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Summary

Hydrographic conditions(temperature, salinity, precipitation) and
geochemical characteristics of ground-seawater have been studied in the
southeastern and eastern areas of Cheju Island during July to September
1994.

This study was carried out in order to understand the chemical and
hydrographic characteristies of ground-seawater and the'coastal seawater
in surrounding Cheju Island, but their No such studies have been done
in Korea, or even in any other country, with respect to ground-seawater
existing in aquifers.

In order to research the chemical characteristics of ground-
seawater in the southeastern and eastern parts of Cheju Island,
research was focused on converting major ion composition ratios to
equivalent and their comparison with the island’s coastal seawater.
The factors influencing ground-seawater based on water temperature and
salinity measurements were investigated in this study. The results are
summarized as follows.

1) The water temperature of the ground-seawater in the two areas
surveyed was approximately 171 and remaineds almost constant. It is
believed that this phenomenon is greatly due to local geothermal
characteristics, because the ground-seawater exists within aquifers.
The temperature between these two areas was different : the

ground-seawater temperature of the Pyoseun area was higher than that in

_1_



the Kimnyoung area by approximately 1. The reason for this is that
the depths below-ground of the ground-seawater in these two areas are
different.

2) Based on the fact that variation in to ion composition in the
Kimnyoung area is continuously more affected by tidal waters rather
than by precipitation, the Pyoseun area is more affected by
precipitation rather than by tidal water. This is believed to result
from the geological characteristics of these two areas being different
from one other.

3) As to the chemical composition of standard seawater contained
38.69% of Na', on the other hand ground-seawater in the Kimnyoung area
contained 39.33%, and that in the Pyoseun area 39.53%: The standard
seavater contain 8.82% Mg™ whilst the Kimnyoung area ground-seawater
contained 7.78%, and the Pyoseun area 7.92%: both lower than the
ground-seawater Na' content.

However, the chemical composition of the ground-seawater displayed
almost the same distribution trends as those for standard seawater.
Based on these data the chemical characteristics of ground-seawater
seem to be determined by Na' and Mg'" contents, and therefore these two

elements are considered to be important for determining the chemical

composition.
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Fig. 1. Average variation of seawater temperature by monthly in
the southern and eastern area.
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Fig. 2. Average variation of seawater salinity by monthly in the

southern and eastern area.
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Fig. 3. Average distribution of rainfall by monthly in the

southern and the eastern area.
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Fig. 9. Principle of Ghyben-Herzberg theory.
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(‘;b'" | . .
250 2.0 °°/’\,,0o/‘ red | Pyroclastic Sediments
23.0 \/\/\/V gray i Vesicular Basalt
48.0 :
T
50.0 2.0 red Clay bed
Pyroclastic Sediments
13.0 red
mixed with Basaltic block
63.0
End |
Fig. 10. Geologic columniation in Pyoseun area.
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213180 FHAENS S8 AlB23E 19949 79 YE 99 7tA] 371y
of AX AHFE dtolld S4zA gAlRo] 713 gol WA e AF
= 5F % A B9 9 AR (Fig. 1) X 3H+& AL
3t 27 A RS AR 3A% AR 244 A& ARE A st
2, th2ARE 278 A 9(1E, )Y dUgsieE Eelodd Holl 243}
o lce Boxoll Yol AEAZ it FA] £4351%ch.

2. 4 Y

e W RSl £2(F & LEA(EF1/10))E FoA 24+
FA F¥sida, ¢
-2)2 &3t

oro]l & E(Na', Mg?, ca?, K)ol thsiMdE 921EFWH 5 A (Perkin
Elmer, Model 2380)% EMslgdon, Lo Z2 Baol2e  Ion
Chromatograph(DX 100)& o] &3l &3}, HAo|le2} ZENo|LL &
AR EM(E A, 1990)0] £33t EAMstdcH 5 1992).

