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Summary

Groundwater is the most important freshwater resources at Cheju Island
and provide almost all of the drinking water needs at the present time,

In this study, samples was collected with twice from the 150 selected
groundwater wells at Cheju Island in dry and rainy season considering the
seasonal water quality variation. The purpose of this study was performed
to evaluate the groundwater quality of Cheju Island with the elevation and
area.

The results of this study were summarized as follows:

1. Major components of goundwater and the EC were represented that the
dissolved solids amount of groundwater in the elevation below 50m region
was increased than other regions. Because a contaminants of the ground
flowed into the underground by precipitation, rainy season was higher

dissolved solids than dry season.

2. According to piper diagram, cation belongs to Na'+K' type in dry season,
anion belongs to Cl™ type in the elevation below 50m region and belongs to
HCO™ type or partial Cl° type in the elevation 51~100m region and
belongs to HCO* type in above 10lm region. In rainy season, mostly cation

belongs to Na'+K' type, anion belongs to Cl~ type.

3. Three factors were obtained from the results of factor analysis in the
elevation below 50m region. Factor 1 was influenced by salt water, Factor
2 was represented by the characteristics of the hydraulic, and Factor 3
was influenced by artificial sources. Three factors were obtained from the

results of factor analysis in the elevation 51 ~100m region. Factor 1 was

_vi.-



represented by TDS content, Factor 2 was represented by the
characteristics of the hydraulic, and Factor 3 was influenced by
artificial sources and the dissolution of rocks. Three factors were
obtained from the results of factor analysis in above 10lm region. Factor
1 was represented by TDS content and the influence of artificial sources,
Factor 2 was represented by the dissolution of rocks, and Factor 3 was

represented by the characteristics of the hydraulic.

4. According to piper diagram, all of the area cation belongs to Na'+K'
type in dry and rainy season. In dry season, anion belongs to Cl™ type in
eastern and western area and belongs to HCO* type in the southern area and
belongs to HCO* type or partial Cl° type in the northern area. In rainy

season, anion mostly belongs to Cl™ type.

5. Two factors were obtained from the results of factor analysis in the
eastern area, Factor 1 was influenced by salt water, Factor 2 was
represented by the dissolution of rocks. Three factors were obtained from
the results of factor analysis in the western area, Factor 1 was
influenced by artificial sources, Factor 2 was represented by bicarbonate
content, and Factor 3 was represented by the dissolution of rocks. Three
factors were obtained from the results of factor analysis in the southern
area, Factor 1 was influenced by artificial sources, Factor 2 was
represented by the dissolution of rocks, Factor 3 was represented by
calcium content. Two factors were obtained from the results of factor
analysis in the northern area. Factor 1 was represented by TDS content

Factor 2 was influenced by artificial sources and was represented by the

characteristics of the hydraulic.
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NNIMREZ FH"E 28y HRrse AL Tdol & A S48
A 7IARE2 2 shetolu} sjaje] Mg #&°] HojAr} stHs
&2 50 mo|Y TLAlofut WS SB35 Az ¥ 4~5U0) Ea}sicy,
SCSE ol 8% A BEMe Arstod yax SR299 sjgq &
TEE ARSI AN R2e 7 xde 7o gy Az Exjolg 5o
AARRSFE K3t £Mstdr). olo) wha} 2} THE FE8E o83 2
= & REYS NYOu B2 18%o] sjntsts 6,389 molch, a2 3
gtol Axe] §% ZFalFo| 3w FyEo= TE2 oA dWF f2ye
0-15%0]m <hitetdl B Exjoo] 5282 25%0|T}.

BTN AP &2} Zuatarg m 2o st gao]l "Hrl. oj5L
A2 HEStel 28147t Ha o ez e wme SHYFul 7t g A3
ol 3t wittz f&o] Hr},

e, AFEe Aot Yore & 7923 3ggwWnt n/'d)e] 44, 1%o] &}
T U 1,494 o2 51 WZ 40938 niof ol2& Hog Hay
ALolth ol AFhe YL Lauel USHR(18%) W stotole] o3}

(36%)2ct YA H2 +X2 HAFEI} To40] 2o 22U EQOZ o]Fo

A4
A Adgg g 23 UTH H=4=2}2dF A}, 1993).

oo

"

3) AA ey

AFE ASHE Y Aol chsiAE 19930 BIEALEA o] o] 2z
= AASgckTable 1), Ast4 zbae] 28 - Pelo} oy Fopy, sjan
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TR ARl et 817 B 25149 Aojglo] ol& 7hs¥t Y st 5}
TET AT Aot ek 1,4949T we) dlxo] st 61697t mgl Ao
2 AMAIEdTh 19 Asts Apu - o) gare 1 6894 molH, AgPog vy
SHA|Yo] 7378 m/day, ARz 331H nf/day, WE2]o 2863 nf/day, 1

2|3 BPx]¥o] 3358 ni/dayo]r}.

Table 1. Sustainable yield of groundwater resources in Cheju Island

Area Recharge Sustainable yield Percentage (%)
Total 4,093 1,689 41
Northern 657 335 51
Southern 820 286 35
Western 570 331 58
Eastern 2,046 737 36
* Data : Korea Water Resources Corporation, 1993 (Unit : 10’ nt/day)

3. O|EXN %

= 8EEHE 34 Yol2(NaK, Ca®, Mg¥)3} 3708 Qole(so. cIf

HCOs )2 #45o] e Zeog Azsin gqon, oJAL EauAHog
Palmer(1962)2] &&/oltl #zxe REs Emmons®}  Harrington(1913)z}
Carreno( 1915)01] LFEILE Qlc),

Hil1(1940)2 5 7He] 4zt 376] 7]Q) tlolojB
#3531, Langelier2} Ludrwig(1942)= EEZHZAAE 2188 2 .
Piper(1994)= otzte] +3& 713t A2 TS ksl g o =Y 92 o
2. OlFolME gol 2o]3 9t} o]k =
T Pol2d UEEI TE, &I nlause SZ(epn)E YELZ
UEhiD 0 8% atztye 2ol daole

1_.
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Fig. 4. Piper diagram for classifing groundwater quality,

Table 2. The separation of water quality type

Water type Evaluation Decision
D Calcium bicarbonate Groundwater of limestone General
(Ca(HC0s),) Representative groundwater groundwater
® Sodium bicarbonate Fixed groundwater related to Deep
(NaHCO03) a fault and fractured zone groundwater

Calcium chloride

. Not general groundwater but Hot spring
® Calciun sulphate hot spring and mineral water roundwater
ner
(CaCl,, CaSOy) PrLA& &
Sodium chloride Seawater or contaminated ground- Seawater or
(NaCl) water by seawater Brine

Mixing type Infiltrated water, Free ground- Infiltrated water,
O~@’s medium. water or traditional drift water Free groundwater
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el sE(epn)E Al YELE Baslo] EAISIL T}ROZ ofo] 23} ol
2 atzol Mﬂ g Aol 9k TololEEy e o Lehdth o
HE Piperst HEO2 AU ZNY 4 BaAg o U B RS 2
L geog Exlzsw 1ot YRo|ME o] HYUE A&BIA| YETHA R o
H ol FEEoIN A Rolx] oA W),

Piper diagran® 24738 ZUSHE o ofF FHojuth olt 28 jolgt
418 % Z2sh} SE- BEHA gon, e+ $HEMI A e
gael Alsael TY, YoleaB 5o BAS Edslsul AgyTHFig. 4,
Table 2).

ol9lol = A|st4o] gAEo] QU F ool Foleel ZHE e
AP BRY 4+ U WYl SEol 43 TAEI WEZo| oY EA
of it FEo| ¥ EAlPel Hrizehmy, ch4zgy, wabNEy, e
3 stiff diagram o] Itk WEge] &7 EAHlE slofd H

diagran?} =2 F&YH, pie diagram, YAIZY So] g}

) BARAE o8 X3kt +ASA o4

B0 £ Mol 4UBAIL ZASHEAE Tloteln, £ dgus
A% BA+E el slgolth SARAY By ABE vuH A
BEE Yohe HOEA ol T ousel MAglo]l VUS4 WM Fo=

)
N
4>

= %

A qhx] F %#91 4% A9 RES Uehg Sold 23, 33 A7}

ol 2 4 % t 7% Uehte 797 woh el

© M4 GE st Ao 4REAT Go HBA4E 1 ®E -lolTh,

3 AAse Aoigtel 1oW RE BAZe] FHsiA Auatel Urhdch ol

£ el 4UASTE 0o TR BEZo] AuAelA oLl el we
1

i
rl
iz fr
4
_g_li
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] (univariate statistical analysis)& g3t} o]g 3} UHAB AR
A7he] @QlEo] M2 43288 sz oo FEfol A Q7B A} e W4
R ARt Syl wolmt B} AH 7= R ob=c}.

2Lt M NE 2AEZNY AT a1go] TN Axstuz} st W4
VEoA B8 F= A9 wr} wepy olg¥t EAE WAsty] 9y

HEF AR (nultivariate statistical analysis)& Al&3tch chHaE AR
o

7

%
o

(]
iy
rlo
P
1o
rk
o
ku
N
2
>
Shd
1%
ﬁo(_:’
rr
ok
r®
o
a

HORA AHEr W W4ES H¥s U] 9l
°l8EE AR TAM wdolrt. paEMe aayxos T e By
L8 olgHejd £ qlr}.

