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Summary

The purpose of this study is to understand the high saline water phenomenon of
Handong-r1 area in the eastern coast of Jeju Island, were investigate the tidal
effect of groundwater level, variation of electric conductivity and temperature,
geological logging on the monitoring wells, chemical water quality, and ratios of
oxygen isotope of groundwater and seawater.

According to the results of geological logging on the monitoring wells,
Geological structure of below the groundwater table consist of sandy layer, the
hyaloclastites in forms of fragments and rubbles. They have stratums of the high
porosity and good permeability that can act as aquifer layer. Hyaloclastites thicken
more and more from inland to coast, so it expected that saline water flow easily
into inland.

The tidal effect of HM1, 2 well are 043 and 0.23 respectively. Time lags are
56min and 102min respectively. The groundwater level of HM3 well, 5.1km
distanced from coast, is little effected by the tide, but it find that daily variation
of EC by tidal effect. Therefore HMS3 is received effect by tide

It is monitored the hourly fluctuation of groundwater level from December 2000
to March 2002 at HL well distanced about 2.2km from coast. The maximum
amplitude of groundwater level is 0.68m a day and difference of level by
precipitation is 0.74m for monitoring period. Therefore variation of water level
received effect by precipitation and tide.

Major ion and oxygen isotopic composition in lower layer of HMI1, 2 well are
similar to saline water and upper layer of HM3 well have little mixing with saline
water. And major ion and oxygen isotopic composition at upper layer of HMI1, 2

well are similar to the saline water, it represent the groundwater body by simple

_iv_



mix freshwater with saline water.

Results of EC and temperature geophysical logging represented that all the wells
have a interface zone of freshwater and saline water. Depth of the interface zone
is less than Ghyben-Herzberg’'s principle. The thickness of interface zone is only
several meters at HM1, 3 well. But, EC increase stepwise at interface zone of HM
2 well, it showed that interface was developed by steps since stratums with good
permeability was distributed with multi-steps both above and below interface zone.

Results in investigating variation of interface zone of freshwater and saline
water represented that the hyaloclastites formed at below groundwater table is
developing toward the coast; this area consisted of stratum of good permeability.
Hyaloclastites is presumed the main path of the high salinity water. There are a
lot of movement by the tide at upper layer. Salinity of lower layer spreads to
upper up step in proportion to tidal energy.

Because of hydrogeological characteristics, Interface zone of freshwater and
saline water is made, High salinity of groundwater occur in east coastal area of
Jeju Island. Therefore, I think that high saline groundwater phenomenon is natural

condition by simple mixing.
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Table 1. Description of monitoring well in study area.

Well name Elevation Depth Distance from coast Remarks
(m) (m) (km)
HM1 14 175 0.8 Handong 1
monitoring well
HM2 44 202 2.3 Handong 2
monitoring well
HL 448 150 23 Handong long term
monitoring well
HMS3 114 262 5.1 Handong 3
monitoring well
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Fig. 2. Location map of the monitoring well and spring in study area.

A-A’ : Cross section line.
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Fig. 3. Digital topographic map in study area.
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3 gEFe FEF S 932 v
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DA wEt 29 v Florida® Miameodl A= 50ft 7 (Kohout, 1960), &%

Ze doldl WellAe] 5 wjize] @] FA7F A AF A 8l oste] W

27 st As @t vt E3E AHeldivt
23e AYAA WEFHoE A 8HA A vh(Stringfield and LeGend, 1996; Cotecchia
and others, 1974).
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2. Piper diagram &1% 7%
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Sea water
x 0.1

Sea water
x 0.1
o

(X =
)

Sea water
q
v,
copiy

Fig. 5. Piper diagram of chemical composition of coastal saline water.
Regional sea water intrusion is characterizes by ion exchange(al) and

mixing(a2), whereas local mixing of intruded seawater with fresh water
along boreholes is characterized by simple mixing(b)(Richter and Kreitler,

1993).
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AAAANA EA S A AT A EA (%) Table 29 2t

(Hoefs, 1980). Atz FolA tAS A2 EAlFe] 71 B 09t ¥og dst

a1 H(P0/f0)E A EY DA AT ol &t glon,  sBoZ FmEsT

Table 2. The rate of the oxygen isotopic composition(Hoefs, 1980).

