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Abstracts :
cavern in the coastal areas, the seaward flow of groundwater has been disturbed or even reversed, resulting in

With increasing activities for groundwater withdrawal and for the construction of underground

seawater intrusion in aquifers. This phenomenon would be attributed to the freshwater contamination and the
corrosion of steel materials. The hydrogeological and geochemical investigations have performed to
characterize the seawater intrusion into the underground caverns located in the coastal area. Assumimg the
inland aquifer as unconfined one, we have found out that the theoretical interface of freshwater-seawater is
far different from the pathways identified. In the study site, the main pathways of seawater intrusion into the
underground cavern are characterized as the sub-horizontal fractures (zones). The seawater intrusion in
granitic terrane would depend mainly on the characteristics of conductive fracture system developed along

the coastal area.
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Figure 1. Idealized sketch of fresh- and salt-water distribution in
an unconfined coastal aquifer to illustrate the Ghyben-
Herzberg relation (after Todd, 1959).
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Figure 2. Discrepancy between actual depth to salt water and
depth calculated by the Ghyben-Herzberg relatdon
(after Hubbert, 1940).
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Figure 3. Layout and sampling points at Yeosu site Samples from 6 to 22 are collected from the HWB (Horizontal Watercurtain
Borcholes) and symbol(#) represents the number of HWB. The VBH means the vertical watercurtain boreholes.
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Figure 5. Piper diagram of the major ion composition (mil-
liequivalents) of water from Yeosu site.
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Table 1. Chemical compositions of water in Yeosu site (May 22 & July 4) (&9 : pg/mi)

Location* Na K Ca Mg Cl HCO; NO; SO”

(1) A-SW-1 6.0 32 22 1.6 4.7 18.0 ND 4.7
(2) A-SW-2 4.0 1.2 10.0 3.6 6.0 32.0 ND 10.3
(3) A-SW-3 3.0 0 10.0 3.5 4.7 32.0 ND 8.0
(4) A-INJECTION 6.8 2.6 8.2 1.9 11.6 320 ND 6.5
(5) A-SEAWATER 8,200 500.0 435.0 1,319 13,857 3,200 ND 2,150
(6) A-GW-1 22.0 0.6 22.0 0.59 6.1 98.0 ND 151
(7) A-GW-2 12.0 0.1 17.0 0.16 6.1 56.0 ND 12.3
(8) A-GW-3 21.0 09 8.6 0.08 55 67.0 ND 94
(9) A-GW-4 13.0 0.3 22.0 0.1 49 78.0 34 8.7
(10) A-GW-5 21.0 0.4 13.0 0.08 2.7 78.0 ND 64
(11) A-GW-6 21.0 0.2 13.0 0.07 4.1 54.0 ND 28.0
(12) A-GW-7 27.0 0.5 5.1 0.1 6.0 78.0 0.4 0.8
(13) A-GW-8 13.0 1.6 18.0 0.54 4.6 73.0 94 7.8
(23) A-LW-1 12.0 14 21.0 0.94 8.0 78.0 2.4 5.0
(25) A-LW-3 8.1 1.3 15.0 1.3 10.0 54.0 22 6.9
(26) A-LW-4 72.0 4.0 4.1 0.47 10.0 176.0 10.6 8.7
(27) A-LW-5 190.0 31.0 23.0 14 260 45.0 47.1 959
(28) A-LW-6 18.0 4.2 74.0 11 14.0 240.0 2.8 11.6
(30) A-LW-8 12.0 0.5 13.0 1.2 9.0 54.0 54 54
(31) A-LW-9 2,132 17.0 890.0 271.0 3,949 1,700 4.6 849.0
(33) A-LW-11 8.0 14 13.0 1.2 11.0 340 24 74
(34) A-LW-12 64.0 32 13.0 1.0 14.0 175.0 5.8 7.9
(35) A-LW-13 3,850 99.9 1,200 575.0 7,551 1,980 ND 1,283
(37) A-LW-15 13.0 3.1 16.0 0.53 6.0 56.0 35 134
(39) A-LW-17 200.0 50.0 17.0 043 209.0 150.0 74 .4 66.2
(41) A-LW-19 200.0 40.0 30.0 1.2 314.0 28.0 42.2 62.8