XA, WEES 4Ptk e B WASe] shue 2902 Fo
AER wWE MEgol AL £o) g9log ZojEr),

SHEZs 2URY HLES AAY 2o TPE R oAU EyEHets
&+ 9loBg Byt Wss) AU,

ol EHOT AMBEHE RABME MAiDo Tz} T& A¥3e= R
°f FR¥H dutHow Ayt 49 gele] 25 AW e 2R3
(eigenvalue), FE A (communality) @ 3 7]{ & (cumulative percentage)
e sl AUt £} QAT ML 51 ¢sto AxtEe] A
(factor rotation)o] 7}%3iy) F Ao = 2] 31 ¥] A (orthogonal rotation)3}
414 31% H(oblique rotation)o] Tk AT AL 24l SUNE SAsHE
5 #2329 2U85° ME Fa7} HEE Qx5 Y= WHL2N A 7}
I EBdgdol AUE D olxlnt wlal® A (varinax) o] e AHEE L Qlch

N
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1 AZAH U 84

AF= A 2str 4118711998 1292 H2l) BH Zola] s ET)
200 woj3te} BEE FHOE Ast4F 150708 MG Teln Almajae
T BEE Tsted 19989 11€H(A7])} 1999 79 2E&(S7]) 28
of 44 Algstoch Fig. 5= ARE MY VY AS Yehyz ook

.
I04SS & M .
K310509 310336 9310034 F1os
*  Fate ol .
. §9810226

Fig 5. Groundwater sampling site of Cheju Island,

AEAHAE 24 24 BPUl 3odeds 2o 4~5u8 WU cle, 2o
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T2, pH B AVAER Bo By BE4g "oy s 2 S3& shdd
ohodERE FFS Aol Aok wETege g g HEeds]-Bgs
HEIY EYE)E ol 83l ArEE AW F Axtol o3 Hoy s ¢
et

Table 32 A A3t A5 EMUE2} 3477 @ P4 Uepd Hol
=2

Table 3. Analytical itenms, equipment and method

Items Analytical equipment and method

pH pH meter(Orion 701A)

EC Electrical Conductivity meter(ATI Orion 128)
Na’ Atomic Absorption Spectrophotometer(AA-6701)
Ca® Atomic Absorption Spectrophotometer(AA-6701)
Mg® Atomic Absorption Spectrophotometer(AA-6701)

K’ Atomic Absorption Spectrophotometer(AA-6701)
HCO3 Titration method

S04 Ion Chromatograph(DX-100)

Cl Ion Chromatograph(DX-100)

NO3y” Ion Chromatograph(DX-100)

2. A% 9 XY PRYY

AFE Astee] £ABEE & o APyos A¥RI] sy uxo] ie}
AR chEY £ 9l oY 0~50 m, AJ7}x|2} © 51~100 o, 223 Az
Al 8 A-A Gl 101 wol4te] 37IA R ol 7} 2o £AEHS AWy
orch,

23 HFE 2 TR NAES AHEX M) 285l Fig, 63
gol X, MY, E, BB 49 zlgos FRsATH I, 1997).
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FE-EN A9 FFol st FHAGol MATZS Xl QA o

T 5 B 115 07k BRI £xet3 ok dzlm MExde

= i 3 W 40~60 molME EEst gt YRGS Mx

3ol e ol £Xstn gdon, 17} Holu4E 1 Ex
A

Al
th E¥AGe BT oF 200 woldt 2o AL AT

4 flo rr
o
4~ o

[ Bugchon

Eastern Area

Northern Area

Western Area
Southern Area

-

Fig. 6. Map showing the division of Cheju Island.

3. s Adaty

1) Piper diagramof 2J% +2R/Y EF
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Aste £ sheta RAANE BT Ushd 49 we oY 42s A
Tobslzl 7t ofYrhs whol Atk oldtt DA G BYUY o] degmea. ol
2e EHAHE vAslL Wste BFol AUSIES SA4EIY Aolue B2y
T oolend, 3 At olg T4 BUESI Y NIEL AZsiog &
83HA AHglofAth. o7 IHE ety B ANE Uends] sistod 713 ol
AL Qe EAIE $UE Fol piper diagrang o] 83}gT}.

2) FAELHE o] 8 A3t £UBA sy
= 98 2M ARES HIEOoE Pdojz RN Yol =gl
kS Ul + e Wdd BAY B4 Bl M4EDY ABAS ¥
EN =g

st 289 4 Atk oslold: AAMWEE Sof AxH Y e
shotsts] gistel ChARB AR WHES sl RARMS AAstar)
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V. 2z 2 2%
1. O5Y 3=

1) =2] - 313t B4 g g2E30) ey

AZA] £AARE 285t A7) LUlo] MRE 2st: N BE 236t
ALoolE Mt YUY A PYEL 1EHE TEL sl Table 49} 50j
Z}zt Ltehglch

(1) #4025 % (pH)

B2 23t pHE 40llA 9atolo Qlom Hax|e] Mo 5~
6.5 Azx|Hof = 7~8FTolrh AMYERSL pHr} 4HT} D sjLe] pH-
HE 8.10o0M 830 £3cHH, 1990). YUt oF xsl4olM pHte L
Tatgolut 'hbztael ofo] ojsiA welxlid] xsteule] SMIZtATL La)E
°of oo’ thdE WA = olof u3) dZeFA LE W nlauLe] Ehate
°of Aty Kol B3 i Aol FREAIA HLu2 pHZto] A st

A= deth Atk CHEAE thEE ol Qlojd phe then} 2e 2714 o

2 e SR ARZ oAJA Hid A= AWAIF 2R 2 9= pHe
B Ao 2 6~9alelojn ERMEE £84 AU ) U £ g 3
=& 1 pHoll whel 227} 7] wjZo|Th(g, 1998).

710l A& phe B 7.590, Ha, Hoizhe 24z} 6.49, 8.720]c} o

2l $IME B 7.552 Uelon Ha, Hugke 6.563 8.7302 U
Bhti 9131, A9 wlxq pHel H9Igte Rolx 9tk

(2) A71 A= % (Electrical Conductivity: EC)

WdEEs dEHY CJ2AEE Uthle $-AxsA 2o L3150
% A FZ(S)E Uehdc gwtdoz AATTE d8y ol a}
et S715t7] Wi 2ol Lx 9 npustAE VAolH ZFFo|R| elxjolr}. GlK°2
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UL o} njoo S I HIAEE s} nje ¥on Q@A
< F713} ogn MNAEEE 255} 1 7
7hicln A 2UTH A, 1990). Table 6oll= B9 Z&o

o}
HE AINHVEEE Yepygn,

ES
i
olN

¢

Table 6. Electrical conductivity(EC) with the kinds of water

Kinds of water Hem(1995) Cleary(1990)
EC( xS/cm)
Pure water(distilled water) 0.05 0.5 ~ 2
Snowme] t 2~42
Fresh water 50 ~ 500
Mineralizing water 500 ~ 1,000
Industrial wastewater 10,000 >
Seawater 41,500 >
Brine 225,000

31(1998)= A71A =%} 600 pS/ens AF U AL s+ 2qlq) o3t &
T JHed g 24313 9} A7 MY 2 st4oll A 50 mo]s} Z| e} EC
= BT 269 uS/cmol H:3Zlo] 1 082 #S/co§ Hol ot} 51~100 m x|
oM BF 211 uS/cmo]z 101 mo] el A9 Ecrt WR 118 4S/cnZ L}E}
SCh B e RO 42 Ajdse ghol A2 ZFolze ARg »
°I3 lom 100 4S/cmujgie] Ay ¢ 257) B=F Y},

F71ollM 2] EC 2he 50 mo)s} Aol e HFE 309 4S/cmo] T 51~100 g =
2 229 pS/cnS 2 ey} 223 IE 101 mo]Abe gl = ECT} 134 4
S/emE Boli glrh. AFEm x|sjae] B& EC 32 500 uS/cm o]sto]
Cleary(1990)of ]3] H&3}H fresh watero] &3l Hog Lhebytet,

ALETF W2 AR} &L EC 7te 2ol gl ol AAF4Tu)of
whet 2)3h7} ol EstE A g2 2o LEEHo] Edo] Hol x|y 2] 84
2 frddol Hof Uehd Aoz 2my <7t Qleh Zel3 £ gy A 340l A

»

2

u
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7t 2710 B BE 2ol EC Zho] wAl UElRton ol FLof o) A ®
o 2SN} FEEHC] AR Ro] Hof Lehd Azetn B 47} r),

(3) a¥ol&((Na’, K', Ca”, Mg")

O UEEN): UEF ol £84224 Bk} aAufoll A whaL}e}
SAE =l o7 1 a3 A S|P 2UFEA AR u] 2L
(incongruent solution)o]t}. o]je] sf4=e} ZHI 2 HoML 2|3t 223}
sl S LA TR wjatd @gEo] Zstd A ES 9 x| Fhgol A
'S UEFo|29 ¢&fo] LUebd 4 glrh. 2|3 NaHCOsL} Na,C0:& ctisd g
b 2|3t pHIE of Jolidofl o]2W, f2ue} HEE £AUVFoRE MAF
o} alz] ¢toL} WHO, Y& 5 tfRE Uele] LA 150~200 mg/Lo| 3t
B3t3 ArH L %, 1995).

7)o VtEFOIZS] UL HI 50 moldl | HoA 7t BHF 16.83 mg/Lo| L,
H3 51~100 m X2 18.38 mg/L, 22| FEID 101 molit o= F
8.44 mg/LZ UElTh $7lolH s ¥ 50 mo|s}t 2ol BF 21.39 mg/L,
E3 51~100 m XSS 17,51 mg/L, el ¥ 101 mo| Aol ML 11.25 mg/LE
Boli glth o= A 7|4 FEL3 2o i) Fug wol UEEF o]
28 =7t thE ARt Bavh W2 HAolA o &A Uehd Heg w
elch.

@ ZEK): & fof §&H FIIEAY dFo2 B 408 235L 7
o] &2 2R o2 ME ZUHRE F2 AN EE LRF 5o &3 Ha
g 7 olth o] fof ZFo]22 nlgY F FHeA0RT SdWZo] T
ol mep dFH ez AstriE fdol E 4 Qlrho]l &, 1997). FAH<Q
A|stpe AN O 5 mg/l wlnte] ZHE JIA|Z 2leu} I o4t e o)A
HE dt 249 Jhsdol Atk F sige] o &gt Zolit seko|L} HY)
=of 23] edd Zlojrh(#, 1989). ZFol22 il HEE £UVZE0
= AdAEo] oAl oyt g A SXloHE $£AUVNEL 12 me/L o|3IR
e odrHe 5, 1995).

