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Hydrogeological Characteristics of Saline
Groundwater Wells in the Eastern Area of Jeju

Island

Seung—"Tae Oh

Department of Construction and Environmental Engineering
Graduate School of Industry

Jeju National University

Supervised by Professor Sang-Kyu Kam

Summary

For the saline groundwater wells of Namweon, Pyoseon, Seongsan,
Gujwa and Jocheon basins in the eastern coastal area of Jeju Island, their
hydrogeological characteristics were investigated, using the characteristics
of groundwater reserve by the data of vertical logging of electrical
conductivity and by those of underground geology, together with the
results of hydraulic parameters calculated by the tidal response technique.

The wells in this study area showed that low saline groundwater by

mixing of the fresh groundwater inflowed from inland with seawater was
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distributed in the upper part and saline groundwater without mixing of
fresh groundwater and seawater was distributed in the lower part. The
saline groundwater can be reserved in the clinker layer and crushing joint
derived from the compact Aa lava, the pillow lava layer and the
hyaloclastite breccia layer founded in the bottom of wells.

The hydraulic diffusivity (T/S) values calculated by applying the
groundwater level data for these wells and tidal level data in the eastern
area of Jeju Island, were in the range of 2.33x10" m*d '~4.56x10" m*d .
The transmissivity (T) values were in the range of 232,558~ 13,667,426
m?d' and 233~45600 m°d’ with regard to unconfined one and an
confined one, respectively, and the latter values are similar to those (731~
44,100 m*d ™) reported in this area earlier.

In addition, it was considered that the aquifer type in this study area
was similar to a leaky aquifer (showing a severe leaky phenomenon) or a
semi—confined one rather than a complete confined one, based on the

geological characteristics such as vertical joint and crushing plane.
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Fig. 1. Principle of the Ghyben—-Herzberg theory.
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Fobop @t thAl alA, FAol FEF s Aze] B Fa

(Jeju=Do, 2002).

Table 1. Thickness of the freshwater lens and G-H Ratio of eastern area of Jeju

Island(Jeju—Do, 2002)

Thickness of the
Groundwater

Well name  Elevation (m) level (EL m) freshwater lens(m) G-H Ratio
A Theoretical Observed

Handong-1 14.79 1.80 72 33.18 1118
Handong-2 42.22 2.00 80 3515 118
Handong-3 112.25 2.43 97.2 67.69 1:28
Susan-1 33.33 0.90 36 2756 1:31
Susan-1 7047 2.30 92 29.21 1:13
Susan-1 115.06 2.40 9% 48.33 1:20
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Ao Astrs 249 For Ao stAS wbEsH HedH, o

pressure)®] Wstel ola) AR oldF Aol Kk, AE sHF R PHE =
Hel F7), AF, B BRI, ARAS, TP srowree) A 5o

93k J3FS W=t} (Ferris, 1951).

Gt WFoR Augd e 597t WEsE oldd Al E
AHQ A5 SHORE Ass f5e A BAR & glon, qasee o
%79 24L& 9 Aol BEHe| A 5, 2005)

2] @ AsEANE BAL Sla olsh fAlF nANAe dAd 2
1o}

(Jacob, 1950; Ferris, 1951; Werner2} Noren, 1951).

W, ) =y +A'exp[—@]-sin[wt—@x+ C] (22)

A AdA hx, DE AFEH, haa & BE AFH L), AT M AF
(amplitude) [L] , xi&= dietezRee] Ag (L], Te WFFe FF3A5 LT
1, S AFAF [(F219], we 249 &%(tidal speed)ZA 2w/t Zow o=
ZAM 9ol F7](tidal period)°]th. t&= AlZF [T] , c& A¥3H(phase shift)e] o},

x4 &S Ho, Astrele] &S Hee 34, 4 (22)= 4 23)3% 22 &

o

H,=Hyexp(—mx), p= (23)
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Fig. 5. Grid setting for the analysis of spatial distribution characteristics of saline
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20100 vig o2 FA4Ed 7|Ad gt dAH S FEAAEA w FEsshe
9} 5 0] & o] (Pahoehoe) &+, otot(Aa) 47/, Al S WA= ALdZFo2 AEFI}

Table 2. Speciation of the saline groundwater wells under study area

Basin Well ID EL(m) Drilling depth(m)  Water level(m) Remarks
NW-1 7.0 50.0 7.0
Namweon = NW-2(TR-1) 40 60.0 35 Observation of
Basin NW-3 50 60.0 45 water level
NW-4 30 61.0 44
PS-1 5.0 480 50
Pyoseon PS-2 70 63.0 6.1
Basin PS-3 30 60.0 30
PS-4 40 69.0 25
SS-1 6.0 70.0 51
SS-2 8.0 60.0 6.2
Seongsan SS-3 70 61.0 40
Basin SS-4 2.0 50.0 2.0
TR-1 6.0 65.0 50 Observation of
TR-2 3.0 470 20 water level
GJ-1 2.0 55.0 2.0
Gujwa GJ-2 6.0 59.0 55
Basin GJ-3 40 450 2.0
GJ-4 50 53.0 50
Jocheon JC-1 25 480 2.3
, JC-2 40 68.0 40
Basin JC-3 70 359 70
—_ 21 —_
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Fig. 6. Locations of saline groundwater wells for the survey and analysis under study area.
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Fig. 7. Location of tidal stations in Jeju Island.
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Table 3. Present condition of exploitation and utilization of

