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Geostatistical Interpretation of Water Quality and Hydrogeochemistry of
Shallow Groundwater in the Uljin Area, Korea

Nam-Jin Kim!, Seong-Taek Yun'*, Hyoung-Soo Kim?, Kyung-Moon Jung® and Gyoo-Bum Kim?

!Department of Earth and Environ. Sci, Korea University, Seoul 136-701, Korea
“Korea Water Resources Corporation, Dagjon
"Dohwa Consulting Engineers Co., Seoul

We have collected hydrogeochemical data of shallow groundwaters in the Uljin area located at eastern coastal
arca of Korea. Geostatistical analysis (ANOVA test, cluster analysis, and factor analysis) of the collected data sets
was performed, in order to evaluate both the spatial and/or temporal variation of water quality data and the ground-
water contamination, as well as the principal reactions occurring in the aquifer. Results of the ANOVA test show
that regional water chemistry are not significantly changed spatially in eight watersheds. However, some ions such
as Ca®*, HCO;™ and $O,> show a meaningful watershed variation. Water chemistry variation according to sam-
pling time (season) is not shown, except for SO, The cluster analysis shows that significant water chemistry vari-
ation is explained by the distance from the coast. Factor analysis indicates that the water chemistry is changed
according to various factors as follows: in the order of decreasing importance, water-rock interaction (mainly, car-
bonate dissolution), sea-salt spraying, and then contamination by fertilizers and agrochemicals.

Key words : Uljin, shallow groundwater, water quality and hydrogeochemisiry, geostatistics, sea-salt spray
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Fig. 1. Major watersheds and sampling sites of the Uljin area.
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FIg. 2. Piper diagram showing the chemistry of alluvium groundwaters in the Uljin area. Each plot represents the mean value

of four seasonal samples from each sampling site.
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FIg. &. Temporal/spatial hydrochemical changes of alluvium groundwaters sampled along the Pyeonghae Namdae stream.
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Table 5. Surface geology of watersheds in the Uljin area,

A

=1

2

Watershed

Lithology

Nagok stream

Bugu stream

Bukmyon Namdae stream

Goang, Wangpi. & Maehwa streams

Precambrian
Precambrnian
Precambrian
Precambrian

Precambrian

Chucksan strearn

Precambrian

Precambrian

Hwangbo stream

Precambrian

Precambrian

Pyeonghae Namdae stream

Sangyul stream

metamorphic rocks {Wonnam Formation)
granitic gneiss

granitic gneiss

granitic gneiss, Jurassic granite
metamorphic rocks (Wonnam Formation),
granitic gneiss

metamorphic tocks (Wonnam Formation),
granitic gneiss

metamorphic rocks {Pyconghae Formation),

Cretaceous sedimentary rocks, limestone, Jurassic granite
Cretaceous sedimentary rocks, Jurassic granite
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3+ e e Aolsk FAL Hog Ayl
S, i) o] EY FET} A Fdte] )
o o} f2)% waleke Bojx] F3t elalFq) o)
fRAE, ZE A HellAe] AN Zepre] A R4
Fro] #7] Wi gl FE 8] oE FEEI), F
Ahg FEe] 289 L4l fLsR Ban met
M AP A BAE FEE sl | o
Fo= FoEch of&d, 2 d7FAdE pAERE A
A Aol WA @3 B Wizl # A
ojck. Az, 2579 Ashe LA H Folle A
globr] sk uiel Aol 127] A4rt WEEH U
2, 76t 7P} sl A9 e, Web] HHgR
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Br|=2 spgu}.