AEol2Y FE= EI 50 noldt 2olM Aol HF 4.34 mg/l, BT
51~100 m 2] 4.03 mg/L, 12| ¥ 101 molA} x|Ho| 2.75 mg/LE LIE}H

o
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th 223 f710iNY) SRS ¥ 50 molstolq WF 5.62 mg/L, ¥ 51~
100m 2]} 3.58 mg/L, Z12]3 ¥ 101 mo]At 2| o] 2,91 mg/LE Bol: gt}
tHEEe] A qollN B 5 mg/l o] A4S Holx ofom F71oM o] sE7} o7t
A LEha el

Q@ ZE(Ca"): ZgolL Wiy, WL, Mz o Z 3183 (congruent

solution) = dag Zsts Az leﬂ%tﬂ(incongruent
solution)o]l 93} & %02 ZIHTL LHEL Y8 £U72g Fslo e

St uehks AY glod, Sdod: 400 mg/L o|stE FAstT Ao, 3t
d2oe Blale B £U72o ZE24 10~100 mg/L o]} T‘sz‘s}ﬁ U
th. Felvel Heg $AYElE AEEA 300 mg/L o]5t2 AT olc

ol €3 A7lof B3 50 woldt X Holq HWF 2.13 mg/l, ET 5
1~100 m 2|92 0.71 mg/L, 22|32 ¥ 101 mo]Atol A= 0.34 mg/LE Ro]1
Stk 2|3 fTlofME BT 50 moldtoll NIt B 5.72 mg/LE UERT 9o
™, 51~100 mollX& 2.68 mg/LE, 2|3 3 101 mo] /o] z|Ho G
1.02 mg/LE Holx 9t}

D olau#E(Mg"): BE nlIulE ol 208 2y syose W&

o mtavES ZYET Yeid 5o g3 U olouys-ArtREo|y Fakda
=oll &aloll 20gk Zlo] YA Rog AANCL Ly HEB Ly zo
2 ARHo Al ot 42 Ty =9 5o £UsZo| 50 mg/Lo| s}
2 A3ta 2dch

ntIuE ol BEE AWMEW ED 50 noldt xdofH I 7.16 mg/L,
H3 51~100 m 2| H2 522 mg/L, 22| F3 101mo]A4e] 2de 2 01 mg/L
2 UERLA olon, f7lojME EI 50 wolst KoM HWFE 7.04 mg/l, ¥
51~100 m X2 5.06 mg/L, 2|3 EI 10lmo]4te] X]HE 3,07 mg/LE Ko
odct. n}luﬂifrolizl TEE A7 U)ol vt HEo) HE Rolm
gem F£IoMst =2 < Zo% el gt

(4) o] =(HCO;, SO, CI°, NOy)

O FEato] &(HCOs ): FEHE o]

o

kd

&3H BRATEA(COy)ol o3 =34
ol &2 4ele Zazct F gsiE whabztast M3jgoly wWeata ya

flo
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g mols ol UM o Tuy Ze 9 olaug P23 wigsio e
SE HYTh 223 ek o]22 pH ok g 35T JIELE Fo I ojatoy =
PH7L S7145 00" Hejs Zx)sie= ol wopdch.

A7) whe] Fehatolee] w7 SEE E3 50 mo|s} X QLe 32 73 mg/L, E3
51 ~100m 2] Hojl M= 30.37 mg/L, 2|3 HE3 101 mo)A} A9 FErato] )

=7h B 27.56 mg/LE UER} Q). ZLE|3 7)o ¥ 50 nols} =)o
oAl 34.60 mg/L, 51~100 m x| o 30 97 mg/L, Te]3 E 101 mo)Ate
2|92 FEHal o] 9] %‘E*Ol 27.08 mg/LE Holx Qlty. A|e} F7lollA 2]
e Ao BolxE ¢tu glom AA AN M) & sjelrie gz A}
SEHE o] 20] vﬂv}% BHE Holx Qr},

@ BAtol2(s0,7): A slaye] Batoleo TE ¥HYEe) aszg w g
ol o3t ZhstA ®ry ogm AHtdd AAoMs @aol e o}2k7}x)
2 3ol o3 Fgol ofsf Haro] o] o} :g 7 gtk 2d o] Batn)
Iulgolil G EFHo] Antar ste Hol glod 2& 3 U, ogar 2
T B7I ol A9 MAE Qoss zo YA k. feye) gz
THIEoll= Hatol 28 200 mg/Loldt 2 73}t Qlch

A71olA 8] Hatol2e) WZ v g3 5 mo|3} x| o] 14.92 mg/L, ®31
S1~100 m 2| HoflAx 11.06 mg/L, ¥ 10] mo] 2] 2o 5 25 mg/LZ 1}
Efvbar gQloh @70l s 3 50 mo|3} x| Hol A 34.97 mg/L. ®7 51~100 m
o4 19.61 mg/L, g3 ¥ 10] wol 2] 2| Hoflx 858 mg/Le] wEE Kol
A olth f7l6lM 2E7} Yy psE Bl S} VA Zrlste A &
= 77 et o]k HEo] gahxo A2 Zasts Hxoloof sfot
Aleh 2| go A sl42] daroz ol TEIF woldl Aoz B %7 9}

@ Faol2(Cl): Paoled 2R Ha e, SEY wWAHE 9 A4
TOE A} xs}4+E 80| HL). BAEEE KC19 #Hejz @Ag LIXR o]
ATh 53] dar LA} so AZE L2 /71313150 YRow AH&
ol HojAln, poryy oz oAy TEOU fFEAlae] o3 x|tz g
Yokl 1998). 223 sjote] A3 Aol si42] dare wlopy o
°l FEIL 43 A "Hrh Layeg Heg TUNEL daole wry)
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250 mg/Lolst 2 FASIT Qlr).

A71oA Eu88 daolee xce HAHEE E7 50 wolst xgo] W
24.13 mg/L, E3 51~100 m 2]H-L& 20 24 mg/L, 12|31 E3 101 mo]At x| o
Me 7.99 mg/LE Mola Qr) LrlelM= ET 50 mo] 3} | HollA HF Ha
o2 %7} 98.12 mg/LE e}y 3, E3 51~100 m 2o 75 37 mg/L, 12|
<L 101 mo] i} Aol A 34,93 mg/Le] wEE Bola gt 7)o g
HLol 2557t 3702 «‘Zéé At 71&Exolst2 etz gloy 7109 A
Hrohes 493 &2 S Hol3 e, ol Lo sy o =349 /¢
O 3t oz %785'45}

© Yol 2(N0y): chiie) Ze Warole e ARl XU ete] urgo]
o3t Zolets|urt 47189 Ra *ﬂ%s}—?u} 24 W78 52 2odo] ostol
g &ol Za3 ©r}. 3, @**0124 NUe BE AEELE uRY Roz
=7 dlom ARASEE 2% NG uRs] o] mBwe A
49 l4Bel AU L% Fof s Yol ZashA Hrho] 5, 1997).
U SET 45 mg/lolA) B RololA MBS Yoy ol ru
EF2E AU 7 glom, ooy SN folBeld Brlun zex
& LT Wtk By WA HeE £UAEE 45 ng/lAd, o]8 WAl
2NN 2 Habetd 10 me/Lo] sfgtich 2e)m s+ sEe Yama
4% 20 mg/Lol3tE Fojolr).

Azof whE Aato] 2o L2 AMmum A71olM 31 50 wo]s} xgo] m
w 32.15 mg/LE Vel om, ¥ 51~100 o Aol M= 21.15 mg/Le] L B
°l3 EI 101 mole] A BWF AUiko]L e EE7} 9.79 mg/L2 UEelydr),
TlolAe] BF Aate]l e wxl g3 50 wo] St A 7} 65.40 mg/L, 3 5
1~100 moll M= 64.46 mg/L, 28]3 ¥ 10] mo] 3] 2]92 30.67 mg/LE L}
BT ZA71Rch 7)ol 7F Aato] 29 w57} BE3 'S AL U £} 9l
=H ols 2R Q@EUol ool sy 281z ol Hol Uehd ZAzlz
= b vk 223 ¥ 50 mols}t x93} 51~100 o ol s BZ Aalo]
< FE7 B B JIEXNE 239 o2 Yy Wr)
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2) Piper diagramol] 2]3t AU EXN

(1) ¥3 50 mo)3} 2]

Fig. 72 E3 50 mol3}t 2| dollA 718} 27]oll 20213 x|314 A 250 of
3t gol23} Fol2Y HEE YHOE BAslY piper diagrand 2T A
olth. Z7lol M2l piper diagramol i o] 22 Na+k HElS Ho]x glom 2
ol && Cl Fehot HCOs FEhE viehba olch. 2zbe}l atxode] QB x)5148
AR th-22 Aot ¥ L F0He)Y 2sl42 B 47} gUr). sjetA |
o Aot d+T HB/(EUY)OE olFsa o dBE LX(NCIHE)O T
& o]%& staalch

Il et 2o AhpolA o] NaK HENS Hol3 glom Sol
=2 Cl Fel& vehlio] 245382 gkl
3ot AP HY 2strUr-E 40 darg yo

(2) ¥3 51~100 mo]3} =]

Fig. 8 AF= E31 51~100 m Alolof 9|2|qt 2|3t4 BHE th oz sfod
piper diagrang& XA|¥F Zlo|tl Z7|ollMe] piper diagrama HH o]
NatK FEfE Hol glom o]

31 51~100 m Apo]e] x]F}4=2] %Pé-%’r%'% s %‘EM AR B 7}

o, S5o GRAY At d¥E= gMMIEF el £8P Holn
th Jel ETt YolA£F R Eo] (EHUH)Z o|Fs
Tl $7]ollA ool 22 Na+rK HEej & o
LERAL it o] @aol&o]l AHE & Fo 71Qsiy USRS o
o] HIEMIIEE(NaCl) HENE ol Qch

(3) 3 101 mo]A} x|

HFE= s 101 o o] &to] $1x|t A5t BAHL At OZE 3} piper diagram
& Fig. 9o ehioleh. Z7]ollM ofo] 22 Nark HeEfe] Z& olf3 9, &
o] 22 HCO; HElE UtElla ittt 317} Yol 4E elahEFS 220830
M FEel] U RP ST olFsta At

F7101412] piper diagrane Fo]29] thEEo| Nak HE)E Rolm Lo|L

AMEE Hel§ RBola gl 1gn
] w

u|o

dorompu 32 30 3o

Sl

o

o
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1 9310138(6m) X 954007 1(37m)
2 9330341(7m) Y 9740002(40m)
3 9340262(8m) Z 9310037(40m;)
4 9340379(10m) a 9330265(44m)
5 9340632(10m) b 9640075(45m)
6 9320672(10m) € 9340871(45m)
7 9510052(10m) d F253(45m)
8 9540192(11m) @ 9320324(45m)
9 D120(14 2m» ! 9330018(50m)
A F125(15m) 0 9320687(50m)
B 9320503(16m) h 9310455(50m)
C 9630063(17m) ! 9510059(50m;)
D 9340848(18m)
€ 9340358(20m)

| F 9330308(20m;

| G 9330259(20m!
H 9320500(20m)
! 9310514(20m,
J  9330220(23m)
K 9330256(23m)

| L 9340520(25m)
M 9340670(28m)
N 9530016(30m)
O 9310462(30m)

{ P D170(31m)
Q F286(32m;
A 9340326(35m)

S 9330378(35m)
T F228(35m)
U 9740113(36m)

V' 9330027(36m|

W 9520040(36m)

|

!

