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Summary

Hydrogeological structure in Jeju Island is complex and especially difficult
to determine from the surface because of the uncertainly of volcanic geology
where little of the internal structure visible. Lush vegetation masks the
underlying lava flows of the island. Rainfall is abundant, surface water runoff
1s meager and dependent upon intense rainfall, facts that indicate that the
groundwater resource is large. Details of its occurrence and size are not

precisely known and would benefit from further investigation.

The customary coring of tube wells in Jeju Island provides excellent
opportunities to study composition and physical character of the volcanic
formations. Geophysical logging of the wells provides evaluation of a larger
sample of the formation properties outside the borehole for potential water.
The high percentage of core recovery is due to massive character of the
lavas. The massive character has other affects such as higher particle
velocities of groundwater flow in the permeable zones, narrowed mixed zones

in basal groundwater aquifers and higher heads.

The purpose of this study is to understand the characteristics of each
aquifer and phenomenon of seawater intrusion in Gyourae-ri middle
mountainous area and Handong-ri coastal area in eastern Jeju Island. For this
purpose, I made aquifer test for each aquifer using packer and change
characteristics of electric conductivity by pumping test at aquifer of two
monitoring well in the study area. Seawater intrusion is a common problem
in coastal areas and many Islands, especially Jeju Island. Seawater intrusion

into an aquifer depends on the characteristic of the local geology. Aquifer



tests were performed to determine the hydraulic properties of aquifer systems.
These properties may be needed to design municipal water supply well fields,
to predict rates and directions of groundwater flow. Aquifer tests may be
pumping test mainly. In pumping test, groundwater is pumped from a
pumping well and water levels are measured in the pumping well and in one

or more observation wells.

The results obtained from this study are summarized as follows :
It 1s formed by bth major geological layer in study area, volcanic rock,
sedimentary, SGF(Seogwipo formation), hyaloclastites and UF(Unconsolidated
formation). Geological structure of aquifer is consisted of joint and fracture,
hyaloclastites, fine sand, sand and gravel, scoria. The aquifer in JG-site is
made of three aquifer and these aquifer is formed upper sea level. Eespecially,
Perched aquifers are formed in this area. Aquifer in JH-site is made of three
aquifer and first aquifer is formed -10~-40m below sea level and second
aquifer is consisted of sand and gravel middle of lava. Last aquifer is formed
in hyaloclastites of 51lm layer. During a pumping test, the tidal effect is

different in each aquifer and the range is about 1m.
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2 FAH= Agell AAF JG-site(AFalef A )k ] AA shAl F-EX] Hol
AR JH-site(AF3HEA 1) AF 2AbS 288 BAWEGe2 AA AT (Fig.

1, Table 1).

Table 1. Description of investigation wells in study area.

Distance Tvoe of
Site Locality EL(m) | from coast ™ yb
occurrence
(km)

Jocheon X 168797 High level
JG Gyourae 439.0 130 Y : 41822 groundwater

Gujwa X 182332 Basal
JH Handong 34.0 15 Y : 55123 groundwater

% BGL : Below ground level, El. : Elevation
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Table 2. Subgeological boundary and depth in JG and JH-site.

Ground- U
) pper boundary(El. m) Depth of well(m)
Site Ele(\frgglon \f,e‘g\l}eelr Hyalo-
(El.m) SGF clastite UF BGL EL
JG 439.0 +183.0 +18.0 - -35.0 480 -41.0
JH 34.0 +1.5 - -70.0 -121.0 160 -126.0

¥ BGL : Below ground level, El : Elevation,

SGF : Seogwipo formation. UF : Unconsolidated formation

JH-site® @33l 34m= A% 3k 155m(EL -121m)ol A UZel E2tE o] Al
FAE 160m(El -126m)olA FZ23A 0. A @S A5 (Sanddune), A 7454
5 HFOB), A} (Sand), ]2 24 7d 2 e ok (Hyaloclastite), U 2.2 o] F0{ ]
Ao JG-siteot= @@ 9ol E3 v FustdA AHE FANEALAH
Holo] B¥3 ubd $3|do NAXEL AFow 493 td2v(Fig. 2).

e gede] AMAHMEAFLFEOB)2Z A3 3 104m(EL -70m)7}

A BESH F ov) o)A §U4F G9E FAE A4 Im, AW 9m, i 2.7m

olty, A& 3F 34~36m(El. 0~-2m) FFtell= B3 Fudd HEFo| &

st AlS2 A X 3F 685~78m(El. -345~-44m)¢} 79~83m(El. -45~-49m) 2

A TRl A HFET AR ALSS S FstAo] #EE A ke ¥ aR Ab

o FE A AESETS AR St 104~155m(EL 70~

-12Im)Z 5lme] FF= AA 7 F oF 32%E AA AL vk 23| HJE
2 UZ& A3 8 156m(ElL ~121m)H5-E 225 7] Al 4kl tH(Table 3).
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Table 3. Classification and ratio of subgeology in JG and JH-Site.