(1) * SW: Surface water, GW: Groundwater, LW: Leakage water into cavern, (2) ND <0.1 pg/ml/
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Table 2. Chemical compositions of water in Geoje site (&9 : ug/mi)
Location* Na K Ca Mg Cl HCO, NO; X
(1) B-SW-1 9.3 2.0 5.6 2.6 145 31.0 ND 31
(2) B-INJECTION 12.0 2.0 9.3 2.7 18.0 38.0 ND 438
(3) B-SEAWATER 10,000.0 6.4 426.0 1,310.0 14,604.0 5,928.0 12.0 2,140.0
(4) B-GW-1 17.0 2.0 14.0 11 18.4 61.0 ND 51
(5) B-GW-2 13.0 2.0 11.0 2.3 16.7 47.8 ND 44
(6) B-GW-3 12.0 2.0 18.0 1.2 15.0 58.7 ND 6.7
(7) B-GW-4 88 2.0 20.0 37 10.9 823 ND 4.3
(8) B-LW-1 11.0 2.0 22.0 29 15.6 84.3 ND 5.5
(9) B-LW-2 24.0 9.3 30.0 0.2 16.9 128.0 ND 11.7
(10) B-LW-3 250.0 17.0 324.0 9.1 792.0 169.4 ND 132.0
(11) B-LW-4 2,600.0 92.0 501.0 296.0 4,405.0 1,612.0 ND 635.0
(12) B-LW-5 10.0 2.0 24.0 0.1 14.7 67 4 ND 83
(13) B-GW-6 13.0 2.0 43 13.0 14.3 72.4 ND 11.0
(1) * SW: Surface water, GW: Groundwater, LW: Leakage water into cavern, (2) ND <0.1 pg/m!/
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Figure 6. Piper diagram of the major ion composition (mil-
liequivalents) of water from Geoje site.
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Table 3. Results of environmental isotope analysis in Yeosu site. Number in parentheses indicates the SO,* concentration

Sampling Ground surface Sampling date

Location*

clevation (m) eclevation (m) May 22 June 19 July 4 Aug. 6 Oct. 25
(1) A-SW-1 240 240 -7.33(4.7)
(2) A-SW-2 155 155 -7.06(10.3)
(3) A-SW-3 30 30 -6.73(8.0) -7.11
(4) A-INJECTION 0 0 -6.08(4.5) -6.28 -6.24(6.5) -7.30(2)
(5) A-SEAWATER 0 0 0.15(2,150) -0.70
(6) A-GW-1 0 130 -7.40(11.0) -7.40 -7.49(15.1) -7.03
(7) A-GW-2 0 172 -7.69(9.0) -7.56 -7.65 -7.71(9.4)
(8) A-GW-3 0 190 -7.71 -7.83 -5.04(2)
(9) A-GW-4 0 160 -7.32(8.7) -7.46 -7.28
(10) A-GW-5 0 170 -8.41(6.4) -8.45 -8.44
(11) A-GW-6 0 155 -8.14(28.0) -8.20 -8.18
(12) A-GW-7 0 130 -7.70(0.8) -7.68 -7.80
(14) A-GW-9 0 120 -7.41 -6.41 -7.30 -7.32
(15) A-GW-10 0 185 -7.53(5.3) -7.51
(16) A-GW-11 0 175 -6.96 -7.26
(17) A-GW-12 -12.4 70 -6.43
(18) A-GW-13 -12.3 100 -6.56
(19) A-GW-14 -12.9 35 -6.30
(20) A-GW-15 -18.7 50 -6.34
(21) A-GW-16 -17.8 175 -7.42
(22) A-GW-17 -15.8 170 -7.28
(23) A-LW-1 -60 90 -6.72(4.2) -6.87 -6.65(5.0) -7.50(7.5)
(24) A-LW-2 -60 80 -6.23(6.9)
(25) A-LW-3 -60 80 -6.23
(26) A-LW-4 -60 65 -6.39(9.2) -6.62(8.7) -6.29
(27) A-LW-5 -60 110 -6.56(95.9)
(28) A LW-6 60 115 -6.28(11.6) 7.37(12.1)
(29) A-LW-7 -60 95 -6.28 -7.25(11.6)
(30) A-LW-8 -60 50 -6.33(5.4) -6.30 -6.40(5 .4) -5.26(429.4)
(31) A-LW-9 -60 45 -5.17(849.0) -5.10 -6.08(1,085)
(32) A-LW-10 -60 33
(33) A-LW-11 -60 150 -6.14(7 4) -3.66(1,705)
(34) A-LW-12 -60 50 -3.24(1,283) -6.17 -6.21(7.9) -3.98(1,546)
(36) A-LW-14 -60 33
(37) A-LW-15 -60 173 -6.69(13.4)
(38) A-LW-16 -60 180 -6.15
(39) A-LW-17 -60 180 -5.44(66.2)
(40) A-LW-18 -60 30 -5.96(19.9) -7.12 -6.95(22.7)
(42) A-LW-20 -6.40(230.4)