22 AHAR  2u9tslo  Salinometer(TSURWMI SEIKI,
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Fig. 11. Location of ground-seawater measurement in the southern

and eastern Cheju Isand.
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994). AGEE AR, A FIEA o] 97HLE AN 62.6%F 2|3}
333, FAFEAGedl= 4704 (AA Y] 30.3%), HFAI(1744) @ HIE
A2 G (10704 )0] 117142 AN 7.1%F X3t Ao Uelucl 53
EH-F2Fo] ol2& FHAFol HAM 58. 8% s 70ML2 v
A= olth ol FFAFY 3o H|3 S FAVL o, Ad4s
$17b iz} 7i7bs] it Jt7be Rold HAAMEE UA ¥ AF M)
22 5 Ae FEREE 7R slo] Al sdo] el o ul3
HAl Roldt HedE& Ztn orh mely B dFode ARG Adx
oo &2 - A ROA A+E AshrE YT e A
A A EEH42] FAIHQ Hte} ety R
B & ¥ n¥stden, 53 2 JEENY £UBHLE P x4
FEE FF¥AG(HE)H SEAG(FH)LR Lro] sty ¢,
o] 22 FolR2L AUVT/AE Yot MM Z o2 HEE epn
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2 2E7] A&zl 79 o] Fol: X 28.2T7A] As¥rh 74 o|F Y £

< 4 4CH T Y wix glch o2 228 F52 A Ef
@d HAE U3 AAHOoF FL2o] YFdie Kol HA glen, E FHA
H o] Yehhs A71E BF3 44 £ HHE vUehiZE ©
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b 4o

—_—

B 273 dasise BEd422 BAAHo] 25.1TCo|a AY¥AY
o] 25.3CEH, FEAMA|Ho] AYGAHef H|3] B 0.2CHE won ZA}
A o] i3t 422 sHol EHR|Ho] 26.8C, ZAY¥RAHo] 26.4CE 7}
Zh velddch(Table 1). 53] Q@A Gel vl EAdxHo] tih w2 2
X5 vehlz deRde 2 d3A9Y At chupdFA dae 8%
¢ ZeE AAdc) oY VAL (x F 1986)9 AF
£ 27.5C(84), A+ 12C02H)dx AY A3t

Ehe

Table 1. Variations of ground seawater temperature and salinity in

the southern and the eastern area.

\\\\\ Locat{phs Pyoseun Kimnyoung
Month i
Item 7 8 9 7 8 9
Ave. 17.5 17.2 . 17.7 17.2 16.8 16.9
Groundsea :
Temp. : . Max. 18.2 18.0 18.0 18.5 17.5 ; 17.0
' water | ‘
(tc) Min. 17.0 17.0 17.2 16.2 16.0 - 16.7
!Coastalseawater : 26.0 26.8 = 23.0 26.0 26.4 L 22.8

G 4 Ave. © 31.13 | 29.17 = 31.17 | 32.31 ' 30.21 ' 31.83

IGroundsea | .

Sal. | X Max. | 31.56 | 29.70 . 31.42 | 32.76 | 30.34 | 31.92
! water , |

(%) | Min. 30.38 | 29.17 . 30.98 | 32.08 : 30.03 . 31.74

| Coastalseawater | 32.34 30.94 = 33.07 | 32.86  31.23 : 32.69




2 Z2AZI1243 9 A stigol iyt FAAHA £22 HE Y= Fig. 12
of Ltehd uwiejzto], x| o] 17T ~18.2CE Uehli ddon, 7YX
S 16T ~18.5Ce +XEXE Eol gk Zeub AtHA £2H4=

FAxjeo] Zdxlde] uls) 1T BE A Uehdz ot ol S
A stef4 430 AErt EHAAAGL 650, AY¥AAL 4mE FAY BEF 7
Zt ti2r] iR AAso ch W, dddeet Aot £ A
olof A et Aldol utd MR 2 HE AL e}, F
stale] AfE WE, AZhE 28 1T U B F
4 st gle Zlo® MolArth o] s+t 7]El ©of
Z313 ol AR 2 FojA 100mZof Mol uwzt 3T~4TY =7t F71s)
a3 AN 2do] oy Pz AlRHL)