wells in eastern area of Jeju Island

48393, 1,440
ok 1/5M) A==

saline groundwater

Basin Fisheries sg ;)\?iccl 7 Others  Total Remarks
Namwe- No. of wells 143 2 1 146 Amount of
. Permitted attainable water per
o ounta0m - ME 05 3 LGS e (c10’m/d 80
No. of wells 218 17 = 235 Amount of
Pyoseon Permitted attainable water per
baSHI amount()(logmx/d) 1,800 34 - 1,8034 WeH (Xlo.’%mg/d): 7 7
Seongs- No. of wells 302 30 1 333 Amount of
. Permitted attainable water per
an basin amount(<10°m/d) 2,275 6.4 0.7 2,282.1 well (<10°m/d): 6.9
Gui No. of wells 203 15 1 219 Amount of
szsﬁa Permitted L6D 43 02 16365 attainable ‘water per
amount(x10°m'/d) ’ i ‘ e well (x10°m'/d): 75
No. of wells 35 2 1 38 Amount of
Jocheon Permitted attainable water per
. ermitte
basin amount(<10°m/d) 281 0.3 0.1 281.4 well (<10°m/d): 7.4
No. of wells 901 66 4 971 A ;
‘ (928%)  (68%) (04%) (100%) ~ ‘mounto
Total . attainable water per
Permitted 7,151 149 4 7.169.9 3 0.
3 well (x10°m'/d): 74
amount(x10°m’/d)  (99.7%)  (0.2%)  (01%)  (100%)
—_ 25 —_
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BAT 110 ki > HA% 45 kel B4 #02 shEolo] §UF 2 okl §4F}
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W E

. Pyoseon Basin
I Cinder cone

|| Sedimentary laye
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Namweon Basin

Fig. 10. Distribution of surface geology in the basal groundwater part of eastern

area of Jeju Island.
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Table 5. Present condition of surface geology of saline groundwater wells in the

eastern area of Jeju Island(unit: ki)

Basin Pahoehoe lava Aa lava Cinder cone Sedimentary layer
Namweon basin 89 98 - -
pyoseon basin 8.8 21.5 4.2 0.3
seongsan basin 57.0 31.4 29 2.7
Gujwa basin 60.3 54.2 3.0 1.3
Jocheon basin 9.3 2.6 0.9 0.2
Total 144.3 119 11 45

&
l¢)
(Cp}
—2
-
o
pe)
32,
S

_29_

Collection @ jeju



Table 6. Distribution characteristics of underground geology of saline groundwater

wells with the basin in the eastern of Jeju Island.

Well  Main underground Main aquifer(Screen interval)
Basin
D geology interval(E.L m) Geology
NW-1  Pahochoe-Aa lava  (-)26~(-)34 boundary faqlielava
Sandy gravel layer~gravel layer
N weon NW-2 Aa lava (-)38~(-)44 Sandy gravel layer~gravel layer
basin NW-3 Aa lava ()35~ (-)55 Sandy gravel layer~gravel layer
NW-4 Aa lava (=)47~(-)57 Sandy gravel layer~gravel layer
PS-1 Aa lava (-)41~(-)43 Sandy gravel layer~gravel layer
- W boundary face of lava,
Pyoseon P52 v 13 Sandy gravel layer~gravel layer
basin pg g Aa lava (=)51~ ()57 boundary face of lava,
Sandy gravel layer~gravel layer
PS-4 Aa lava (=)61~ ()64 Sandy gravel layer~gravel layer
SS-1 Aa lava ()56~ ()59 Sandy gravel layer~gravel layer
seongsan
g S5-2 Aa lava ()27~ (-)52 gelindary face of lava,
basin Sandy gravel layer~gravel layer
- s cooling joint and
SS-4 Aa lava (-)45~ (-)48 crushing of Aa laval
GJ-1 Aa lava (=)50~(-)53 Sandy gravel layer~gravel layer
- RV cooling joint and
Gujwa GJ-2 Aa lava (47~ ()53 crushing of Aa laval
basin GJ-3 Aa lava ()35~ (-)41 Sandy gravel layer~gravel layer
GJ-4 A lava (2139~ ()48 boundary face of lava,
Sandy gravel layer~gravel layer
JC-1 Aa lava (=)40~ ()46 Sandy gravel layer~gravel layer
Jocheon
, JC-2 Aa lava (=)50~ ()56 Sandy gravel layer~gravel layer
basin
JC-3 Aa lava ()23~ ()29 Sandy gravel layer~gravel layer
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Fig. 11. Location map of saline groundwater wells for the study of undergroud

geology.
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Fig. 12. Cross section of underground geology in Namweon basin.
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Fig. 17. The hyaloclastite breccia(dotted circle) observed in saline groundwater

wells of the eastern area of Jeju Island.
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Electrical Conductivity(uS/cm)
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Fig. 18. Variations of electrical conductivity with the subsurface depth in saline

