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Hydrogeochemical Characteristics and Occurrences of High-Saline Ground
Water at Seocheon Area, Korea
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High-saline ground water, whose eclectrical conductivity value ranges from 12,000 to 21,000 uS/cm, occurs at the
small catchment of Gilsan stream near Geum-river estuary dike. These high-saline ground water comes form three
different aquifers consisting of two horizons of sand sediments and one weathered zone with top part of unconfor-
mity. For these three aquifers showing mutual independence in terms of hydrogeological and hydrogeochemical
connection, we examined characteristics of aqifer occurrences and their water chemistry, and observed and ana-
lyzed the fluctuations of the ground water level and electrical conductivity. Our study results indicate that the high-
saline characteristics of ground water in this study area should not come from dynamic recent seawater intrusion,
but might be due to the fossil saline water included and isolated within the paleo-sediments or weathered zone and
their upper unconformity part. This high-saline water seems to be now partially mixed and affected by freshwater in
the higher inland reach of Gilsan stream.
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Fig. 1. Study area and location of test boreholes.
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Fig. 2. Relation between factor 1 scores and EC values at
Seocheon-Kunsan area.

Fig. 3. Spatial distribution pattern of factor 1 scores at
Seocheon-Kunsan area. Red color means high scores of
factor 1, that is, high EC values (modified from Lee and
Moon, 2008).
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Table 1. General data for test boreholes, including kind of aquifer materials and their depths from surface, and the inferred

depth of unconformity
Depth (m
Location Well No.————L Aquifer material (their depth from surface) Inferred dep th of
Well Casing unconformity
SCB-1  60.5 450  Unconformity or weathered zone (32.5~45.0 m)
Southern area (lower SCB-6 295 295 Sand sediments (26.5~29.5 m) 32.5-34.5m
reaches of Gilsan stream)
SCB-7 195 19.5  Sand sediments (18.2~19.5 m)
SCB-2  40.7 26.5  Unconformity or weathered zone (24.6~27.5 m)
Middle area 24.5~275m
SCB-3  40.1 27.5  Unconformity or weathered zone (24.5~27.5 m)
Northern area (upper SCB-4 40.6 240  Unconformity or weathered zone (21.6~24.5 m) 21.6-24.0m
reaches of Gilsan stream) §CB-5 40.1 230 Unconformity or weathered zone (21.7~25.0 m) R
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Table 2. Details and results of pumping test for test boreholes

Pumping rate Pumping Drawdown Recovery 2 .

Well No. (m’/day) duration (min.) (m) duration (min.) T (m7/day) $ (no unif)
SCB-1 17.68 90 0.98 73 21.61~23.16 -
SCB-6 - 35 2.93 - - -
SCB-7 15.94 100 4.75 60 1.98~3.40 -
SCB-2 9.18 18 18.51 60 0.08~1.53 8.315x10*
SCB-3 10.69 120 12.87 60 0.21~1.91 7.558x10*
SCB-4 - 9 17.20 - - -
SCB-5 1525 120 7.80 20 1.12~4.17 -
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Table 3. In-situ water quality for test boreholes during pumping tests

[v]

o=

2} wkgay

NEZ EC(wem) pH TCC) DO(mg/L) ORP(mV)
SCB-1 21,000 6.23 16.0 1.05 57
SCB-6 12,290 7.05 153 0.03 -139
SCB-7 16,900 7.02 15.1 0.87 -74
SCB-2 1,675(464+) 12.0(11.0%) (15.4%) 1.06(0.91%) -104(-40%)
SCB-3 742 8.48 155 0.28 -139
SCB-4 638 11.0 - 0.78 -50
SCB-5 566 7.84 152 0.50 -127

Most water qualities were estimated at the latest stage of each pumping test except for SCB-2.
Asterisk(*) of SCB-2 sample means water quality estimated after the successive pumping(18 minutes), recovery(60 minutes)

and finally surging(40 minutes) works.