Lava flow Sediment SGF Hyaloclastite | Depth
Site of well

layer layer layer layer

m | % | % m | P | | m
JG 390 81 31 74 53 11 - - 480
JH 83 52 2 1.3 - - 51 32 160
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(JG-site) (JH-site)
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Fig. 2. Geological profile in JG(A) and JH-site(B).

1.2 A 587 Wst

JG-Site= A FANAFEH 70m7FA 774 400mm= AF3FR o™ 140m7FA]
7 300mm, HEFAE/AAE T4 250mm= VAR AFsATh TAHAE A
Ao Ao mEt FA Wbyt theksith A ® s 450m7HA ¥ 0] 500mm
ol A} FAH T+ AE & 192~198m, 248~257m, 321~324m & 37§ F37to]
o, A ® 3 106m, 233~238m, 278~281m< E} F3kol Hls) FAo] WA s
o] 9 th(Fig. 3).
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Fig. 3. Calliper logging and geological profile in JG(A,B) and JH-site(C,D).
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FE5A o|Eaof strw AUt &g dE A
AA QD AL o] Fo1d 4= glo] SHAlo] AR EA BiuE Ao glddth

AlFA ol A AT G AFA = WSkl met =Ry dgsts S A st
T8 AE vxsty S s F5U9F(perched aquifer)o] €502 EA
st d&s v, 23 oA e dFFo] IFoRE WHEE e
oulst=s Ao mA AFES FASE AFAFEE Hole dtefoldl A= FARE &
ol Bux il dvk(Meyer and Presley, 2001).

JG-site7t 1A g AlstF FEA AR SAHA 9L v 28 FA7F 200m ©]
dog v FAA Bt Qo QTR AdE TEd Fe T2 9T
S a3 YHAFE, 2006). B E3H U]
2 sPkekSoly AFFAd HA S Bt
AN Aot Wl FUFse TEHA, dg FE, ASHY] A &
et K83 BRIF HY] WEo A|FHAANA AEEE dAHHow A&
T WstE SAs A

JG-site= A1FAAHANA AF 3} 188mol A F-H 422m7tA] BT 839 A A
AskER 7t st dde WErAT. AE 8 188molA A Fo w2 A ek
7b @AEJ oY AR 23m AHS #ESAS u, A= 2m
190m, A% 239m A& #HEstAs wel= vAl 225m7t at4g 2125mel
217 A EAT A% 259m A HE #HE3 F 79+ 185m7t s 231m, A
T 279m AFS #F3 Lol 238m=E Tm sHAEE 5 83e A WHIE
Holtrl 4% 422m o] Fol= ol o] Fe¥stE YA ZRth(Fig. 4).

NFFTRE T A8, 7F 2585mdl AE HE T u
188m, 234m, 239m 3tell A E Fo= FHusId o3 o, A&t
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Table 4. Method and result of aquifer test for each aquifer in JG-site.

R Drill | Range |Water|Draw- .
%}Vfgé)gl Aquifer |depth| of test | level | down rI;‘F er?gg ;1]% ) P(urr;p Pa(lrcrlli)er
(m) (m) (m) | (m) m
1-1 4.46 2,150 198 N
1-2 6.30 |2,150~2,030| 204 N
1st Perched| 230 | 188~230 | 188
1-3 0.98 |1,500~1,400| 204 N
1-4 1.48 1,700 204 N
2nd Ist 315 |2445~315| 244 | 2097 | 1,700~700 | 262 215
3rd 2nd 440 | 317~440 | 256 3.10 1,400 330 317
4th All 480 | 258~480 | 256 1.56 [1,700~1,400| 276 N
Ist 2nd 3rd 4th
Q=2.100 Q=1,000 Q=1.400 Q=1.,500
200m-4
256m
300m
276m
Regend
soomi | HioKes
A ¢ Air tank
W ' Water table
Q : Pumping rate 480m

Fig. 5. Profile of aquifer test for each aquifer in JG-site.