ZEHEM(cluster analysis) : TS 7|5l zbsie
NES e Fayd o, o] 2FEY] ¥5 W
ol sk AlE7HE zpolF AlFEkd Filele £ F
EIEJ"P Hal(squared Euclidean distance) -] u}
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WEbgde] diske] Eoh A - AR vEE A= (dendrogram) el g W AIET QlHETE 1A
Table 6. Mean and range of physicochemical data of two group waters divided by cluster analysis.
Group  Distance” Concentration (mg//)
{Cluster) (kmj pH  Na K Ca Mg SO, €l SOy HCO, NO, F  TDS
Mean 1.3 65 236 1.2 9.2 5.6 10.1 19.2 27 201 19 3 2042
1 Min. 0.0 5.6 10.6 03 5.1 35 4.0 35 0.0 7.9 1.1 0.0 62.9
Max. 4.0 7.1 335 28 19.5 77 228 307 66 501 17.7 1.6 3669
Mean 38 6.4 15.0 1.7 14.1 6.8 9.8 12.6 4.1 28.4 7.5 0.2 1419
I Min. 03 33 9.3 0.9 8.6 48 4.5 6.1 07 14.0 0.1 0.0 69.0
Max. 109 74 233 4.1 209 1.9 163 224 104 44.1 232 0.6 3130

Ddistance from the coast
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Table 7. Correlation matrix for group I waters.
logNa  logkK Mg  logCa Cl 1og8i0; logSO, logNO; logTDS logHCO;  logF pH

logNa 1.00

logK 025  1.00

Mg 032 024 100

logCa 0.63 0.22 0.86 1.00

Cl 0.88 0.16 0.89 0.77 1.00

logSiO, 053  -0.10 0.49 0.44 0.53 1.00

log8Q, 055 009 0.56 0.56 0.66 0.06 1.0

logNO; 081 026 085 073 074 064 039 100

logTDS 0.85 0.21 0.89 0.90 0.36 (.64 0.57 0.88 1.00

logHCO;  0.29 0.10 0.38 0.65 0.27 0.25 0.22 0.43 0.63 1.00

logF -0.20 046 029 -0.19 -0.30 -0.37 -0.11 -0.15 -0.20 0.02 1.00

pH 0.40 0.28 0.27 0.23 032 -015 0.19 0.14 022 0.04 0.25 1.0G
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Table 8. Rotated component matrix for group I waters.

Table 10. Rotated component matrix for group II waters.

Component Component
1 2 3 1 2 3

logNa 0.57 0.72 0.01 logNa 0.70 0.30 0.46
logK 0.27 0.06 0.80 logK 0.31 0.69 0.18
Mg 0.67 0.66 -0.04 Mg 0.80 034 0.03
logCa Q.75 0.50 (.03 Cl 071 0.48 0.09
Cl .55 0.78 (.11 logHCOx 0.85 -0.43 0.01
log8i0; .74 0.04 -0.40 logNGy 0.02 0.76 0.27
logSO, Q.13 0.78 -0.13 logSi0; 0.25 0.05 0.92
logNO, .81 042 0.02 logS0, 0.20 0.82 -0.33
logTDS .34 0.53 -0.01 legTDS 0.87 0.25 0.3
logHCO, 0.72 0.03 0.18 logCa 0.85 0.21 021
logF 0.16 -0.16 0.83 eigen value 4.05 244 1.49
pH 0.14 0.63 049 % variance 40.49 24.46 14.86
eigen value 4.19 332 1.7

% variance 34.87 27.66 14.92
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Table 9. Correlation matrix for group II waters.
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logNa logK Mg Cl logHCO; logNQ;  logSi0;  1ogSO.  logIDS  logCa
logNa 1.00
logK 0.53 100
Mg 0.62 0.45 1.00
Cl 0.70 (.58 0.71 1.00
logHCO, 0.46 0.02 0.47 0.34 1.00
logNG, 0.29 0.36 029 0.32 -0.24 1.00
logSi0, 0.58 0.27 0.27 0.27 0.19 0.20 1.00
logSQy 0.26 049 0.37 042 -0.17 0.46 -0.13 1.00
logTDS 0.83 0.46 0.77 0.74 0.66 (.38 0.59 0.27 1.00
logCa 0.67 0.35 0.70 0.62 0.65 0.36 0.41 0.31 0.93 1.00
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