groundwater wells of Namweon basin.
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Fig. 19. Variations of electrical conductivity with the subsurface depth in saline

groundwater wells of Pyoseon basin.
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Fig. 20. Variations of electrical conductivity with the subsurface depth in saline

groundwater wells of Seongsan basin.
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Fig. 21. Variations of electrical conductivity with the subsurface depth in saline

groundwater wells of Gujwa basin.
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Fig. 22. Variations of electrical conductivity with the subsurface depth in saline

groundwater wells of Jocheon basin.
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Fig. 23. Characteristics of groundwater reserve in Namweon basin.
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Fig. 24. Characteristics of groundwater reserve in Pyoseon basin.
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Fig. 25. Characteristics of groundwater reserve in Seongsan basin.
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Fig. 26. Characteristics of groundwater reserve in Gujwa basin.
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Fig. 27. Characteristics of groundwater reserve in Jocheon basin.
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Fig. 28. Variations of long—time tidal level Seogwipo—Seongsanpo tidal stations.
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B2 dAFdAE dA9 29dxae AFE A AAsHA F TR,
TR-2, TR-39] A|38}4¢

B AF AAsFRA9 TR-1, TR-2, TR-39 A& M5zt #Axio =
A8 Fig. 30~32¢ JeERUlaL, o] & it S A A7) Fig. 33014 <
2] TR-1, TR-2, TR-39] AAAZFL Zhz} 18%, 363, 3002 LHEL

TR-1, TR-2, TR-39] A AAIZt slitate] Arl F& 2(23), 2(24)E ©] &3}
FEYFAAR(T/S)E Akstd, Fe FAAS(T/S)E 233x10" ~ 456x10° m*d '
HAE HAS & F A3l(Table 8) o] ©] 5(2006)°] High 529 &t

AG(T/S)Q 25%10° m*d ' ~ 75x10° m’d e} FAFES o 4 Qlth

—

AT 2833 52 AFA5+E= 0.01~0.3(Freeze and
Cherry, 1979) W99 #s, IdulESd A5 AFAT #H> 107‘~107°(Driscoll,
1986)< 7HA=H ol& #<S #-&3tH Table 83 o] A4

A(T)E 232558~13,667426 m’d 'e] WS wolv, IguFZe 23S 233 ~
45,600 m’d '¢] WS RS & 5 ATk

Table 8. The hydraulic diffusivity(T/S) and transmissivity(T) calculated by the

distance from coast and time lag for each of survey wells

Distance Time T(m'd")
T/S
Well ID from coast lag 9 -1 : :
. (md) Unconfine Confine

(m) (min) 3 5
(5=0.01~0.3) (S=10°~10"7)

TR-1 28 18 2.33x10’ 232,558~6,976,744 233~23,300

TR-2 70 36 456x10" 455581 ~13,667,426 456~ 45,600

TR-3 53 30 4.00x10° 400,000~ 12,000,000 400~40,000
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Fig. 30. Variations of groundwater level at TR-1(—) and tidal level at Seogwipo

tidal station(:--).
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Fig. 31. Variations of groundwater level at TR-2(—) and tidal level at

Seongsanpo tidal station(::-).
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Fig. 32. Variations of groundwater level at TR-3(—) and tidal level at

Seongsanpo tidal station(::-).
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A S o2 AEete] i FEFART) %L Jeju-Do(2003)7 B4
8&e ARE EWRE V¥ AR AN Fds

8
o atw F FHAGY FEBAS(T) 731~44,100 m'd 'O @ fA

ﬁd

o
2y
o

pul

Table 9. Hydraulic parameters of monitoring wells in Jeju Island(Jeju—-Do, 2003)

e ff e e
(m'/d) (m'/d) (m/d)

Mean 2,312.0 10,861.2 17573.0 552.2

Total Minimum 900.0 151.0 4342 8.7
(83 wells) Maximum 3,325.0 55,900.0 74,940.0 2,400.0
Range 24250 55,749.0 745058 2,3913

Mean 2,3838 90709 19,1469 6375

Southern Minimum 1,442.0 151.0 4342 8.7
(21 wells) Maximum 3,056.7 25,194.0 74,9400 2,400.0
Range 16147 25,043.0 74505.8 2,391.3

Mean 25054 11,2808 17,0330 3584

Northern Minimum 1500.0 201.8 832.6 14.7
(36 wells) Maximum 3,325.0 55,900.0 59,0976 1,650.1
Range 18250 55,698.2 58.265.0 16354

Mean 21109 11,4461 17,7255 839.0

FEastern Minimum 1,000.0 3514 731.0 173.1
(27 wells) Maximum 28710 48579.2 44,100.0 2,266.2
Range 18710 482278 43,369.0 2,093.1

Mean 15250 12,5363 13,1410 199.2

Western Minimum 900.0 2,923.0 42105 61.6
(4 wells) Maximum 2,000.0 25,000.0 26,0200 385.0
Range 1,100.0 22077.0 21,7495 3234
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References
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Hydraulic
Diffusivity (T/S, m“d ")

Wells
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