JG-site Aquifer test(1-1)
(Test depth : 188~ 230m)

0
Q =2,150m /D('06.5.4)
10.0
P ek tmee e ot e sl PP -
E 80 }
[}
5
g
= \‘\“\'\.VJ
4.0
5 0 . . . . .
12:00 16:00 20:00 0:00 4:00 8:00 12:00
Time
JG -site Aquifer test(1-2)
(Test depth : 188~ 230m)
18.0
Q =2,150~2,030m /D
('065.15~ 16)
16.0
E 140 F
[
5
g
& 120 F
10.0 [
8.0 . 3 . i . : . h J
6:00 9:00  12:00 15:00 18:00 21:00  0:00 3:00 6:00 9:00  12:00
Tim e
JG-site Aquifer test(1-3)
(Test depth : 188~ 230m)
18.0
Q = 1,500~ 1,300m /D('06.5.19)
. 16.0 [
= |
° ’
5
2
8
a
14.0 |
12.0 . 3 J . . . .
5:00 7:00 9:00 11:00 13:00 15:00 17:00 19:00
Time
JG -site Aquifer test(1-4)
(Test depth : 188~ 230m )
18.0
Q =1,700m /D('06.5.20)
. 18.0
£
°
E
2
4
a )
14.0
120 . . . . . . .
18:00 21:00 0:00 3:00 6:00 9:00 12:00 15:00 18:00
Tim e
Fig. 6. Fluctuation of groundwater levels for perched aquifer test in JG-site.
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JG-site Aquifer test(2nd)
(Test depth : 215~ 315m)
30.0 1,800
Q =1,700~ 700m /D —~Press
L ('06.6.27~ 28) ® Pumping rate
25.0 1 1,600
_20.0 1,400 2
[= E
[ 3
2 15.0 | 1 1,200 &
%3 (o)
[0 C
a g
10.0 |} s, 1 1.000 §
Py Tee® e®®®®000ge®
5.0 eee . 800
’ ®®eee covcoe L
0.0 . . . . . . . 600
20:00 22:24 0:48 3:12 5:36 8:00 10:24 12:48 15:12
Time
JG-site Aquifer test(3rd)
(Test depth : 317~440m)
30.0
Q =1,400m /D('06.8.28~ 29)
28.0
E
°
3 26.0
%2}
[
a
24.0
20 0 . . . . . .
5:00 9:48 14:36 19:24 0.2 5:00 9:48
Time
JG-Site Aquifer test(4th)
(Test depth : 256~ 480m)
Q =1,700~ 1,400m /D
('06.9.11~12)
€ 14.0
°
pm}
[7]
1%}
[
a
12.0
10.0 . . . . . . . .
12:00 15:36 19:12 22:48 2:24 6:00 9:36 13:12 16:48
Time

Fig. 7. Fluctuation of groundwater levels for aquifer test in JG-site.
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JH-Sitesl A& 370 th2ol tatel 44el (% 73] 24 F2uEz drs
2e)stel 4ovtE el WZ2 A9l cH(Table 5, Fig. 8).

Table 5. Method and result of aquifer test for each aquifer in JH-site.

P Drill | Range |Draw-|Pumping
Ig)lfv{;lggl Aquifer| depth | of test | down rate P(ngp Pe(lrcrlli)er Remarks
(m) (m) (m) (m'/d)
1-1 0.02 1,440 36
1st Ist 68 32.4~68
1-2 0.03 1,440 66
2-1 68~100 | 0.09 1,330 84 68 closed
2nd 2nd 100
2-2 32.4~100| 0.07 1,330 84 N open
3-1 100~130 | 0.03 1,300 il 15 100 closed
3rd 3rd 130
3-2 32.4~130| 0.02 1,300 115 N open
4th All 160 |32.4~160| 0.03 1,230 136 N
15 1St 1-2st 2nd 3rd 4th
Q=1.440 Q= 1,440 Q=1,330 Q=1,300 Q=1,230
| ®
Om
32.4m Ty
36m
50m + 66m
68m 68m 68m
84m
100m -+ 100m
oy 130m
P Packer
\ﬁf : m;%gplt(able 16
Q : Pumping rate
160m -+ 160m