Isotopic 160y 170 180
Oxygen .
xistent
volume(%) 99.763 0.0375 0.1095
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1934; Epstein and Mayeda, 1953; Fredman, 1953; Dansgaard, 1953; Craig, Boato

and White, 1956).
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4. Ghyben-Herzberg ¥ 2]

4284 71d (Hydrostatic concept)

W. Badon Ghyben(1988) #} A. Herzberg(1901)= H]<=3F Al7]o] A Goll A F

FARE 5z Wel] AdeAsEad B3PS FA5%n gov, T3 95
2 A@stn Qee WA

AGE AsFAT QU AGelN Fae AR FEshe] Aol ARl
pEen Asrs AsAon dter fEuth dew 995 kel Bl
sl ol=Awe] oloA Heltht FAH o]F FAR F5s A5k trlolA
Ve

Water table
—————————— L wst
Ocean Fresh water, density Pf

Interface

1

Saline water, density Ps

Fig. 6. Fresh water lens an oceanic island under natural conditions(Todd, D.K, 1923).
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Ghyben(1888)#} Herzberg(1901):= AUsfx| Gl A Hob sl AAES tpS3p 2
o] YER ST

psghs: pfg( hs+ hf)

hsz p_ hf
Oy Oy
B, = Bl waet okl AAW A9 ol

_/':
B, = BitsFRelA AssE 74 ol

o, = T 2=
pf = T1;:1—4:‘04 UE]E
0. = 1025 g/, p. = 1000 g/cmie} 5
Jig = 40 Jup e 1)

z7] dTeld= o Al et FAZE XA = A tH(Hubberr, 1940). 3 F+=

g5 7R AsgHe wae F9HH, ek ZAHAAME o] BAXL HF
Aol wES 93 Al=W(seepage face)S FAS7] $15te] Yol okwt ot A4

(
O

= AL 359 (o flow)E u]sx|nt, AAo Qlo] sfotA &
PN
T

Kohout(1960)+= vl = Florida 3li¢tell Al st A 7ztwpako s 397019 #S5+S A
2ste] DdE-dlA] AAHRE FAEG T o] AFoAE AR E UrE zZteE o

Fof dlrE vy diol sl WEE Hol= dold(transition zone)7t FAE =
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At (Fetter, 1988). &85t

JO('

d-alaA FAE A7 WAt
ZA A (no flow boundary)2l#|, &&
detol = FF AFFHAR FAFIA
A 2] = & drF Fudee 4
SR

AW FAE B4 2 gdolE ol2g

R

m g
satol o
595

o2 ATE7| = 39 tHBredehoeft & Inder, 1973; Segol et al.,, 1975).
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Al s, ojuldk Wrsxokgs ihehbula: WA ES shabAI A AL (voleanic
debris-avalanche)it &A1 Aoltl(Yoon et al, 2001). &% %ol QHI %ol 34

¥l oGriizo] par s Aol A oA gy s gt R vF WA Fofiiiz Bloi oy

2 0 2 4 Kilometers

[1Sand
Jll Cindercone

[ |APB

Fig. 7. Geologic map of the north-eastern area in Jeju Island(ADC, 1971).
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AFAT AAE A ALE 3R] AFFAN 2EE FA mokcore)st A5

D AFEE A4

(1) g&153(HM1)

ke

NFEFE BATT T35 dde] 3 140m A - FHE HAE Lo
M ow, 7HE 77k st o= RE = oF 0.8km "ol A 9L, A3t 175m(3E]
T 71F -161.0m)7HA] =2 E A

A 3t 82.0m(EL. -68.0m)7HA &= A x| A Yel}r] AlstsE A nEAd
FAS 55t A EA dF 9 olivine basalt) Al€ el &9 (eruption unit) & A%
Hol lom, Zk BEdee] Aloldl= w4 EE dAVIdeRr dddE HEA HA
ol dAE] vk A ®sk 82.0mel A A 3Esk 151.0m(EL. -137.0m)7HA = 212 4
Agrol yeby™, A&k 151.0mell A =2 HFA = A xEst 175.0m(EL. -161.0m) 7k