AES REAS AW QB Z YUY shiold, £33 ¥A
ol AelE vehie 7MY 7123 ¥Ro2H HYAEL] ZEE AW
E 8% Adx2 3ysA 2 A& F 1990). AHF FH3|Ao ciyt
AR EXE 2o uwet 2 Fio] vf¢ FRaA vehta Qlrh =
5(1986)9] Aol ostd HHzAQ GiAgL FAZRH 54 e
£ 34.40% °l4Y LEES KA 59 FEHE FEo] yolAs] Azt
o 749 3leols 31.76%712 U tTh o] R 8WFo VA3 WotA 99
deole 29.00%BEE NEEUYE Uehle Ao2 Bastn oot 19
A 2 A&HHA A 99 FEole thA] 31.00%0]Fe R HE
2 ¢xa qrh 2EE HFALY HAIE EVAVIL 8y
3t4 Uiz 99 Atgoln, olufe] FEETLE 27.30%~29.00%] ‘Helolch.
ol gt VAL & 5(1987)0] A A Ado] AA YL L1 glod, o
FAALAN chubdFA FFR4Y Y FIA UL, A AL+t
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Fig. 12. Variation of ground seawater temperature by the time in

the investigation area.
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Fig. 13. Variation of ground seawater salinity by the time in the

investigation area.



A2712t 3o - 5F Aol oy BF dREEEE EAMAGo]
32.12%, ZAYAHo] 32.26%F A vl PAE Heln 9o, i}y
32 A3k 8Wol EMRAFo] 30.94%, ZPEAHo] 31.23% 2 ULt
o, il FAA| o] 9%o] 33.07%, LA 7€ 32.86%% %z
LtERRtTH(Table. 1). o]& = 5(1986)2F 2| 5(1987)0l &3} R1¥ 8Y o]
Fo| dEFE HHETHE the S Z¥S Uiz U7, 8Y dteollN
Iud Herhxe] AEdugtes dXs Ak 53 AEAYHY 79F 5%
7t tid w2 F¥E Ueid A2 793y JHERAS0 dEsEe Y

Z st ol cidt ZFAIHQ BEHE] HWIE Fig 130 Uehd upe} 2
o] x| Ho] 30.61% 2 LA 31.45%0°] v|3] ti4 uoton, B
T HEHE FAXHo] 29.17% ~31.56%, Z@2Io] 30.03% ~32.76
%% HEHUHE Ve och ®=3 Ao HAZGLS FHAGo] 29.17%,
ABA Aol 29.03% 2 8¥oll Ztzt Uetton, Hrigie F A9 BF 740
UEhRS olth o]’ A x| Hof whal z|stsifrt EAstn gl Ho]
thEe] ARl e S 52 3 U Kol ¥ g8 Hopx
o, H23E& UEld 8HFY HEFEE o 7|50 Bz A% ey
o] F717F 2 A F A Yo HolAr},

Al

2. 90 =2

1) Sodium : Na
LUEFO|22 si4o AEF da0l23 ¢4 713 wol #8/Eo =
AEo® BEHNL(35%YUn]) Foll= 465.65meq/ £ & Fo| ko] s



Table 2. Result of ground seawater and coast seawater measurement in

the southern and the eastern area.