L

e

| 1 9330250(3m) U 9330027(29rm)
2 9340848(6m) V 9310462(30m)
3 9730017(10m) W D17031m)

4 9330256(18m) X 9640126(31m)
| 5 9330378:20m) Y F286(32m)

6 9530G16:30m)  Z 9340520(32m)

7 9340164:133m; a 9340959(33m)

] 8 9740113(35m; b 9340326(35m)
9 3330254142m) < 9540108(35m)
A 9540090(50m; d F228(35m)

B 9340262(6m) e 9640075(38m)

I C 9310138(6m) ! 9310037(40m)
D 9340358(7 5m, ©@ 9530036(42m)

| E 9340379(10m) h 9320324(42m)
F 9340632(10m) | 9340221(43m)
G 9510052(10m) | 9330265(44m)
H 9340093(11m) Kk
I D320(1am) !
J F125015m) m
K 9320503(16m) N
L 9630063(t17m) ©
M 9840215(19m) P
N 9330308(20m)
O 9310514(20m)
P 9330220(23m)

| Q 9640058(25m)
R 9320500(27m}
S 9340020/28m)}
T 9340886(29m;

Piper

diagram

chemical
groundwater samples under 50m elevation in Cheju Island(above:
dry season, below: rainy season),

showing the compositions of the
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340959(53m 9340384(100m .
gw3£zssm: 9340537(100m) N
F121(56m) 9640027(100m) \
9310611(57m) 9640025(100m)
8340221(60m) 8530110(100m)

| DO45(100m)

9740133(61m)
F279(62m)
F222(62m)

F 158(62 5m)
9640122(65m)
9640126(65m,
F123(68m)
FO02(69rm)
9340014(70m)
9320092(70m)
9620002(70m)
9320162(70m)
9310142(70m)
9320088(75m)
9310336(75m)
FO70(80m)
9330276(80rm)
94sutak(80m)
9330254(83m)
F287(85m)
9640065(30m)
9340007(30m)
D258(92m)
RO03(92rm)
F250(94m)
8320165(95m)
9330012(97m)

F 164(100m)

9330209(100m)
9330207(100m}
9540086(100m)

D=0Q0OYN<X

E<CHMDOTVOZZIr X~ IQMMOOTPOENONAWN

9540073(53m) U 9330276(77m)

1
2 9520040(53m)  V 9340537(79m)
3 9340384(56m; W FO70(80m)
4 9530110(57m) X 94sutak(80m)
5 F222(62m) Y 9320672(82m)
6 9320165(67m)  Z F160(83m)
7 9320088(77m)  a F287(85m)
18 9340028/84m) b 9640065(87m)
|9 mo03(92m) € D258(88m)
A F250(94m) d D045(99m)
B 9340871(5am) e 9640027(100m)
C 9520044(54m) 1 9330012(100m)
D F121(56m) O F164(100m)
E 9310611i57m)  h 9310389(100m)
F 9330352(58m)
G 9740133(61m)
H F279(62m)
I F158(63m)
IJ 9320162(6/m)
K F123(68m;
L F1a4(68m)
IM F002(69m)
I'N 9330018(70m)
| O 9310042!70m)
P 9530091(71m)
[o 9320092(73m)
| R F174(75m)
S 9310336(75m)
T 9620002(75m)

Fig. 8. Piper diagram showing the chemical compositions of the
groundwater samples from 91~100 m elevation in Cheju
Island(above: dry season, below: rainy season).
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1 9310389 105m)
2 0328(108m)
3 9730012(108m)
4 9320219(110m)
5 9310509(112m)
8 F169(115m)

9320583(130m)
9340278(135m)
9340074(135m)
9320464(135m)
F102(136m)
F136(140m)
F127(147m)
9340399 150m)
9540262(150m)
9340164(150m)
F254(151m)
9340553(155m)
F216(158m)
F148(165m)
9340180(170m)
9330222(170m)
S310453(170m)
F187(179m)
Fa45(180m)
9730041(182m)

E<CHUDOVOZZrX--IOMMOO®

0251(187m)
D218(188m)
D317(188m)
F244(189m)
F210(195m)
D232(195m)
F145(198m)
9340195(200m)
8320363(200m)
D262(200m)
9320549(200m)
9310034(200m)
9310226(210m)
973000 1(225m)
F152(235m)
9320490(250m)
9320026(267m)
9310504(270m)
F153(288m)
9520008(500m )

0V033-X—-3J0-0QA0OBN<X

1 F169(115m)
2 9340100(120m)

| 3 9340553(147m)
4 F187(179m)
|'s Foasc187m)
973004 1(183m)
0D262(200m)
9320363(2 16m)
9310453(234m)
9520008(488m)
9340007(101m)
9320219(103m)
9730012(105m)
D328(108m)
9330207(108m)
9540086(110m)
9310509(1 12m)
9510036(1 18m)
9340579(122m)
9320583(122m;
9640025(123m}
9310004(127m)
9340074(135m)
F1140135m)
F102(136m)
F271(136m)
F162(138m)
F136(140m)
9340553(147m)
F127(147m)

CHODOV0ZT XC-IDTMOOTrPOO~a

V'  9540262(150m)
W F254(151m)
X F216(158m)
Y F148(165m)
Z 9340372(166m)
a 9530028(176m)
b 9320464(176m)
€ F187(179m)
d 9340180(182m)
e 0251(187m)
! 9340081(187m)
0 D218(188m)
h D3170188m)
t  F2aa(189m)
} 9330222(190m)
k  9310034(180m)
I F210(195m)
m D232(195m)
N 9320549(202m)
© 9340195(203m)

§<c~w-gvp

9340399(207m)
9310226(210m)
9320490(215m)
F152(235m)
9730001 (254m)
9320026(260m)
F 109(265m)
F153(288m)

the chemical

diagram
groundwater samples above 101 m elevation
(above: dry season, below: rainy season),

Piper showing
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3) ABEM (Correlation analysis)3} 2 QI# A (Factor analysis)

2AEH(factor analysis) wpe wWio) BIUAIEE 424 72 o
Ulfactor) 2 Yotsis ubdel stz Aol 53U 20] gt
83 o] 2E& Hohfo] Z M4}t o mE 3 o
AP st 1 Anie] BExo] Raoixe Zlestale BARA Yot
%, 1998). QAEME BE weo 2o Wasguy PUENE vigos
stod z} M4Eol Ualgo] gl= 25 Q95 Foldch

AFEo] 23t ehls 23E ol ojm gt ) ole) o3y g wie
AAAE dotdy] glsl a8z 2ES 319 g0 AEAE HAlstadet. 24l
THE UM 9lsted AlRH EATZzoac windows-& ¥FZ SPSS(7.5
version)ol, 2ol¥Xol AlgH g & ZAlo) v 2 4R 27 279
718 zAb ANE yozwt wetgn 2A2Mol UM Ay gz
(skewness)& | A3}7] 2lsto] MBS Malstadct. 7)o AMEH W=
A|8h4=2] FAEQ Na'p K'yoca®  Mgd HCoy ', S0, CI°, Nog®jo] EC, 123
Aot Fl Y F 5 Qe 7t 2sps B E9l FHA sz}
o ARE H4E TP AT 2922 wyoze tlolele] FEAHe o] &3}
o 71 de A1ey3 g 8+ &4 (Principal component analysis: PCA)
WHE AHEshTh fed4 ARe 18 +ril(eigenvalue)o] 10]4tel Rog 3}y
A, 8o Yoz RAST SUHL SR FHEM M= 27t HE
= A= varimax H 2zt A walg wystdc},

(1) 31 50 mo]3} =]

AFE E3 50 wols} 2o Ao £UBMo g oAl RUES Yolr
22p A APEAN S AAISHTH Table 7). ECob: rjiLie o] &0 &2 A
P& Holu 91 B3 UEE Bol2z o o]S’_o{] 0.942, 0.9312 A AtzA o]
Uebdch Je2l3 "atolen} Felalol e ECet 04429 04922 ¥
BHEE Boll UEFo|2e may4gal o dA0]| 23 §2 ABB/AE o)
ATH @0l 22 UEFo| 23} Hato] ol 0.8971} 08712 w2 du

o131 gith ol @aole, UEFo|L, Bitol2o] 2L AUy fefd

k

rJ

o -u §& Hr
>

l }Ll rlo
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Table 7. Matrix of correlation coefficients for the groundwater samples
under 50 m elevation in Cheju Island

EC Na’ K" Ca”  Mg“ HCO; SO0 Cl NO;* Elev- Dist-
ation ance

EC 1.000
Na’ .942  1.000
K .508 .535 1,000

Ca*’ .731 651 460 1.000

Mg* 875,915 438 .597 1.000

HCO3 442 536 . 468 .413 446 1.000

SO  .854 .787 449 604 .646 . 535 1.000

Cl 931  .897 462 .632 .790 432 .871 1,000

NO3 492 252 (195 465 215 -.124 435 .413 1.000

Elev- - 478 - 472 - 401 -.335 -.321 -.171 -.524 -.495 -.208 1.000
ation

Dist- -.297 -.315 -.274 - 258 - 229 -. 142 -.231 -.296 -.047 .730 1.000

ance

Table 8. Factor matrix for the compositional variables of the groundwater
samples under 50 m elevation in Cheju Island