Ae mad WA Eud el fA44 HA S0l 3t (appendix 1).

i

(2) 35235 F(HM2)
B NNFFE BAFE 7H35 358 Fi 430m A Gl AFHFE AAE BHow
AEERA e, 7HE Tk st e®
1 71E -159.0m)7FA = ZHE AT
Z13238F 161.0m(EL. -118.0m)7HA & 3] A1 @ F < (augite basalt)?} A AT AlE
el Apolell= 4 EE 3
d71dow AdEE A HAFl dAE dvk AFEE 161.0molA =& HF

BEE oF 29km "ol A, A X3 202m(3)

lo,
rﬂ

EZd9 (eruption unit)® A&F ] oy, 4 E=
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AEQl A 3EsE 202.0m(EL. -159.0m)7HA &= w4 W %]

M\
fd
i)
o2
fuj
1o
i3
e
oX,
s
a2
ol
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Fig. 9. Variation water level and EC in each well and tide at coastal sea.

_29_



AFEE WEAWHT Z5FFo] 600mmold BE thSAdoln, EAX Yo A
Aok Ao o8] et FE WMESL At Aow dHA Ariarde 3
9, 1992; 3171909l 591, 1992; 17119 791, 1993; 3719l 291, 1994; uriuje] 291,
1994; 27199 291, 1995). B3k 2FIu)(1993)9F 1719(1997)2 A at¢ WEadS
FeAME R 2AANE 2 sFPer s o, w909 HE~

A == )=] = [e] 3 H 2 5
XA THY, 8 9 FERAYS 2P R EFel )

)
o
)
(o
fru
J
—
>,
)
i
rir
3
[\
>,
~
lo
re
4
i
AN
2
lo
r
e
X
N
o
rE

Godin(1966) 14]

23 2
x,= S OEFD  (i_193 . 48)

=) 24
23 . @
v,— 3 XD e T B s



Precipitation(mm) Water Level(m)
400 4.0
Precipitation by a nonth at Jochun  —— HL_raw
— HL_filted — Precipitation by a day at Jochun
300

0 Ol i |..M p\“ MW"I 3s
“ L ..muumwm MM \\WM\WH\ iy Wi

3.0

u ‘mhl\u
i hMﬂ”'hﬁ \h\ il il ."'“""i
| VWWWUW HMMH“ |.HWVH'|W\|H " ‘

1

2.5

0
o 9 «d «d 9O 494 «d +d o9 @ +d 49 @ 4q «H€ N o «
1311 Y yudo=doiyt § L 1L
o/ Al > b 1l L <
8 8 & 2 <« §iRlIsuzsagrgliie 8 8 & =2
Date(month-yy)

Fig. 10. Variation water level of the HL well and precipitation.

_31_



351, 2, 35T AR AFHE FSHY sEHE UFo AsE AFsded
g3 2o 3E1E TS A FE3 30m, 100melA ASska, HE25olMds ol
=0l WA JeElY A E3SF 50m, 90m, 130molA 3R oy, AdFE3zFAAE AR
3 160m 210mel A AFske] FooleyR B HAAFFEANL 2AVE 2 &9
o},

1) F8ol24d % &4

ShEl, 2, 353 A dldol A A ARE AFERASTH AT L 23t
Fo ol el sty EAe A3E Table 49 YERH AT
Table 4. Chemical composition of groundwater in the monitoring wells.

(mg/1)
D(enplgh NO*N| I | sof |HCOY| K| Na' | Mg¥ | ca
30 6.43 348.46 55.19| 74.05| 1055 184.79 26.10 18.26
HM1
100 0.90 [18,827.70 | 2,511.30 | 153.40 | 314.12 | 9,272.55 | 1,145.23 | 376.80
50 4.60 98.35 1748 | 52.11 3.09 54.55 10.56 8.45
HM2 | 90 1.80112,106.81 | 1,896.54 | 137.13 | 208.9316,491.75| 742.31| 264.10
130 1.90|18,962.36 | 3,049.64 | 178.27 | 337.7319,967.40 | 1,107.58 | 384.70
160 1.03 25.34 475 49.37 1.84 15.27 4.37 5.17
HM3
210 1.50(13,690.34 | 1,942.87 | 61.71| 124.71 |6,369.60 | 952.55|1,287.10
Sea water 1.80120,730.19 | 3,161.48 | 171.41 | 350.78 19,905.80 | 1,142.64| 386.20
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Fig. 11. Piper diagram of chemical composition of the study area.
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Table 5. Result of oxygen stable isotopes compositions in each well and coastal sea.