\\\\\\\\\\ Month f Pyoseun Kimnyoung
Elements \\\\\\\\\ 7 8 9 7 8 9
- Ave. 451.0 | 385.2 431.2 | 445.6 | 416.7 | 406.7
Groundsea ;
. Max. 458.4 | 349.4 439.1 | 459.4 | 426.0 | 411.7
Na vater Min. 435.7 | 383.9 420.3 | 431.5 | 407.2 | 400.5
Coaspglseawater l 453.5 1 397.5 - 437.1 450.9 | 435.7 | 439.7
Ave. ; 86.1 | 78.6 89.6 | 85.4 | 80.5 | 85.1
Groundsea
. Max. ; 87.4 | 80.3 90.5 | 88.2 | 82.1 | 86.7
Mg vater  yin | 84.1 | 77.0 88.1 | 83.1 | 78.5 83.9
Coastalseawater | 100.2 | 96.9 98.4 | 101.7 | 98.5 | 100.3
Ave. | 20.5 | 19.6 ., 20.2 ' 20.9 | 19.5 | 20.1
Groundsea ‘ ‘
. Max. | 20.8 | 19.8 . 20.5 | 21.2 | 19.9 | 20.5
ca ¥ater  Min. | 20.3 | 19.2 | 19.9 20.5 | 19.1 | 19.8
Coastalseawater 21.0 19.7 % 20.9 i 20.6 20.1 20.9
Ave. 8.57| 8.13] 8.36. 8.82! 8.41] 8.67
Groundsea ‘ 1
. , Max. 8.65| 8.21, 8.44! 890, 8.52| 8.77
K ¥ater win. | 8.47| 8.11. 8.29. 8.75 8.36| 8.59
Coastalseawater 9.00 8.5?; 8.88 9.08 8.72 9.03
G Ave. | 490.5 | 474.4 494.3 | 491.1 | 478.1 | 493.6
roundsea ;
) Max. | 495.3 | 477.4 | 500.0 | 495.4 | 480.9 | 500.3
cl Water  in. | 487.4 | 471.0 | 486.1 | 485.3 | 472.9 | 487.3
L Coastalseawater | 523.9 | 476.0 } 505.3 | 530.1 | 485.7 | 508.2
, " Ave. | 48.3 | 48.1 @ 50.2 & 50.5 | 49.5 | 51.2
{Groundsea ' |
| Max. | 49.3 | 48.9 | 51.6 | 51.5 | 50.2  52.4
SOt water i, | 47.5 | 47.5 | 49.2 | 49.5 | 48.8 | 50.1
Coastalseawater | 55.0 | 50.0 | 54.1 | 54.4 = 51.9  50.7
" Ave. 1.97] 1.79 ¢ 2.00! 2.08: 1.89 1.92
Groundsea : ' i ;
. [ Max. 202 1.95 | 207 215 193 1.95
HCOs water . win | 1.92| 1.75 . 1.95| 2.03| 1.85 1.87
Coastalseawater 2.12) 1.92 ; 1.57 2.12} 1.80 1.67




30.6%& 2|3t Zo® UAA T gt UEFo|2o iyt dgss 3
T EAMx|Ho] 429.4meq/ £, Z1Y¥RA| o] 442.1pmeq/ L & L}E}YIOH,
BRG] HAZE gdof 397.5meq/ £, FHchytS 7ol 453.5meq/ £ B L}
Efvia glvh ER AEA|S ] HAHS 8¥oll 435.7meq/ £, HTiZL 7
Hof 450.9meq/ £ of Z+z} LtebLt HAIH A Al wEE YA gl ¥
MG B} 12.7neq/ L AE 2 55 & ¥o|2 gtiTable 2).

2848 W= FAMX] Qo] 383.9~458.4meq/ £ B 74.5meq/ £ 2]
EERY xo|lF BT, ZYAH2 400.5~459.4meq/ £ 2 58.9meq/ £ & =
X Aol§ uehlo] FxY9 BEF g4 gl o] gyo] A L3R

& 4 Uk Z2APIRE A9 HAPE BEAAYE 8Yol
383.9meq/ £, Z @AY 9¥”ol 400.5meq/ L & Vel on, e Tx9
B 7do] Uebta odch ¥ 7, 8 3 99 YT FArEE EAA
ool 422.5meq/ £, ZFR|Ho] 422.9meq/ L 2 A3t 2| FAH BFE
ALl Hlx¥ FRYALS Hola gt EY A9 x| stai£te] HEA}
= EAdx| Yol 6.9meq/ £, Z@A|Ho] 19.2meq/ £ 2] Ao]§ Kol it}

¥%
o

o
=]

(Table 2).

UEFo| 2ol gt FAAQ sxH3E= Fig. 140 Uepd uiel o] 7
Yol LVEFCIZ v 8¥ 9€ UEEFCIZ sxof Hldte e Fo]
ot A vehitx dod, FAxHY FP sHFY vE7 9¥Fole t}
Al F718te AR Role WHH, YA YL 8YWe HEHTI 9¥FY Bx
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Fig. 14. Variation of ground seawater sodium ion concentrations
by time in the investigation area.
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Fig. 15. Variation of groundseawater magnesium ion concentrations

by time in the investigation area.