Fig. 8. Profile of aquifer test for each aquifer in JH-site.
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J H-site Aquifer test(1-1st)
(Test depth : 32.4m ~ 68m)
3.2
Q =1,440m /D('06.8.9)
3.0
E 28 F
?
j<l
a 2.6
2.4
5 o . . . .
12:00 14:24 16:48 19:12 21:36
Time
J H-site Aaquifer Test(1-—2st)
(Test depth : 32.4—68m)
33.4
Q=1,440m/D('06'8'10)
33.2
T 33.0 [
E 32.8 \
32.6 v
32.4
8:52 11:16 13:40 16:04 18:28
Time
J H-site Aquifer test(2nd)
(Test depth : 68 ~ 100m)
68.0
Q =1,330m /D('06.8.23~ 24)
- 58.0
e Lower of packer
7
3 48.0
a
38.0
Upper of packer
280 . . L L . .
8:00 13:00 18:00 23:00 4:00 9:00 14:00
Time
J H-site Aquifer test(3rd)
(Test depth : 100~ 130m)
93.0
Q =1,300m /D('06.9.4~ 5)
= 92.5 r
7
w
1ol
g /-\
920 S~ \
Packer closed Packer open
91.5 : : :
4:48 9:36 14:24 19:12 0:00 4:48 9:36 14:24
Time

Fig. 9. Fluctuation of groundwater levels for aquifer test in JH-site.
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Table 6. Transmissivity for unconfined method of Theis in JG-site.

o Range |Draw-| Pumping | Transmissivit
I?)lfv%ts’elggl Aquifer | of test | down rate . ’ Type of test
(m) (m) | (m/D) (mi7/d)
906 pumping
1-1 4.46 2,150
886 recovery
= 753 pumping
1-2 6.30 Zaid
2,030 2,117 recovery
1st Perched | 188~230 3301 ;
) ] , pumping
1-3 0.98 1,504
1,300 4,233 recovery
2,775 pumping
1-4 1.48 1,700
2,599 recovery
- 75 pumping
2nd Ist |244.5~315| 20.97 1,700
700 212 recovery
895 pumping
3rd 2nd 317~440 | 3.10 1,400
1,137 recovery
— 2,144 pumping
4th All 258~480 | 1.56 1,700
1,400 2,139 recovery
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Fig. 10. Transmissivity for
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aquifer pumping and recovery test in JG-site.
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Fig. 10. Continued.
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JG-site aquifer pumping test(4rd)
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Fig. 10. Continued.
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JG-site EC logging JEsite EC logging Geological profile
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Fig. 11. EC logging data in JG-site.

(A : Open hole, B : Casing hole, C : Geologging profile)



Table 7. Result of EC logging in JH-site.

Division| Date Water level |Drill depth| Max. of EC Aquifer Result
(m) (m) (us/cm)
1st .7 32.0 58 657
: Fresh
1st Aquifer
ond | 8. 9 32.3 63 1,256 water
3rd 8. 21 33.0 100 42 681 2nd Aquifer
4th 9. 6 33.1 130 44 583
5th | 9.20| 324 160 40,997 | A
3rd Aquifer
6th | 10. 19 325 160 42,667
7th 11. 7 33.0 160 42,667
12k A (A% 58m)> At9l AstHdA EC HA ghel 657us/cmg 715
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ECloaging(Cepth : 59 E EC logoing(Deth : 68rm) EC logding(Depin * 100m)
Dete - 2006/08/07(14:38~14:51) Dete : 2005/0B/03(10:19~10149) Date : 2006/8/21(1300~1330)
EQ(usfen) EQ(us/on) EQ(usfor)
0 a0 400 60 8o 100 50 M0 90 110 130 150 0 10000 20,000 30,000 40000 50,000
£y T 'J ko) : T D . .
40 \ Q0+ 20
0 t 5 50
&) ) ‘. 60
) - of .70
o Y Eof— j
— — ey
Eaof =) s@yf \
£ ) a
S0 | S 10 100
ot 1ot 110
120t 120 120
12F 12 1t
140 F 140 140
19 190 150
® 160 160
(A) depth : 58m (B) depth : 68m (C) depth : 100m
@ ECloggirg{Decth : 120m) EC loaging(Depth : 160 EClogging(Cepth : 160
Dite : AB/YE1600~163) Date : 2006/9/20(1333~14:29 Dete : 2006/10/19(1252~14:06)
EQ(ugem) EQ(us/em) EC(us/cm)
0 10,000 20,000 30,000 40,000 50,000 0 10000 20,000 30,000 40,000 50,000 0 10000 20,000 30,000 40,000 50,000
kY D ‘ [ : 0 ,
40 40 40
50 Y 50
60 [50) 50
70 ) 7
_ - & & 2
& =) ot
s €0 \ *g Dt SOt
100 ©10 Sim \
(&)
110 \ 10 110
120 ‘ 120 120
130 12 120
140 140 | 140
150 150 150 i
7
160 160 160

(D) depth : 130m

(E) depth : 160m

Fig. 12. Graph of EC logging data in JH-site.