Rotated loading matrix

Variable Communality Fl 2 F3
Na’ .912 .930
EC . 963 . 928
Cl .874 . 884
Mg* 772 .874
S04 . 789 . 845
ca” .627 .736
HCO5 .768 . 669 -. 566
K .459 . 581
Distance . 871 .926
Elevation .875 .877
NO3 . 854 . 862
Eigenvalue 5.527 1.938 1.300
% of variation 50. 244 17.617 11.822
Cummulative % 50. 244 67. 860 79. 682

* Factor loadings less than 0.400 are excluded,
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RALZ & 47} orh 12z mael sHetdztel Azl ohyt 2t gZo) 29 4}
o R 2o HBHLE Holu 9t} Table 82 AFE 29 31 50 gos}
Stoll thsted RE Mo AzpE ety Zolth thREe] ol

°f & A& olf3 9oy, zFojes %Y o o] FH=x Esjy
< W7t FEHgon, 29 1o Na EC, CI', K', ca¥, so7,

V", HCO: o] ¥ao g thEEoix|m o HEEo] o3 My £ s Hag
¥ 50.2%0lth oyt Qol 12 TISY o ¥ Az lem old B
7IFE Aol AT Gyolat B 45} ek 2l 20f= g1 s et te) Aag
T UEH 4 olom ol: feutad Eyoz 8 2 qr) g 3ofl= N0 9]
BTOE dESoAlLH, ol ey ode wnrg Uepy o8 B %7}
sith #2=old 3709 Qo2 Musgojy ~ 31% =4t 42 A9 80x
3 Eolt},

(2) 31 51~100 m =]
Table 99} 100l= AR = ¥ 51~100 o 2ol 9}x]5}
3 AuEMz} eol2Me AAIZE A2LE el Zolt},
ECote] 22 UEFolLn naus, Tatele e
0.831, 0.714, 0.803, 0.86328 o Alp )
HEFOIZL Aol Bato]23te] Alzbao = A
°]Z& thE °JREIE AY HHAo] g & & 7 dth. 2N 7
o 8dlo] 347 F&e] Hadm, 29 lef= N, EC, I K'. S0, o
BHORE thEHIA T A MuEoy £ qu A 40% FTolth. gl 2
ols E3ob siekdztel Azl2a U ABEHAA £ e 2abe 16%0)
W 29 3o N0y, Ca¥, HCOy o] arog i ol dEEod £ s
15% FxZolth 2 12 TDS ¥o 2 thds ol o E¥ oo Hgarg 1}
EbA &*OIE} T7h Atk 29 2k feYy BEHog B £ aden, g9l
32 Aeld 2B, E-obye gaulgos B 4y olch.

(3) F31 101 mo]A}t =] od

AFE E 101 mol4 2 o) 218k x5 23 o) FHE mxE= U5

YotHT] elste] H|ENZ} @olEMe dAlstelth(Table 11, 12).

K

rJ
-
~ o
L
—u

_36_



Table 9. Matrix of correlation coefficients for the groundwater samples
from 51 ~100 m elevation in Cheju Island

EC Na’ K Ca®”  Mg” HCO; SO0 ClI° NO; Elev- Dist-
ation ance
EC  1.000
Na" 831 1.000
K’ .541 526 1.000

Ca“  .244 112 103 1.000

Mg  .714 .539 .736 .064 1.000

HCO3  -.005 .345 341 - 264 .153 1.000

S0, .803 .687 .483 .106 .471 .053 1.000

Cl. .83 .760 .385 .151 .566 -.008 .770 1.000

NO; 617 .260 .175 156 .525 -.375 .367 .348 1.000

Elev- -140 -.195 -.202 .100 -.165 .005 -.075 -.060 -.080 1.000
ation

Dist- -.141 -.181 -.224 005 -.359 -.169 .197 - 034 -.243 442 1.000
ance

Table 10. Factor matrix for the compositional variables of the groundwater
samples from 51 ~100 m elevation in Cheju Island

Rotated loading matrix

- Variable Communality 1 2 F3
EC . 961 .923
\a’ . 802 . 881
S04° .814 . 870
Cl” .793 . 866
Mg” .728 . 727 -. 440
K .625 . 687
Distance .795 .891
Elevation . 496 .701
HCO; .832 -.870
NO3” .726 . 691
Ca” .285 -.505
Eigenvalue 4,373 1.770 1.714
% of variation 39.751 16.095 15.578
Cummulative % 39.751 55. 846 71.424

* Factor loadings less than 0.400 are excluded,
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Table 11. Matrix of correlation coefficients for the groundwater samples
above 101 m elevation in Cheju Island

EC Na’ K Ca”  Mg“ HCO; SO0¢ Cl NO;* Elev- Dist-
ation ance
EC  1.000
Na’ .845 1.000
K’ .600 744 1.000
Ca® -.123 -.063 .098 1.000
Mg* .582 496 .267 -.193 1.000

HCO3 182 439 1392 - 025 .053 1.000

S04° .500  .543 643 -.148 332 .205 1.000

Cl .888 794 567 -.108 .594 -.007 536 1. 000

NO;” 783 640 326 -.356 577 -.080 411 .815 1,000

Elev- -.479 -.616 -.346 .020 -.386 -.182 - 360 -.482 -.498 1.000

ation

Dist- -.299 -.206 -.012 .048 -.168 -.210 221 -.194 -.205 .298 1.000

ance

Table 12, Factor matrix for the compositional variables of the groundwater
samples above 101 m elevation in Cheju Island

Rotated loading matrix

Variable Communal ity Fl F2 F3
Cl” . 860 . 924
EC . 860 .921
NO;” .871 .879
Na’ .907 . 864 . 400
Mg* .544 .709
Elevation . 499 -.634
S04 . 765 .614 . 581
K . 820 .609 . 582
HCO3’ . 668 . 787
Ca® .288 . 464
Distance .855 . 880
Eigenvalue 5.029 1.585 1.323
% of variation 45.717 14. 407 12.028
Cummulative % 45.717 60.124 72.152

* Factor loadings less than 0.400 are excluded,
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2. MIAZB| BIAHO W2 XHY Lu=y

D) Z2] - 55ty 54 g g2oa0) glariy

AF= A5k A7)0 2710 2128 ARES 72N AL F 2z
PEE 22 sl Bejy 4 g g=2o]e U] 714BAL IS Table 13
2} 140 LleRgich.

(1) pH
A71ae] RG] 254 HWF pHe 7. 70013, MERHL 7,50, Ez
= 7.57, ERAHL 7,652 Uelyth £rjo= TR o] pHrl HF 7,60,

MFAIgol 7.43, B2 7,60, T2 BERx o] 7. 552 UElgtcth 7 2y
old el pH gt wlseyt dabg Holm glom, A e F71oll 2 H3te] 2ol
Holz] Qfom, M pHel Wel 6.62~8.73 o|c}.

(2) A7AEE

T Sl E ECY ol 4wt Weu ubs) 2xEae) TRt 2EEA
o] fdgol wel Ho}A Tt Table 6).

A7l EC gh2 SRR ol BF 309.85 4S/cnd Holx glom, xiExd
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o] 243.19 xS/cm, HFA 2 BEd0] 2}z 164.43, 158.23 uS/cn®] 3t
LER S gl

Tlefl Zt Atz WP i oge Aol 389.86 wuS/cm, AlEx|
294.22 pS/cm, YEx]o 193 23 #S/cm, 2|3 BHzjoo] 18840 uS/cn&
HERHIL glth A1 9] BE SHzee) Wy Eo Yol 713 A veh}z
st ol FX¥AYY A thol N Ee EC UL Bolu d=d 795}
W, ¥R 0o mre edEMe Qoo ot AJAEE o] &A U
ElLta glct

(3) @Fol&(Na', K, Ca¥, Mg¥)

O HEEN): ATz ERxe] 251404 27]o]s 3jetly = Hofy
200 mg/Lo]%}e] N EE Holn, 1 9 Aol M= 10~20 mg/Le] WIS e}
otk $7lole BF 5=} 38.92 mg/LE Holm slom Z7lufjo} mpxtzix)
2 LA AN E 200 mg/LojAte] He Hr = UERZ ol AExge
71 B 13.80 mg/Le] SEE Uehhz 93 FIlole oML} 22 e
18.45 mg/Le] FEE Hold Ut} YA dold UEE o] Lo gz
1ol B 11.16 mg/LE HolT $)ofl 14,24 mg/Le] TES Vel gy
Bl 2ol b3} oFzb we Sw 2 woln, was} wolel mel YEFo|2L
B Zashs Z¥E Holm r). Buxdge mz UEEIZ 5571 A7)0
11.34 mg/L, ¥7)olli= 15.47 mg/LE UEbuiTh €} 2|93} Xz 2 37} &
obgol mel UERoI2Y $x7t 24ye Holx Q). o]= URHEQl =i 3y
7199 BE8sfol] o2 LEFo| o] xslez SuHL A 2ol 4 E= 3
T ol o UEFo| LY w57 Rus} e H2ho] A EXste= A
o= & $7} ar}

@ HEK): FH2GY sioly BFo] 29 Ftare 7]olM B 5.59
mg/Le FEE Hol NEAAHL 412 ng/L, g3 A BRage 7}
7} 3.12 mg/L, 3.35 mg/LE UEhdc Lo SFAYG 7.20 mg/L, A%z
4.03mg/L, P52 3.38 mg/L, 12]1 552 ¥0] 3,13 mg/Le] S5 Ho|
UTh AFOILL HEY F FTHRACEE RQYUKo) utel JdFHog B
HFLE freol € 7 A3 EE s5H Ao o8 x5} ®ohd 47} gleny

kR

NS
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YUAO 2T 5 mg/l uinte] Zte spxm Qlry, TTAAE AY 7 2o &
w5 mg/lE WA dom HMubHog Ao wsy UFE Holn Ut} Fx
AHE BE AFolRY 557} 5 mg/l olate Uehta glen ol sj4o) o
¥ FBeZ 8 471 gk