2) Magnesium : Mg"”

oIy gol 2L M5FY FRAEEFTY hE EEH 4 Fol= 106.17
meq/ £ 8] HE T Zol2e] oF 3.68%% xA|F= Ao A gt

2 Zabol]l st At mlauygol2e FdeTt EAA|Ho]
98.5meq/ £, Z@A Yol 100.2meq/ L & ZYA|Ho| EAMAFHC} &7t #A
LrEtLU L Qloh Y H A EAA|[Ho] 8Ho 96.9meq/ £, UWYEAY A
8o 98.5meq/ L 2 UtElLIZ glom, Hcigte 7dol EAA|Ho] 100.2
meq/ £, @R o] 101.7meq/ £ A 7@z do] B o n|sld A
2 X & YUehfi glctHTable 2).

g x|t FAIFJA HEHslE EAAHolA 77 0meq/ £ ~
90.5meq/ £ &, HUigtz} AL 13.5meq/ £ 8] FHExO|E Raon, 7Y
=)&) 2 78.5meq/ £ ~88.2meq/ £ B 9.7meq/ £ 8] HEA}o]E Uehfo] Az
o] ZidAgect AA Yl Wyt A e UL & & At =¥
7, 8 9l 94, YUY HAeTt EAMAHo| 84.8meq/ L, UYPRAHo|
83.7meq/ L £ A3l & HA] ZYAdo] £2UE Vehi st =
3 HaE FAY EF 740 FEAAHO] 77.0meq/ £, ZEAHo
88.2meq/ ¢ 2 2}z tehLtD ol e A Hojle sxfle
zto]7h glol AL Hlx¥ S = AAA A s 24
2te] sx b= EAA| o] 13.7meq/ £, Z@RAHo] 16.5meq/ L & T Aol &
Yoz glgitH(Table 2).

otavEol &8 FAIAQ =M Fig. 1501 UERd vig} o] AA
2 Myl FAY BT uixd QS et oded, 8dF e el
FEAAEL 374mn, ZEAHS 282mmE FAM A o] 90mmolAe] WS A

& Hgou} 8dF nfadgoel 2o iyt s FAY EF 2 2ol&
Bolx] o3 glrh ojeighe] F2 AYA|Ho] Mol 2% 2 VS



A4How I gonT wiol folo] mE st wEH EM
Aedpct HA Agets oz BYWCh U 99FY BEE EHAY
ol ZdART tha B AR Ushhn Abd, ols A4AYY AE

7t g Aol A Hof vl €7] dfEd A= FzhHo Hrh

3) Calcium : Ca”

e Fao wel 2 AR sRol Aol ot FadFe tiyt o
AT e 2aful= ALY dBY &R EAUch ditFoT FEFAHIL
FollA ZgolRY FEH|E 20.45meq/ L FEE Fol 2o il 1.18%F
A3te 2o oA olrch

B ZAXGY Agsis o gfEHo s #Eol sE= ¥AA
gz} 7Z1dxd BE BWF 20.5meq/ £ 8] H=E eI Qlth. Aod g
ol =Y HAZS 8dol EHAHo] 19.7meq/ £, ZEAHo] 20.lmeq/ £
2 Uehgz glem, gt Mz o] 74 21.0meq/ L & LIERHR Wb
23292 9o 20.9meq/ £ 2 LIERL}IL gltH(Table 2).

s fol el 7HNE 9¥F AfFolEE UM EAAHo|
19.2meq/ £ ~20.8meq/ ¢, Z @AY 19.1meq/ £ ~21.2meq/ £ & FA|3t2 9l
om, 7, 8 @ 94 MUY YFe=E A Ho| 20.1meq/ £, ZHEAH
o] 20.2meq/ £ & VEIL}Z Qlth.  ¥HH ZFol 2] A2 8Hol EARAY
o] 19.2meq/ £, Z¥@= o] 19.1meq/ L & AL M= HEEXE Yehi
glom, Hcoizl2 FAMx|Ho] 20.8meq/ £, ZEX|Ho] 21.2meq/ L 2 7Y
LIRS Qlo], 8¥ 3t 7ol Ztzt H 4, Hcoits ueld Adsi4g vzt
ZYE& HoAF3 ot