HM1_ { HM1_| HM2_ | HM2Z_ | HM2_ | HM3_ | HM3_ Sea
30 100 50 90 130 160 210 water

sB0
(%)

-6.66050(0.06375 [-6.81125|-2.50625|-0.07500|-7.01275| -1.72725| 0.07275

ratio of

saline-water | 497 | 9987 | 2.84 67.84 | 97.92 0.00 7417 | 100.00
for 8180 (%)

ratio of

saline-water 1.96 90.64 0.45 53.84 | 88.974 0.00 67.62 100.00
for EC (%)

Table 5% 3ds3&3e AHFY Aot dl4E wWATAZ st 2(Q2)d <3

Arbe Aafoltt, dEl, 250 FTFolM= 42 497%9 2.84%°] sFHl&S B

1, 2539 A=XE= 27 9987%9 97.92% = a|4¢ A9 FAE
40 &-0] 67.62%= 51, 25 Fo H|s}
2

5% gl sobdm e
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FFig. 15. EC, temperature Logging data and geological profile at HN1 well
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Fig. 19. Variation of EC by depth and time from HMI1 well.
Note is depth(B.G.L., m) and parenthesized phrase is average of EC(ms/cm).
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Fig. 20. Variation of EC by depth and time from HM2 well.
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Aol JA = JtHTable 6). )= sl FoAME F - A5 AAE shFolA I
Ao F7He] Bo] G5t G-Hol#9 54 W XAz 7 A0S
7HAH UZF9 SdA %7 slictAg el vlste] Foidoz Z1e oA FAFZHOZA
Qo] frEol Folay] MEow HAH,
Table 6. Depth of interface zone in study area.
Water cr ' the Depth | the Depth
level Layer Consistenc Temp. | Density by by
Y 1 (o) (g/1)  |Theoretical| Observed
(El. m) (g/kg)
(m) (m)
upper(30m) 0.348 16.17 | 0.999473
HM1 1.3 53.6 40
lower(100m) 18.828 17.89 | 1.023703
upper(50m) 0.098 16.05 | 0.999155
HM2 | 3.65 147.3 34
lower(130m) 18.962 17.80 | 1.023912
upper(160m) 0.025 1550 | 0.999145
HM3| 38 208.8 68
lower(210m) 13.690 16.30 | 1.017333
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FE1A T ADFAE
Locality 33°32 71767/ 126°46 " 241"
elevation 14.0m well name HM1
depth 175.0m logger Cha-yeon Jung
depth | thickness eologic profile rock name occurences
(m) (m) geologie p
55 | QOO0
55 . . .
05 consists of fiver flow units
6.0 OO0 thickness of flow units : 0.5-5.5m
23 | OO0 OB reddish gray to dark gray
8.3 vesicular
37 | OO0 acicular plagioclass, olivine phenocrysts
12.0
38 18 | OOOOOOO
15-0 1.2 M sediment |yellowish gray mud, weathered boulder-bearing
6.0 | OOOOOOOS OB upper part : very vesicular
21.0
25 i sediment  |unconsolidated, fine to medium sand
235 ,
medium-to dark gray
570 35 COCOOLOG OB olivine(0.5-3mm in diameter) rich
: | unconsolidated, shell fragment-bearing
10| MY | sediment  |inconsolidated, shel b
28.0
54 | SOOOOOO0
334 consists of three flow units
6.2 | OO OB thickness of flow units : 1.3-6.2m
396 vesicular
' 1.3 | OOOOOOO0
40.9 ) shell fragment-bearing, dark gray
07 | WY | sediment  |ShEl MAGmont beant
416
79 OOOOOOOS OB consists of several flow units,
: OO vesicular, fractured
495 o dark gray, consists of glassy to
8.0 hyaloclastites |aphanitic fragments, contains fractured
1 T T angular rubbles of isolated pillows
575
50 | OSOOOOOOO0
62.5 consists of three flow units
3.2 QOO OB vesicular
65.7
670 1.3 | OO0
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depth | thickness . .
(m) m geologic profile rock name occurences
unconsolidated
3.0 i sediments  |upper part : consists of reddish fractured fragments
20.0 lower part : weathered boulder-bearing mud
1.0 | SOOOOOO0
71.0 10| OO consists of four flow units
720 upper two ﬂowlunitsOI ractured
: OB : very vesicular and fracture
50 OO reddish gray to dark gray
77.0 acicular plagioclass, olivine phenocrysts
50 | OO0
82.0
L o
L 1
L o
dark gray
A consists of glassy to aphanitic fragments of
69.0 01 mn | hyaloclastites [acF-OB
NEEEENE contains fractured angular rubbles of
isolated pillows
L
L
L o
151.0 o
unconsolidate
25 s sediments |consists of well rounded granitic, dacitic and
Vi basaliic boulders(3~20om in diametor)
1535 asaltic boulders cm in diameter
unconsolidated, light gray
Vi well matured
125 | I | sediments —[20EnS shell fragments(oyster)
ining—upward
Vi upper part : silt
lower part : sand
166.0
Vi greenish light gray silt
9.0 I | sediments  |unconsolidated to semiunconsolidated
Vi foul smell slightly
175.0
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2. AT AAFHE
Locality 33°31 72967/ 126°48 " 59.6 7
elevation 44.0m well name HM2