* SW: Surface water, GW: Groundwater, LW: Leakage water into cavern
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o7 ARol Rpziow PR, AR LWl B o] £9uWsE BEIch(Figuer 9). 4719 FRFuET F
e AE7t Zo] AE gea o] AR EFET- VBH-69} VBH-72] 27} Tﬁ%cﬂw 2 me] 59 abo) =5
O %74 & 27} : VBH-6, -11, -12, -14, -16, -17 Qo VBH-100|A= FAS 2973 T uju|dt 3:9] 4k o)
0 &EZF7} ¥ 744 VBH-2, -3, 4,-7,-9,-10 91X E k. o)= =7} 1;].0:1]:“ we} sotez 450
0 A&l 2557} : VBH-8, -13 A= F70lH, MY dEdE BT FHAFAM FoAWEE

RN EEE FeAGERe At 9@ XEF Uz e AR ARdth 74 FellA AFEHE 9w
A FAro] LT A W AARH, G 82 FALHEY FHY FAERE e x}oloﬂ 7]¢15 )
g sub-horizontal @3} LA A7} Qs Aeg g vk wxlEE g EXEA wEQ) Rog sudt. ot
goh A B4 FAF 5o REE 20~21°CE AFE o2 §FHE FUFHL B A E XA EA o] oty
At olopak kel Bajo] 7h5 g Rolch
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Figure 8. Vertical variations of temperature and electrical con-
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Table 4. Comparison of the discharge from the aquifer along the
coastline, per unit width, in terms of the hydraulic con-
ductivity and the groundwater level

. . K h h, q'
Aquifer thickness (m/sec) (m) (m) (m’/sec/m)
Case 1 Groundwater level 130 20 3.85%x107

35x10*
Case 2 Groundwater pressure 394 174 357x10°
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Table 5. Calculation of the seawater-freshwater interface. Value z
means the depth below m.s.l. at the distnace x from the coastline

z (m) :
Distance x (i Case 1 Case 2 From equation (1)
0 439 41 0
3 491 56 12
6 512 63 24
10 533 69 40
20 572 81 80
30 602 90 120
40 627 98 140
50 649 105 200
60 669 111 240
70 688 116 280
80 705 122 320
90 721 126 360
100 736 131 400
120 764 140 560
140 790 148 740
160 815 155 800
180 837 162 920
200 859 168 1000
250 908 184 1160
300 953 197 1760
350 994 210 2800
400 1033 221 3400

% Seepage (outflow) face : Case 1 = 220 m, Case 2 = 20.5 m
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