zZhgol 22 ZA M s HHE Fig. 160 Yebd upe} o] £ B
T ORI HHEFE Ho|a gt 53] FA|He iy 7HFY sEHHE=
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Fig. 16. Variation of ground seawater calcium ion concentrations

by time in the investigation area.
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8, 9ol Hls] YriHo T 2 xo|g Holn 9lon], o& 7dF HEel o
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4) Potassium : K’

gl 22 drFol Exzte Fo4EY shiz E s+ 3o HE
olZFrt YWAHORT 9.85meq/ 4 FEE Fol2HY 1.10%S UH3tL 3
t Zog oA drh. HEolLY dUY+F FdeEE FAAYo|
8.82meq/ £, ZdAHo| 8. 94meq/ L 2 UehL} HA|FHQA A4 s
132 go] EMx|Ho| v 52 Z¥YS Roln Utk 2| Ho ulE Hazt
< Bz Ho] 8Uol 8.57meq/ L& VBRI glon, YRS A 8ol
8.72meq/ £ 8] =& Viehjz glth =3 HogL FHxHo] 9.00meq/ £,
A2 9.08meq/ £ 2 FA|Y BT 7dol ZZ vetuz Qch x| slsfe
SEHE Mo HMz|Ho] 8. 1lmeq/ £ ~8.65meq/ £, ZEx| A 8. 36meq/ L
~8.90meq/ £ ] WIS Vel olem, 7, 8 U 949, IRUTY HFEE
= EAAHo] 8.37meq/ £, ZYAY 8.65meq/ LT ZAYExA|Y¥o] EMAY B
Tt §2 & BT ooy, Asllso iyt #Eol2Y HAPS A
ol A 8ol 8.11meq/ £, HcThZt> 7ol 8.65meq/ £ H QI wbd 73X
ool B9 HAZ2 8¥Fol 8.36meq/ £, FH it 7ol 8.90meq/ L B It
o] EXZ 2} vy GAE Bola gk Tt ddsieet s
ote] sxate EMAHo] HF 0.45meq/ £, Z@R|Ho] HF 0.29meq/ L 2
Fax o] g dof us) HExtzt 2A Uehtz glom, A =8}
e HErt A xRl WA Uehuds 23S Rolm gt}
(Table. 2).

o AT ZAR o ZEol2Y ZAIA s=HIE Fig. 179 UE}
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old s=iErt 3A yvehvds 22 Adxgel vl Edx|Ho] =M
FRris gl A d¥E ol U e AHFRE o|FofH
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Ut Ql 2| 3pgof QlojA HAol2e] FH ZTHS FUU 2 HAY
UFolL 422 HEYULERE RuHes o2 x| AUrHTodd,
1980). A o F4ol2Y =& 7IFRF o uizl Aol & UEhln 3

2
%
4 Z9] Aol oF 542 82meq/ £ B FEE] 55 04%S
2

REt ol Zos oA 9lrt. EAUIE @Lol2o iyt Ao
HFEeT EMx|Go] 501.7Tmeq/ £, Z@R|Ho] 508.0meq/ £ & L 3x|H2]

4ol Fx7t tiAA o2 A Uehta ch oy Bhol2e i)
2 790l Edx| o] 476.0meq/ £, HFAHL 485.7meq/ £ B LPEILIIL 9lO
o, Hoge FMA|HGo] 523.9meq/ £, WYAHL 530.1meq/ L B F XY
25 74dof vetua gk agu At e ANHoE & HEA
ol Rolx& %4 AY vix¥ AL Hi 2rHTable 2).

2t £ FAol2%ET WL EMAFo] 471.0meq/ £ ~500.0

meq/ £ 2] ¥ & Hon, YA YL 472.9meq/ £ ~500.3meq/ L B FX] Y
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Fig. 18. Variation of ground seawater chloride ion concentrations

by time in the investigation area.
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Fig. 19. vVariation of ground seawater sulphate ion concentrations

by time in the investigation area.



EF s=ER4A7 vyt S Uehl Aot RARE @40l B
5t FEAX o] 482.6meq/ £, Z1d x| o] 487.6meq/ £ B Z @A o] tiA
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concentrations by time in the investigation area.
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