(F) depth : 160m

(after one month)
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Fig. 13. Variation of EC to time interval and geological profile in JH-site.
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Table 8. Variation of EC value on aquifer test in JH-site.

Division Range EC(ys/cm)
of test Of(r;e)St Before pump on pump off
1-1 32.4~68 1,004~1,116 553~1,007 995~998
s 1-2 32.4~68 1,123~1,127 777~1,139 768~ 860
2-1 68~100 39,990 ~40,378 [17,640~28,717| 39,462~ 39,909
e 2-2 32.4~100 39,462~ 39,909 |16,638~28,837| 39,487~ 39,740
3-1 100~130 43,627~43910 [41,684~42,000| 43,330 ~44,527
o 3-2 32.4~130 43,330 ~44,527 {41,592~41,863 | 44,254~ 44,536
4th 32.4~160 44,382~45,054 44,274~ 44,996 | 44,160~ 45,290
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Fig. 14. Fluctuation of EC for aquifer test in JH-site.
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Fig. 15. Long term fluctuation of groundwater levels in JG and JH-site.
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Table 9. Residence time of groundwater by CFCs method.

st | Supe | Sagelng| Pt | gl TR (B | Avemge
JG-1 6.27 2445~ 315 262 13 70 19

JG JG-2 8.29 317~440 330 13 I 22
JG-3 9.12 256 ~ 480 276 13 67 19
JH-1 8.11 33~68 33 15 1,305 17
JH-2 8.23 33~100 85 16 19,086 33

H JH-3 9.4 100~130 115 16 41,627 34
JH-4 9.18 33~160 136 17 44 557 31
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Fig. 16. Schematic residence time of groundwater by CFCs method.
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Fig. 17. Gradient and spread range of lava flow in two site.
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Table 10. Division of aquifer and rock in JG and JH-Site.

. Division Depth of aquifer Thiclk= Geological
Site ¢ .t ness h L.
of aquifer (BGL.m) (El.m) (m) characteristic
Perched | 192.5~198.0 | 2465~2410 | 55  Scoria and
Sedimentary deposit
233.0~238.0 | 194.0~189.0 5.0 | Sedimentary deposit
1st 248.0~2575 | 191.0~181.5 95 | Gravel and Fracture
JG 278.5~281.0 | 160.5~158.0 2.5 | Gravel and Fracture
ond 321.0~324.0 | 118.0~115.0 3.0 | Gravel and Fracture
384.0~399.0 55.0~ 40.0 15.0 | Gravel and Fracture
3rd 421.0~ 18.0~ <53.0 Tuff(SGF)
1st 43.0~ 680 | - 90~ -340| 250 Joint and Fracture
685~ 780 | -345~ -44.0 9.5
JH 2nd 79.0~ 83.0 | -45.0~ -49.0 4.0 Sand and Gravel
92.0~ 97.0 | -58.0~ -63.0 5.0
3rd 104.0~155.0 | -70.0~-121.0| 51.0 Hyaloclastite
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Fig. 18. Hydrogeological profile in JG and JH-site.
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Table 11. G-H ratio & depth of transition zone in JH-site.

EC(us/cm) Transition zone
site| EL | Sevel
ite : eve Layer _17 | Distance
(m) (BGL.m)| (50m) | (75m) | (150m) |of fresh D(erggh gﬁlg from
water coast(km)

15,000 ~ 42,000 ~

JH | 34 32.5 | >1,000 20,000 | 45,000

+1.5 -41 (=141 1.5

Perched water

Ny L
\\_‘_qﬁ‘“‘“ Aquifer JH-site
e G.W.L
\.‘::_——_-— -
“:t::‘\ \ Sea level
[ Lava flow
. SGF
UF
High level groundwater Parabasal groundwater Basal groundwater

Fig. 19. Schematic model of groundwater occurrence of eastern area in Jeju.
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