Table 4. Chemical analyses of ground water samples for test boreholes

No EC Ca Mg Na K  HCO, Cl SO, Si Fe Mn Sr Br As
© (uS/em) (mg/L) (mg/l) (mg/l) (mgll) (mgl) (mg/ll) (mgL) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (ppb)
SCB-1 20,300 765 484 2,820 8.1 211 7,074 487 2138 38 455 12,6 347 122
SCB-1B 21,000 720 451 2,765 8.5 207 8,063 944 213 30 421 120 619 123
SCB-6 439 197 444 805  32.7 1,095 1,077 1.1 278 0.4 04 05 41 134
SCB-6B 12,290 510 372 2,065 464 604 5589 468 239 181 179 109 195 112
SCB-7 15440 100 273 2,615 715 1,312 5280 637 13.1 0.8 24 21 208 126
SCB-7B 16,900 117 301 2,880 740 1,378 5714 88.7 138 42 30 24 225 127
SCB-2B 464 329 2.8 468 6.6 138 28.8 280 13.0 0.1 0.1 0.4 02 136
SCB-3B 742 335 12.7 690 3.6 187 804 123 151 0.1 0.1 0.9 05 123
SCB-5B 566  33.8 11.7 295 53 168 976 53 163 0.3 0.1 1.2 05 113
B; samples collected during the latest stage of each pumping test
others; samples collected at the incipient stage of each pumping test
Table 5. Ratios of cations and anions for ground water samples at the study area
Cation Ratio (epm %) Anion Ratio (epm %)
Sample No.
Ca Mg Na+K CI(+NO;y) SO, HCO4
SCB-1 19.0 19.8 61.2 97.8 0.5 1.7
SCB-1B 18.6 19.2 623 97.7 0.8 1.5
SCB-6 24 9.0 88.5 62.8 0.0 371
SCB-6B 173 20.8 61.9 93.6 0.6 5.9
SCB-7 35 15.7 80.8 86.7 0.8 12.5
SCB-7B 3.7 15.7 80.6 86.8 1.0 12.2
SCB-2B 40.3 5.7 54.1 22.1 16.3 61.6
SCB-3B 28.8 18.0 53.2 40.6 4.6 54.8
SCB-5B 41.5 237 349 49.0 2.0 49.1
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Fig. 5. Piper diagram for ground water quality at the study
area.
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reaches of Gilsan stream.

ol#g EAHES T & o, A B, C Il WiF
& FeiAd B FAgEH o R AR HEo 3l
o £33 £ 2 WHET HE e 2A
o} 9 ARl SFEE A2 A fu

oA AEsEE A@E)HE Adre FEREL Nall
oy, ANAEE 12,000~21,000 uS/cm, Sr TH
2.1~12.6 mg/L, Br 3 195~619 mgL2A 1 &
Zo] ] =3 J|E £F AREY I T3 &g
gl 7k 3 oF tieEd] AE SAE Sigt
oA ¢ 77k AHolng sl A7t HHAL
FEFS W Ug 7FsAol FFE Aol T2y,
AFE ZA D AR A, 7AW I @E)EAS
F S AEF HAE o Hi IgHo] 9l
© 2 §3E B I3 HREE 2 39 #
AEE F4=lof e, A7 ZI’S_*]EH«] 27 &
7oA sig gl 2ol HHEW F2 T ¥
I &eoff XL Tl HAE HEZ HAEE
23l ZHE JuE FAEHIS 7Fedol Bk #W
AT Ax, olEe Xy ¥ WNARRE HE AA
Eo] 2HEY M IR el s ARHA
°“£h:} wel, o)F tigel 2a e Askee] 2
@R 4L A s Aol o 95How
g we gue ¥ 4 g8, thezel 43 54

o

& 1 B o 38 HAZ F F3 ol ojv]
EABIAE LE)EE AR TR A= B Ho
"F git}, ol2jgt XFR Ak USR] A 5

JRAdME AR T2 @ sk 3l 9
E}W REROZ §F Figo] 8L 2 BXel
Hale], A7IAEES 464~742 pSiemB €I F
4 F8% Na-HCO; & Na(Ca)-HCO; S AA
CaNa)-HCO; Bo2 Huiske g Hole Ao
A gch

54 =
9 NRZ FAATE $2 LA HFAo
W B U Adeel 4E 54, 54 54

=1

2 T @E)EES] 71 st 2Fsen, dF &
= o gk

1) 22 5 14% Ase 2 FYL sEAGY
Na-Cl&#o)A, £5x199 Na-HCO,8 & Na(Ca)-
HCO3& 7‘]?4 ARADY CaNa)-HCOHo2 HA
Halshs e Bl Ak W A7 AERECE
22 8HF-A19(12,000~21,000 pS/cm)el A 2354
o (464~742 pS/em)O 2. 7PHA Hzb golAle W3t
We Bl o)#g W3l e AEFE A



246 Rt A

o} g Aslete] g 3 Ao AR

2 LEEE Askre 24 sFAS0 M 4
239, 438 14.2~200m AL 2] 2gd 2
Agd B, 250~300m Ax 7o) 2g2 ¢
HEA B#Z, 325~450m AT 77 TIEES
533 2 Ssgez EAdHe o)

@ A A9 Z@EFEE Ak W A7H=
= 3& SCB-6¥ AEFolA G 27190 4,390 pS/em
< A Bl AL Al9EE 2% 12,000~21,000 uSiem
2 vl ¥3, St Br 3 94 247} 21~126 mg/l,
195~619mgLEA wi-¢- =A Jeht, sige] 432
598 & wrgdgt

@ FFAE A, A SRR 1@E)EE A
sk a2 M2 FeREE 2 FEAgEtH o
2 @dHo] e AE BAS Bl

6 7Y HE ¥ ArAxx #Hsle disk AJAE
#3 2 BH F3 A@)EE A P drEe
ME ZYFQA HE S HYon, 2HEHAM=
A3 AEE HF Aol IRIHA st
(6) A BFAGoIN EEE LE)HE A
(EC=12,000~21,000 uS/cm)2} 719L AR X35
I3 F @4l 8 Zlo] ohvzl, #A EHHE
3 ARXAY A sl FFoz Fols)