depth 202.0m logger Cha-yeon Jung
depth | thickness ) )
geologic profile rock name occurences
(m) (m)
2.0 i sediments  |dark gray silt
2.0
55 VVVVVVVV AB vesicular, fractured
75
0.5 i sediments  |unconsolidated, yellowish gray mud
8.0
50 | QOO0
13.0 OB consists of two flow units, vesicular
20 | OOOOOOOO
15.0
1.0 i sediments  |unconsolidated, reddish mud
160 g | OOO0TTTT
21.5 . QOUGOOOO consists of three flow units
20 15 | QOO0 OB dark gray, vesicular ’
30 | SO0
26.0 : unconsolidated, yellowish mud
Lo |15 | iy | sedments |oineeq b otier-bearing
45 | SOOOOOO0
32.0
35 | OOOOOOOO
355
28 | OOOOOOOO
38.3 ) )
) consists of seven flow units
12 QOO thickness of flow units : 1.2-9.0m
39.5 OB redc_nlisrlw gray to dark gray
vesicular
oo 75 OOOOOOOS acicular plagioclass
6.0 | OOOOOOOO
53.0
9.0 | SOOOOOOO
020 lidated ists of vesicul
: unconsolidated, consists of vesicular
» 55 | MM | - sediments  [FRCONSIGaq, ORSS
S0 | 85 | 0O0OOOOG | 0B |vesicular
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depth | thickness ) )
(m) m) geologic profile rock name occurences
95 | I I 11111 | hyaloclasttes [GSiSte ©f glassy to aphanitic rubbles of
80.5
50 | GOOOOOOC consists of two flow units
85.5 OB lower unit : reddish vesicular fragments
65 <><><><><><><><> and rubbles
92.0
OO
21.0 | SO0
OO
113.0
1140 | 10 | COOOOOOO
20 OO oB consists of four flow units
116.0 lower two three units : very fractured
OO
330 OO
T QOO0
OO
149.0 37 ///////////////////////////// di UnCOﬂSO"dated, greenish ||ght gray mud to sand
1507 ) sediments shell fragment-bearing
83 | SOOI OB fractured
161.0
3.0 W sediments  |unconsolidated, greenish light gray mud
164.0
150 i sediments unconsolidated, light gray sand
' I well matured, contains shell fragments
179.0 -~
10 [ | SIS consolidated
180.0 hyaloclastites
i
///////////////////////////// unconsolidated to semiconsolidated
22.0 sediments  |greenish light gray, silty mud
I contains rounded basaltic pebbles
i
202.0
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3. HE3A T ARFAE
Locality 33°30 " 19.5 7/ 126°47 ~ 4957
elevation 114.0m Well name HM3

