 0.15 -0.08 -0.20 0.96 0.98
HCO5~ 0.70 0.20 -0.53 -0.20 0.14 0.87
SO,* 0.78 0.05 0.01 0.48 -0.08 0.85
Cr 0.57 0.67 0.26 0.18 0.34 0.98
NO;~ -0.24 0.95 -0.11 -0.04 -0.10 0.99
F -0.22 0.05 0.89 0.08 -0.07 0.86
SiO, -0.01 0.02 0.08 0.95 -0.16 0.93
Eigenvalue 5.09 2.52 1.70 0.98 0.65
Variance explained by the factor (%) 42.5 20.9 14.2 8.1 54
Cumulative present of variance (%) 42.5 63.4 77.6 85.7 91.1
Aol $710] A% B Aol )R WME BEUEL AT PalEe Ushilo] B84 wee AT 34
WS, AP oY) B B B L PFE E sle Si009592 BT FIAS AN Cad'sh
5 203 290 GrhE SAe] Jojus uledgit). ol Na* 25 oko] =712 Jehid), ]% B9 WS A
= ATAYGe] R BAo] 5719 719 AFE 54 Al8lt, Ca—Na®| ol wghihg-o] ehahA] 3= =]
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