Q@ ZE(Ca"): ZA7|Al BEAY x|5i2e ZEol2 BF STE 3.98 mg/L,
MEAI o] 111 mg/L, W1 0,65 mg/L, 723 SHAY0] 0.46 mg/LE U}
BZ glem, 27jofis Sxxoo] 2 48 mg/L, XMF2]H2 3 82mg/L 123
BYAA ERAAL 242 2 3ng/L, 2. 37mg/LS LERRITE BEAGL F e
2 Ao FEE 2~3ng/Le] WS Mo|m Rom Hubyog Aol ujssg
ke Holw oy

@ vavEMg"): ARE SR x)si2e) opaulgol 2 gake 7oy
BT 8.09 mg/Le] BEF Roln, Lo 10 07 mg/LE el g
ChE ZldEct 208 £2 g8 Uehid, o]a OlFEANE FEF sunT}
< TR OR A maugel o BA Ueg oz = 7t dlom, Ay

A5 5.08mg/l D23 GRAGN oo 7t 4.51mg/L, 3.74mg/LE U}
(R}

e

©]&( HCOs', SO0, C1°, NOy)

APl Z(HCOy ). A7)9} 970 EXz|ede) FEtol e glare w
32.982} 30.19 mg/L2 Bl NERHE 31,76, 30,75 mg/L, Pz
28.89, 28.75 mg/L, 121 BHz]e 2931 3317 mg/Le] $E&F Kol gl
th 7t Aol Ao gt Zle] ExE mo|m o, 370 wE x}o)
= AR Qs 2E & #7 Ak a8y 7 Aol FEatol o] gate 3

Aeholl A Az & sjoirtz ez A@x Tl Ro] Folste Aye Ro)

Mo M4

aoelch,
@ Bl 2(S0,7): Bato|2e] sje wymwEe) 3ol ofs) Zxfsin,
¢ AHAAL srol 3 Yo T wry} oy 7t Ao, 34
£ 2,700 mg/L(Z, 1998)o]c}. ZAlNSE S S8AY 15
B A7)0l B 16.59 mg/Le} 7)o 39 83 mg/Le] i
2|92 14,12, 34.87 mg/LE LEI 9lonm YRz e

o
>
i)
rlo
o
o of

X
—Hz
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7.15, 10.82 mg/L, 8]31 SH29L 851, 19 20 mg/LE Hol3 gt} Hxxy
ol 1E7} WAZ4E Bato|eg = FEZL VA3 Fobele e B 4} g
dl ols #Eo] &alEo] aleinos =i B3ts sxol9o] sj4e) o
3 Batol2o] 527} uo] w8 RHow 2 7} ch

Q@ Fol&(Cl'): TG w7 053.:0]—9« TP A7ols 33.64 mg/L,
F71el= 116.71 mg/LE Uehjoic). AF2] AL 22,07 mg/L2} 89. 36 mg/LE U}
Bhe, &2 12.15 me/L, 50.38 mg/LS ol glom, gy Huxo
AME daole =7t BF 13.43 me/Lo} 59 32 mg/LE UEltth Arjofs=
TR A dro]2e] ¥ A Urlyz Qo 53 ¥} yolhol u

B =] At A e 4o Ayl TXLR B 471 gich 4B =
TOEFAYS FEAGHT ge e HoldA, FRAGYE r}2 549
Heoli gtk Idu 9ol ERx|o g THE 2o E 2 @aole =

TF Eoli glon, ol Z¥x|odo] slo o3 BBl 3 g0l Ex
7t wolAle ol EF Ade oo Lol STt obd H B sjuog
Stofl Ralol gof o)dst Az Yy Zolet & 7} r}.

D AL N0y ) ATIA] BR Ao Fato]e UL BT 15.88 mg/L,
53.49 mg/LE Holm, MEz|de 3051 mg/Lo} 72 35 mg/Le] & RHoln g
th gRA el Aato]l 22 wx W 18 50 mg/L, 50.14 mg/LE RHolny,
SHAL 15,48 me/L, 33.28 mg/LE UpEyic). 4ol 22 e ol2 B
el MRzl A7let 27 BE six w4 BRI, O chgo] Wiay
S = UEIKITE o]ggt gale M¥zoe A sBAoAM iyt W4y vg
o AH8(F & 1999)2 £ . 27310 CERCENH wEHE ou4o} 24t
°l8T #71M Hul Sof LW YANELo) A B A7
&3to %1%4 BA ZtEHE RYe] Hogy Uiyt zoe = +71
TE ATt Al rga 7320 sy Z|8t4=7} =] u)
24 %a‘ I 752t &7 o] €oga Urpy Azteln =3y

&)

LU A IR
[0 2 op >
fu - mllﬂ
» o o
woE

®
O

N
M
32
o
)

2) Piper diagramof 2]3} TAEA
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(1) &2 (Eastern area)

Fig. 102 271t 7] o} AFE SR 2)2]8 2|52 ABES A8
Stof Fole} Folee $E8 Yo Batstod piper diagramo] TA|¥F A
ojtt. 7oA oFo] o] Na+K Hele] 2§ o]F glony, 2ol2 C1 Hej
S Holi itk E17t 52 AstfolH Zsele] 218 ¥& Boln Uy
A st As HERRIE S (NaCl) Hel2 Lpebyde).

Tl gl o] Nak e, Lol Cl HElE e} e FHxA}
EI7F Holx A AR hE 4% TS S5 5 HojHom rjEEo 2| 8t 7}
piper diagran ¢%Foo WAEol glon uletd $YLHPL nelahjes
(NaCl) Beh= vielxtch. 2A719F ©7)of piper diagrang 8t HFEE SHzo
o A3t FURY el vTAUEZ(NaCl) HelE Ul Rl
HAS W RI7F W2 2o xslgo s sjie] odarg uig ¥

7} et

i‘i
alo

2) A F=2](Western area)

Fig. 11& AHFE MF 2] 2]3}4+E piper diagrano] EAR Aoz A,
A710lA ol 22 Nask HEelE Bolm gt} golee FEfS} HCO; HElE
YA Holu gt} 7] uwfe MExHe TARFHol FNYeNZ Yeldon,
dntHel A7 2sl+2 B 4 Qr)

F71olMe] FURYL FolRo] Nark HENZ UEjon, gojee ClZel g

LESEEE Ml e SRalddel ws) TDS BT} 3, Eus) wo Ao o

Aoty TARELS FAWEHY $£AFY L Bolw Atk Ty sjexdos
ATH IS 27 A Folo] Mzl Cl YIS o1 QU HME Moz
Sth 23 B3t Wold4E F7¥ejolM ¥alyow ozog o] & 3h=

& el el
(3) ©¥2] 9 (Southern area)
Fig. 12= AF%= 22199 23t4 A5 o|eME e Erje st 2t
piper diagramo|th. ZA7]o A Fo]22 Natk HE)E Holz 9lom, Solee
HCO; Felet Cl FelE uehiz 9t +UREL ehhEgsy S EN,

21l HIRRIEE R el o 712] 2st4 f¥o] Urlhun, Eu7} oln
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F162(138m} ¢ >
933034 1m) h
9530 110(100m;) ® .
F160(83m)
F158(62 5m1
9330352(55m)
FO70(80m)
9630063(17m
9340262(8m)
9340848( 18m)
9340007(30m !
D258(92m)
F174(75m
9340520(25m!
F102(136m)
D328(108m;
9340100(135m)
9340074(135m)

<>

TIOTMMOOTPOONOUCAWN

973001 7(10m:!
963006311 7m
9530110157 5m)
9330352(58m)
F158i63m)
FO70(80m;}
F160(83m}
F162(138m,
9340262(6m)
9340848(6m )
9340520(32 Srm)
£174(75m)
D258(88m:
9340007(101 v
0328:108m)
9340074(135m1
F102(136m;

IOTMOOT>POINONEIWN =

Fig. 10. Piper diagram showing the chemical compositions of the

groundwater samples in the eastern area of Cheju Island(above:

dry season, below: rainy season).
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1 95401821 1m)
2 9340358(20m)
3 9640075(45m)

9640122(65m)
9340326(35m)
9640126(65m)
9640065(90m)
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954007 1(37m)
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~I0MMOOO>06NGTE
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F125015m)
9530036(42m
01200142m)
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9530091
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F136(140m)
9530028¢ 130m)

LTS

OBN<XE<CANDIOV02T
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9330256(83m))
9330259( 100
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-
3
§
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9340093 11m)
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9640126(31 5m)
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964012247 5m)
9540073(53m)
9330276(77m)
F287(B5m)
9640065(87m)
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934C195(2C3m1
012G 14m;
F125(15m;
D170(31m}
9530036(42m)
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953009117 1m)
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F1270147m)
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9330256(18m|
9330027129m)
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9330265i44m
F123(68m;
F144(68m1
97300 12{105m)
93302C9 * *Bm)
F1361140m:
2541 151m)
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a ~244:189m;

N<X$<CHNIDTOZEr X~ INTMOODPCONDCAWN ~

Fig. 11. Piper diagram showing the chemical compositions of

groundwater samples in the western area of Cheju Island(above:

dry season, below: rainy season).
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= A& A
71 o] RS 2|54 TARY L gol2o] Nak Hel, golee (]
3 BEh % HIRAEF(NaCl )Y Ef S Bol3
oith
(4) H%2] 9 (Northern area)
Fig. 13& 2712} 97 of A3 BExqo A|8t4~& piper diagramoll S A|%}

Zolch 7] wh fol &2 Nak Hefolm, o] HOO Belet FAYehE 2

ol ith J2ln E3r} gelu4+E gol2o] HOO, WENE o)2: Qo +
ARV ool F1Yele) AgAsie2 B + ar),

T AFE SRAS 25l £ARY S PolLo] Nak M, Lojee o
T BElE Roln orh Alelte £ARNE FaNele ~uswu st
AGOE A4R shtol GBS L MTBIUEF(NCl) Hee] 2spa AR
BLE vehta ot
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9320088 75|
93401641 150m)
Fiia

9520044
9320092(70m)
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9520044(54m;
F279162m)
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9340579(130m}
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9740113(36m}
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U 93202191103 8m)