depth 262.0m logger Cha-yeon Jung
depth | thickness ) '
(m) m) geologic profile rock name occurences
1.3 EEEEBEEE scoria reddish
1.3
VVVVVVVV
22.7 AB vesicular to massive
VVVVVVVV
240 . unconsolidated, reddish mud
e | 25| M| sedments |\ M iser-bearing
302 3.7 VVVVVVVV AB light to dark gray
' 1.8 i sediments  |unconsolidated, reddish mud
32.0
w55 35 | OO0
36'0 0.5 | OO
20 | QOO0
38.0
25 | QOO0
40.5
25 | QOO0
43.0
1.0 | SO0 , . .
440 consists of nineteen flow units
3.0 OO thickness of flow units : 0.5-9m
47.0 reddish gray to dark gray
510 4.2 OOOOOE OB acicular to lathlike plagioclase
: olivine phenocrysts
546 34 patalatatela%e% upper part of a flow unit
' 3.8 OO : very vesicular
58.4
36 | OO0
62.0
20 | QOO0
64.0
65.0 1.0 | OO0
' 4.0 | OO0
62-8 30 | OOOOOOO0
72.
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depth |[thickness ) !
geologic profiles rock name occurences
(m) (m)
6.0 | OOOOOOOE
78.0
66 | OOOOOOOO
84.6
24 | OO0
87.0 OB
25 | OO0
89.5
75 | OO0
97.0
085 15 g sediments  |reddish mud
102'0 35 VVVVVVVYV AB large vesicles
103'0 1.0 g sediments  |reddish mud
1 06'0 30 | SO0 OB vesicular
1 08-0 2.0 I sediments  |unconsolidated, vesicular rubbles and mud
1110 3.0 VVVVVVVV AB large vesicles
1120 1.0 Ve sediments  |reddish to yellowish gray mud
55 VVVVVVYVYVY
1175 AB consists of two flow units
9.0 1.5 VVVVVYVVV
121'0 2.0 Vi sediments  |unconsolidated, vesicular rubbles and mud
6.0 OO OB large vesicles
27.
13:2 4.0 Wi sediments  |consists of reddish fragments
133'0 2.0 i reddish mud
45 OO OB medium gray
137.5
2.0 i sediments  |reddish to yellowish gray mud
139.5
95 OO OB medium gray
149.0
7.0 VVVVVVVV AB upper part : vesicular, fractured
156.0
6.5 L e 1 hyaloclastites |consists of glassy to aphanitic rubbles of AB
162.5
95 OOOOOOOO OB medium gray
1720 ' oo upper part : vesicular
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depth |[thickness ) '
geologic profiles rock name occurences
(m) (m)
1.0 g sediments  |reddish vesicular rubbles and mud
173.0
medium to dark gray
1785 5.5 COOOOOOC OB upper part : vesicular
consists of glassy to aphanitic fragments of OB
6.5 L e 1 hyaloclastites |contains fractured angular rubbles of
isolated pillows
185.0
3.0 OO OB dark gray, massive
188.0
; light gray, unconsolidated,
. 25 | WY | sediments 1O 13V, WnCensOIdate een
' unconsolid = ted
9.0 Vi sediments  |coarse sand to fine pebble
shell fragment-bearing
199.5
25 | QOO0
202.0
20 | OO0
204.0
20 | QOO0
206.0 consists of seven flow units
20 | OOOOOOOH OB thickness of flow units : 2-5m
208.0 vesicular
50 | OO0
213.0
20 | OO0
215.0
25 | OO0
2175
s unconsolidated to semiconsolidated mud
4.5 | i sediments  [light gray
I contains rounded basaltic pebbles
232.0 . .
50 | Wy | reworked yellowish medum gray
’ hyaloclastites |semiconsolidated to consolidated
237.0
i
Hinin unconsolidated to semiconsolidated
25.0 | [ sediments  |greenish light gray silty mud
I foul smell slightly
i
262.0
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