AEF)FE A dr(fossil saline water)ol] €3] 7]
He oz siddr.

e FN i <4

(o)

e

Al Al

# AT =S ANFARIN A8 FIAAA
AATA NRATAY “A7BRES e AstrY
B EF 224 ALERAE 09-3414)7 o s &
PsiEUIT Ao AP AL R A
A2 AN AT BEES PAS AN, T2z
9 Aol B4 F WIE ALY vhee B
ek

1]

=28

Akouvi, A., Dray, M., Violette, S., Marsily, G. de and
Zuppi, G. M. (2008) The sedimentary coastal basin of
Togo: example of a multilayered aquifer still influ-
enced by a palaeo-seawater intrusion. Hydrogeology
Journal, v. 16, p. 419-436.

Chi, S. J., Chang, H. W, Kim, N. H., Kim, T. G., Yun, W.
(2003) Water quality and stable isotope study for the
brackish groundwater at Yeongkwang coastal area.

o]%..,% .

W - 234

Proceedings of Spring Academic Meeting for Pre-
sentation of the Korea Society of Economic and Envi-
ronmental Geology, 103-107p.

Freeman, J. T. (2007) The use of bromide and chloride
mass ratios to differentiate salt-dissolution and for-
mation brines in shallow groundwaters of the Western
Canadian Sedimentary Basin. Hydrogeology Journal,
v. 15, p. 1377-1385.

Freeze, R. A. and Cherry, J. A. (1979) Groundwater.
Prentice Hall.

Hwang, S. H., Park, G. K., Shin, J. H., Lee, S. H., Kim,
G.Y, Park, I. H,, Lee, C. W, Yum, B. W, Sung, N. H.
and Shim, B. W, (2005) Mitigation of Seawater Intru-
sion Problems. MOST, OAA2004031-2005(2), 121p.

Lee, B.J., Moon, S.H., Cho, B.W, Sung, LH., and Lee,
C.W. (2001) Identification of influences on ground-
water fluctuations using spectrum analysis. Journal of
Geological Society of Korea, v. 37, No. 2, p. 287-296.

Lee, BJ., Cho, B.W, Moon, S.H. and Lim, M.T. (2001)
Seawater encroachment into bedrock aquifer in Dong-
nae, Pusan. Journal of the Geological Society of
Korea, v. 37, No. 3, p. 407-420.

Lee, BJ., Koh, KW, Moon, S.H., Park, Y.S. and Lim,
M.T. (2004) Identification of seawater encroachment
based on the characteristics of tidal fluctuation of
groundwater level. Journal of the Geological Society
of Korea, v. 40, No. 1, p. 53-64.

Lee, BJ. and Moon, S.H. (2008) Integrated approach for
evaluating the characteristics of seawater intrusion
using factor analysis and time series analysis: Seo-
cheon-Gunsan area. Journal of the Geological Society
of Korea, vol. 44, No. 2, p. 219-232.

Lee, BJ. and Hwang, S.H. (2008) Evaluation of char-
acteristics of seawater intrusion based on the ground-
water fluctuations: Baksu area, Yeonggwang-gun.
Journal of the Geological Society of Korea, vol. 44, No.
2, p. 233-240.

Lee, S.G., Kim, S.J., Kim, YW, Kim, [.G., Kim, T.G., Kim,
H.T,, Park, LH., Shin, J.H.,, Shin, H.M., Lee, M.J.,,
Lee, WS, Lee, TS., Chi, SJ., Jin, J.H., Huh, D.G.,
Hwang, S.H., Hwang, 1.G., Hwang, H.S. (2003) Devel-
opment of the techniques for assessment, prediction
and prevention of seawater intrusion. MOST, 00-J-
ND-01-B-14, 233p.

MAFMinistry of Agriculture and Forestry), Korea Rural
Community and Agricultural Corporation (2006)
Report for Saltwater Intrusion Monitoring Network.

MOCTMinistry of Construction and Transportation),
KOWACO(Korea Water Resources Development
Corporation, KIGAM(Korea Institute of Geoscience
and Mineral Resources) (2003) Basic Groundwater
Survey Report for Seocheon-Gunsan Area, 267p.

Park, K.G. (2008) Personal communication.

Park, S.C., Yun, S.T,, Chae, G.T. and Lee, S.K. (2002)
Hydrogeochemistry of shallow groundwaters in west-
ern coastal area of Korea: a study on seawater mixing
in coastal aguifers. Journal of KoSSGE, v.7, p.63-77.

Smith, S. W. (1997) The scientist and engineer’s guide to
digital signal processing. California technical publish-
ing, San Diego, California, 98p.

2009\ 549 27 AZHF, 20099 649 24 AR