L 1340020
V 9320583(122 2m: ! 3340886(53:::
W 9640025(123 5m m 934095932 5m)
X F114(135m: N 9340221(42 5m)
Y 9540262(150m} © 9340014(44 8m)
Z 9340372(166m) P 9540090(50m;
a 9320464(176m;) Q 9340871(54m)
b FO45(180m; r RO03(92m)
c Dz5118/my 8 9540086(110m!
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e 9320549(202m) u F271(136m)

t 9340399207,
Q@ 9320490(215m:
h 9320363(216m:
I 93200261260m)
i 95200081488m)

Fig. 12,

Piper diagram showing the chemical compositions of the

groundwater samples in the southern area of Cheju

Island(above: dry season, below: rainy season).,

- 49 -



—
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9310514(20m)
93 10462(30m)
F216(158m)
D317(188m)
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9310004(125m)
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9510059(50m)
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9330012(97m)
85300 16(30m)
F148(165m)
973004 1(182m)
9330220(23m)
F164(100m)
9330222(170m)
0232(195m)
973000 1(225m)
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93300 18(50m) Ko
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—_—
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9510052(10m V F210(195m)
9310514(20m) W F152(235m)
9310462(30m) X F153(288m)
9310037140m) Y 9630063(17m;
9310455(50m) Z 9330308(20m)
9510059(50m) a 9330220(23m)
9310611(57m) b FOOR(69m)
9310142(70m) ¢ 9330018(70m)
9310336(75m) d F164(100m)
9dsutaxiBOmM) e F169(115m)
DCa5(99m) 1 9330222(190m)
93163891100m; 0 0232(195m)
9310509(12m) h 9730001(254m)
9510036 118m)
9310004(127m)
F216(158m:;
D31 /(188m)
0D2180188m)
9310034(130m)
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9330012 1 00m)
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Fig. 13. Piper diagram showing the chemical compositions of the

groundwater samples in the northern area of Cheju

[sland(above: dry season, below: rainy season).
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3) %82 (Correlation analysis)z} L1+# A (Factor analysis)

(1) 5%

AFE FFAY Aots w0l F8L nAs 2L Yol st 4
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Table 15. Matrix of correlation coefficients for the groundwater samples
in the eastern area of Cheju Island

EC Na’ K Ca®  Mg“ HCO;* sof  cI” NO3  Elev- Dist-
ation ance
EC 1.000
Na’ .935 1.000
K .985  .911 1.000
Ca® .623 522 595 1.000
Mg*’ .991 918  .982 600 1.000

HCO3 .681 525 640 .866 .685 1.000

S04 1995 .946 .985 .590 .984 630 1.000

Ct 977,925  .962 534 964 .563 .979 1.000

NO; 657 567 .646 .519 .697 .554 615 656 1.000

Elev- -.775 -.677 -.739 -.343 -_813 -.467 -.758 -.794 -.706 1.000
ation

Dist- -.747 -.663 -.698 -.317 -.784 -.424 - 724 -.776 -.783 971 1.000

ance

Table 16. Factor matrix for the compositional variables of the groundwater
samples from the eastern area of Cheju Island

Rotated loading matrix

Variable Communality Fl F2
Distance . 858 -.924
Elevation .855 -.918
Cl” .939 . 880 . 407
Mg* .977 . 853 . 499
S04° . 941 .833 . 496
EC .968 .830 . 529
K . 926 .814 .514
Na’ . 826 . 801 .430
NO;” . 583 . 686
Ca” 911 .934
HCO; . 867 . 883
Eigenvalue 6.479 3.172
% of variation 58.902 28.833
Cummulative % 58. 902 87.736

* Factor loadings less than 0.400 are excluded,
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Table 17. Matrix of correlation coefficients for the groundwater samples
in the western area of Cheju Island

EC Na’ K’ Ca” Mg“ HCO; S04 Cl NO;* Elev- Dist-
ation ance
EC  1.000
Na' .824 1.000
K’ .618 641 1.000
Ca®’ .283 172 036 1.000
Mg* .484 524 379 -.061 1.000

HCO; 089 .262 -.056 .168 .098 1.000

S0, 740 709 482 -.027 458 .214 1.000

Cl 920 .830 .552 .213 .411 .087 727 1.000

NO; 899 694 615 -.026 .476 -.118 670 .818 1,000

Elev- -.539 -.553 -.360 205 -.182 -.250 -.759 -.518 - 523 1.000
ation

Dist- -.479 -.464 -.287 - 012 -.088 -.409 -.496 -.456 -.406 .774 1.000

ance

Table 18. Factor matrix for the compositional variables of the groundwater
samples from the western area of Cheju Island

Rotated loading matrix

Variable Communality = F 3
EC . 940 .935
c1” .855 . 900
Na’ . 828 . 895
NO3 . 857 . 863
S04 .772 . 859
Elevation .885 -.729 . 493
K’ .572 . 687
Distance .781 -. 625 .623
Mg*’ .394 .543
HCO3 .718 -.716 . 406
ca® . 886 .930
Eigenvalue 5.706 1.511 1.272
% of variation 51.874 13.735 11. 561
Cummulative % 51.874 65. 609 77.170

* Factor loadings less than 0.400 are excluded,
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Table 19. Matrix of correlation coefficients the groundwater samples in
the southern area of Cheju Island

EC Na’ K Ca” Mg HCOy SO¢ CI° NO; Elev- Dist-
ation ance

EC 1.000
Na’ .857 1.000
K .645 712 1.000

Ca“ 226 .086 .140 1.000

Mg 696 .713 .634 125 1.000

HCO; 125 . 414 415 -.124 .205 1.000

SO .650 .569 .617 -.049 418 .194 1.000

Cl .832 714 507 143 596 .001 .668 1.000

NO; 733 589 .318 002 .620 -.257 .314 .636 1.000

Elev- -.601 -.691 -.508 -.166 -.552 -.047 -.459 -.517 -.567 1.000
ation

Dist- -.630 -.607 -.470 -.166 -.475 -.119 -.427 - 549 -.456 . 711 1.000

ance

Table 20. Factor matrix for the compositional variables of the groundwater
samples from the southern area of Cheju Island

Rotated loading matrix

Variable Communal ity Fl = 3
EC .876 . 926
Cl” . 745 . 862
Na’ .870 . 857
NO3 . 844 .819 -.402
Mg’ . 637 .776
Elevation .628 -.770
Distance .570 -.717
S04 . 583 .679
K’ . 755 . 659 . 555
HCOj3 . 881 .934
ca® . 947 .967
Eigenvalue 5.620 1.619 1.098
% of variation 51.087 14.714 9.980
Cummulative % 51.087 65. 802 75.782

* Factor loadings less than 0.400 are excluded.
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Table 21.

Matrix of correlation coefficients for

the groundwater samples

in the northern area of Cheju Island

EC Na’ K Ca” Mg HCO; s0¢ i NO;" Elev- Dist-
ation ance
EC  1.000
Na' .913 1.000
K .690 798 1.000
Ca®  -.394 - 423 -.298 | 000
Mg* 630 .530 371 -.392 1.000
HCO; .608 772 683 -.086 .329 1. 000
S04 914 832 587 -.245 518 627 1.000
Cl .963 .869 .615 -.393 .631 610 .944 1.000
NO; .820 692 . 456 - 594 .603 280 .689 823 1.000
Elev-  -.727 -.699 - 494 .523 -.561 -.422 - 671 -.708 -.756 1.000
ation
Dist- -.752 -.716 -.529 481 -.614 - 482 -.673 -.724 -.745 950 1.000
ance

Table 22. Factor matrix for the compositional variables of the groundwater
samples from the northern area of Cheju Island

Rotated loading matrix

Variable Communal ity Fl F2
HCO3 .812 . 901
. Na’ .923 . 842 . 462
K .678 .793
S04 .824 . 787 . 452
EC .924 .757 .592
Cl” . 894 .736 .594
NO; .845 . 844
Ca“ .632 -. 424 -.794
Distance .797 -. 477 -.785
Elevation .796 -.755
Mg® .539 . 658
Eigenvalue 4,532 4,130
% of variation 41,201 37.549
Cumnulative % 41.201 78.749

* Factor loadings less than 0.400 are excluded.

_56_



UOl2IE 0.7729) H]2Y £ HVHES Ho|n AT Aito]2 e @daojex
0.823°) w2 JAUAE Holm gt} poamye AAIRY Azt gelo] 2747}
FEHA 29 o= Zehole, UHEEOlL, ZEolL, Habole, AyA
T, B4l galog Urhug o] 23lo) sy ABEAY £ g 2

o G 41%l3L, ol TS Yo Uehy 4} Atk 22l 200 Aatol L,
dgolL, nja Lﬂﬁ-oli E9} sfietudzte) Azlg Ueldtt aatoles Qe
32 4 XS AASH, E39} sjoruzte] Ag Ty Eyog =
T7h olrh 8l 20 ol3) MWY 4 Qi Hate ore 37%0|T}.

_57_



V. A&

HAFE Aol £23 xst+ By 108< chgez A719 27] 2810) 1
THEME Mt 259l 2|00 HE UL ARE yesw T2}
Yrt.

I AF= 28t 20 48} oo 3 50mold} xjol el =) sp47) cHE
ARt EZEY Yako] 1 LRI glch Jel3 9716497} 7] djEct
W gFol2y ypEuE nonp et ol #9A xEAe 2HEHo]
232 fd™ Azbel wheiglo] A

ZoEW A FURYLS PrlolE Fol Lol NaK HelE oj2m 9o
o BOIEE B3 50 wolsh Meolu CI' W, 51~100 m xAL Hooy Bepsl
BY Ol ¥El 22 ohg 101 nolge] Aelolt Ko, Relg ehga o)
SRl ol gl ee Ntk Hel Zole8 O Welg wolw o

3. 8AEN Az} 50 most 2oy £elo] 3747} &0] Holom pa
= W By el 2k 4ty =a 22 32 A91H 2@dBUR Yelyry,
FIL51~100 m A HollA= 0l 12 DS et £ 2& FAYY 54, 0ql

1 0 m
32 l9lM 2dB8Y, E-wMY guvgoz Uriug w100 wo] 4 2]
O I TS WY AN 2B 89 25 B-uMe) s o
2l 29 32 2%y Bygoz B 25 o

LATE AN Aste £ s9e Ko oo Qoo 7 A =
tak BENE Holm, Aol golee S¥A @} Mux o] o1 gy u
IS HCO Bel, 221w SRAee Hoo, Welot 4% o Wejg wolw o

Il gol2e ol CI' el wolm ar)

S. 2ATLAME B AAdYW $UEHS Mmno FTAGLZ 24 10 4o
[o]

A% B%, 29 2= B-UAe gyuigos UEIHTE ARxge gol o

_58_



TDS

[«

—

[ 1

]

.

2 o

1= =]
T2 5P uehyrt

i, =5

32 Aol o2 eyt

|

1

Qo

A 9%,

LdE

13

QA

)
N

-~ —

2 Letyich

o

S —=

o)

o

U,

_59_



VI ¥u+3

Brunet, R.C., K.B. Astin, 1999, Spatio-temporal variation in some
physical and chemical parameters over a 25year period in the
catchment of the river Adour, J. Hydrology, 220, 209~221.

HEE BARAIEAY, 1999, AHZ%.

HFE, 1997, AFE FabA o 23424}, pp.69~74.

T 29Y7], 1989, AFE Asl4o) AL, 2ty a], 25(3)

230~238.

e 1990, AFE £ BN £00@d AF(M), Hurad, pp. 1~
57.

e 1992, AFE HAUES] A -T2 QU 4xjgde] =a 2| A F 33 =],
2(1), 70~91.

David, R., G. Pyne, 1995 Groundwater recharge and wells, Lewis

Publishers, pp.169~183.

Evans, C.D., T.D. Davies, P.J. Wigington Jr.- , M. Tranter, W A. Kretser,
1996, Use of factor analysis to investigate processes controlling
the chemical composition of four streams in the Adirondack
Mountains, New York, J. Hydrology, 185, 297~316.

8, 1998, AstBRE3} 2¢d, wtad Al pp. 512~538.

WY 199, AFE st xjde] B HTo] B AR, Y x|

30(3), 325~340.
Holaw, F., R. Dutter, 1999, Geostatistical study of precipitation series

3}

in Austria: time and space, J. Hydrology, 219, 70~82.

Hounslow, W., 1995, Water Quality Data, Lewis Publishers, pp.82~102.

o, 1996, HAMdAAT 2@W sl o@e] U AL, HZcjarm
A ALkl =&, 88pp.

Join, Jcan-Lambert., Jean Coudray, Kevin Longworth, 1997, Using principal
components analysis and Na/Cl ratios to trace groundwater
circulation in a volcanic island: the example of Reunion, J.
Hydrology, 190, 1~18.

A, olAE, 23, 1998, BHSAY, B31714, pp.34~42,

Brhed, 1994, AbE|EAsE, wAbqT} pp 637 ~693.

48, o172, 1998, Tl Xl xojde) 4ejx 7Y} W BAE UL =

-60_



8 AT RSB )R], 5(4), 177~192.

BB, oA, Z2-L, AEE, 1999, oAz wjo SAZY 9 A28
YELZXL SPSS, FRESA}, pp. 311 ~322.

BBE, 1998, AFE FEA A 2]} Ao o| B, AR
CHEFSL A Aletel =8 pp.14~16.

A71%, AEA, 1997, thHa B4 xpg w4, ZFol7tulu], pp.166~180.

LAY, 2000, AFE FHAA x]5}142] @23} B A7, AT o
ALet9]=& pp.4~18.

A1, 1997, ARE ABHe HEENI NYESe] 2B Aty oI, 9
Ateheta whalelel =8 pp. 15~18.

LE, 1998, A4 43U D @ ZEDo] VY A7, dyriatm wajs
=% pp. 73~77.

BHY, 1993, AFE 208 2MLAYSEAR T4

WEF, o, 1997, Habde) x| 1Ee)ety g BB 54 vz
AT} SeolA e, =] 723t ], 18(3), 217~237.

ol&F, A 1999, AFET x|slo) B4 Wl np= TFHA5Y, ¥IFE
CHEE FAYLUEY, 48~49.

°l&F. 2000, AFE XS+ AUD} Q@Y YRLEHA 328,

olJUE, oY, ZFH, 1997 thFA| 2|sp4e] o] tyz 2|43y o,
AL AR A E =] 30(4), 327 ~340.

°lF2, MEIH, VL&Y, 1997, Fu AUAY ARz w4 2|33ty 5
8, R EBA U], 4(4), 199~211,

°lF-E, Hm™, ALE, 1997, th42 XA @ o mE Ty 2| 3h4=2] 2]
THHA 5X - B x)sl4ete] vlad, thibxsianzisty
2], 4(4), 212~222,

Lihua Xiong, Shenglian Guo, 1999, A two-parameter monthly water balance
model and its application, J. Hydrology, 216, 111~123.

Long, A.J., R.G. Derickson, 1999, Linear systems analysis in a Karst
aquifer, J. Hydrology, 219, 206~217.

Marcus Laaksoharju, Christina Skarman, Erik Skarman, 1999, Multivariate
mixing and mass balance(M3) Calculations, a new tool for decoding
hydrogeochemical information, Applied Geochemistry, 14, 861 ~871.

Michael Manga, 1999, On the timescales characterizing groundwater

discharge at springs, J. Hydrology, 219, 56~69.

_61_



Molent, J., P.Davy, C. Gascuel -Odoux, P. Durand, 1999, Study of three
subsurface hydrologic systems based on spectral and analysis of
time series, J. Hydrology, 222, 152~164.

Ochsenkuhn, K. M., J. Kontoyannakos, M. Ochsenkuhn-Petropulu, 1997, A new
approach to a hydrochemical study of groundwater flow, J.
Hydrology, 194, 64~75.

LUl 2AY, AAeL Zey, 94, Zez, 2

ok

& 238, 1995,
TEW HEY +A2, AXERARAAZUE, 6, pp.81~99
WA, Ol8F, 1997, F-5 AR Lo slEAUT gt A+, oyt

At YA, 4(1), 5~13,

BT, 1996, AFE gM4o]l fak wizlel fazjatay B AHFoiEta
AL =E, pp. 73~75,

T 1996, felutel NSt shsar 28, oy sanAsty R 4(4)
15~20.

Pionke, H.B., W.J. Gburek. R.R. Schnabel, A.N. Sharpley, G.F. Elwinger,
1999, Seasonal flow, nutrient concentrations and loading pattern
in stream flow draining an agricultural hill-land watershed,
J. Hydrology, 220, 62~173.

Reijnders, H.F.R., G. van Drecht, H.F. Prins, L.J.M. Boumans, 1998 The
quality of the groundwater in the Netherlands, J.
Hydrology, 207, 179~188.

Ruan, H., T.H. Illangasekare, 1999, Estimation of relative hydraulic
conductivity of sandy soils based on a sheet flow model, J.
Hydrology, 219, 83~93.

MG, A 1997, QREAR stA4e 2By B cfsix s}
THRZYE ], 4(3), 130~143.

Soki Yamamoto, 1997, Z|3}4 ZaAPY, =374 pp. 602 ~611.

T, REA 1998, AF Ad4o] BHAFUL WP} oA Ly s
2 BA, Asted HARAATLE, AF BRAATL TAYSA TR

_62_



&, pp.83~110.

Stanislaw Weglarczyk, 1998, The interdependence and applicability of some
statistical quality measures for hydrological models, J. Hydrology,
206, 98~103.

Stigter, T.Y., S.P.J. van Ooijen, V.E.A. Post, C.A.J. Appelo, 1998, A
hydrogeological and hydrochemical explanation of the groundwater
composition under irrigated land in a Medi terranean environment,
Algarve, Portugal, J. Hydrology, 208, 262~279.

Tomas Thierfelder, 1999, The role of catchment hydrology in the
characterization of water quality in glacial/boreal lakes, J.
Hydrology, 216, 1~16.

Vekerdy, Z., A.M.J. Meijerink, 1998, Statistical and analytical study of
the propagation of flood-induced groundwater rise in an alluvial
aquifer, J. Hydrology, 205, 112~125.

Verdin, K.L., J.P. Verdin, 1999, A topological system for delineation and
codification of the Earth’s river basins, J. Hydrology, 218, 1~12.

dEld, B9, 1998, TZ SPSS BAZAL BM 33 WBAI. pp. 362~370

FA, 271, wtdul, 1994, AFE MITZ AFET Mejo} xsja
582 VA, AFohua $AU9A0 73 ASATAA, pp.97~132,

-63..



Fahe) 2

5 24y 1oz wwqq 290 259 £34 A4y
FEH A 282 249Y PR 2494 29452 APy =
T UARY FP WL l2YE FHY A2 2349, HUF mag
VNE DAY, 22Y BAYAE UL AA4E £y,

AU ARIL Fag 5% A FHY YR MYy, 9
Y, FUR AU, VNS AU, B4 A, 33 44
9 kg E A, HAYRE HANE G £58 FNa o)
TFT NS P2 YWY A, UAAY EQ H IS o)
Y AW, F3Y, B09, 283 YA o FL R
AR LRSS 280 oA B+ H2F A3F NBae ww,

43, B2, B 0%, 3F, 99, 29 UYSANE 2 Yag o
Aahe Adg Yo 2okgE PPy o

YUY UUEL U ESE 339 294, ANY 9990 e
293, gol 4YE W 53U A9, 44, 90 IHED 32
YE chga 295300 ¥, S4, 93, 49 I SN E s
+ Ay,

A% obla 243 399 493 AE NYFHD 42y YYoz
oF A 1A I BHFA vy o] zauly FAL vy
o,

b

12,



	표제면
	목차
	List of Figures
	List of Tables
	Summary
	I. 서론
	II. 지역특성 및 이론적 고찰
	1. 지형 및 지질특성
	2. 수리 및 수문특성
	3. 이론적 고찰

	III. 연구방법
	1. 시료채취 및 분석
	2. 고도 및 지역 구분방법
	3. 해석방법

	IV. 결과 및 고찰
	1. 고도별 수질특성
	2. 서귀포층의 분포상태에 따른 지역별 수질특성

	V. 결론
	VI. 참고문헌

