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Abstract

Water supply is decreasing due to climate change, and coastal and island regions are highly dependent
on groundwater, reducing the amount of available water. For sustainable water supply in coastal and
island regions, it is necessary to accurately diagnose the current condition and efficiently distribute
and manage water. For a precise analysis of the groundwater flow in the coastal island region, sub-
marine fresh groundwater discharge was calculated for the Seongsan basin in the eastern part of Jeju
Island. Two methods were used to estimate the thickness of the fresh groundwater. One method em-
ployed vertical interpolation of measured electrical conductivity in a multi depth monitoring well; the
other used theoretical Ghyben-Herzberg ratio. The value using the Ghyben-Herzberg ratio makes it
impossible to accurately estimate the changing salt-saltwater interface, and the value analyzed by elec-
trical conductivity can represent the current state of the freshwater-saltwater interface. Observed para-
meter was distributed on a virtual grid. The average of submarine fresh groundwater discharge fluxes
for the virtual grid was determined as the watershed’s representative flux. The submarine fresh ground-
water discharge and flux distribution by year were also calculated at the basin scale. The method using
electrical conductivity estimated the submarine fresh groundwater discharge from 2018 to 2020 to be
6.27 x 10° m*/year; the method using the Ghyben-Herzberg ratio estimated a discharge of 10.87 x 10°
m’/year. The results presented in this study can be used as basis data for policies that determine sus-

tainable water supply by using precise water budget analysis in coastal and island areas.
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Fig. 1. Submarine fresh groundwater discharge in coastal area and their parameter.
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Fig. 2. Submarine groundwater discharge each grid.
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Table 1. Observed EC and estimated fresh groundwater depth in each multi depth monitoring well

Name EC No EC sensor level 2018 2019 2020 Average
’ (El. m) (us/cm) (us/cm) (us/cm) (us/cm)
EC1 -11.70 915.00 1,096.92 1,201.33 1,071.08
EC2 -26.70 9,393.83 6,168.67 6,587.33 7,383.28
JDSoosanl
EC3 -31.70 23,980.50 16,058.00 20,076.92 20,038.47
Fresh Groundwater Depth (EI m) -13.62 -14.37 -13.92 -13.97
ECI1 -9.38 1,144.67 1,707.58 1,889.00 1,580.42
EC2 -24.38 1,326.67 1,979.33 2,238.42 1,848.14
JDSoosan2
EC3 -34.38 3,832.67 6,339.08 9,080.50 6,417.42
Fresh Groundwater Depth (EIL m) -27.07 -24.43 -14.15 -21.88
EC1 -9.84 117.33 137.45 138.67 131.15
EC2 -39.84 586.83 550.36 373.25 503.48
JDSoosan3
EC3 -54.84 28,822.50 16,772.64 4,849.42 16,814.85
Fresh Groundwater Depth (El. m) -40.59 -41.18 -45.29 -42.35
ECI1 -10.83 873.33 929.58 1,122.75 975.22
EC2 -20.83 6,939.75 6,075.50 5,885.75 6,300.33
JDJongdall
EC3 -30.83 20,748.17 17,426.83 14,624.50 17,599.83
Fresh Groundwater Depth (EIL. m) -12.68 -12.91 -12.67 -12.75
EC1 -10.51 533.33 586.25 687.25 602.28
EC2 -25.51 2,377.83 1,997.92 3,285.83 2,553.86
JDJongdal2
EC3 -35.51 16,738.75 15,534.50 15,623.58 15,965.61
Fresh Groundwater Depth (EI m) -22.44 -25.51 -18.09 -22.01
ECI1 -9.83 309.00 418.67 411.58 379.75
EC2 -49.83 936.08 842.50 564.83 781.14
JDJongdal3
EC3 -59.83 31,868.92 22,153.08 2,561.25 18,861.08
Fresh Groundwater Depth (EI. m) -50.17 -50.37 -57.02 -52.52
EC1 -1.75 134.36 155.00 193.25 160.87
EC2 -27.75 141.45 427.92 250.17 273.18
JDJongdal4
EC3 -37.75 3,027.27 2,456.58 2,541.17 2,675.01
Fresh Groundwater Depth (El. m) -34.19 -35.50 -35.39 -35.03
OjHess:
AT w7 E HAtsE] flsiA 7709] BE-S 0185191 em, 2 WEgoll A A8 A= Kim and Chang
(2022)0] 222 1151 Table 201 LERCh. 512 Wt 5% W Alel ASmhe S5A% &, Aol slictatel
A=

A2 dz, S5 tH] 2|5k b, 215 ol41 2] 110 G-0] A0 dh+= SleRo] 0o|2tal 7Y stal A-§sit. H A]st
2-0] 710] , = ECE o]&5}o] =45t 71o]9} G-H H]-&9 3t Z1o| & AHESIAITE G-H vl&of| oJet A =7
£ E50] U= 1,000 kg/m’, G0 Wints A 2.9] T549] AR E S Fatste] AR 20189014 20201874
Z}741,023.3, 1,024.3, 1,024.2 kg/m’ 2 47519} ZJo| & 4F45}LE. IDSoosan Al E 2] T&5-5-2 dfijtoll A WEo2 24
= E5A7 AR = A= UeiT Aokr9li=2019'd0] 7 =7 vrelst o™, Z]st-2fo]l et ¥sk= G-H Hl-&<ll

E
:?1:'
-IN'
o
ol‘
m& r
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o2 2Jok=2] o]k 2019'd0] 71 sPok= A 0= UeRit T ECe] 9J_t HAlsk: Zoli= IDSoosan 12 A5t
T919F-20] ko = FASHA UEFL O U, IDSoosan2+= Al o]l whet w2[sl= Z1o]7H 551, JIDSoosan3-2 S}
ZFol= 71 © 2 LERTE IDJongdal AlE 2] T=3oll4+= IDJongdal2 & A|QJohH &0 2 448 ELAI47F AR =
ZAo7 UeF o™, JDJongdal2o|A FAl= T8} Blwsto] ufe- 22 35.10 m/day= YEFTE 2[5kl
JDSoosan AlFT}FASHA 20198 71 =7 UEFEC ™, G-H HI&] o]ofl =45 FA]5k Zlo| & 2019'd0] 71 27|
UeRTh ECO] o5l APgH ©2]ok Z10]= IDJongdal3-& Al £Jskal= 20191 0] 7H WA LreRO L, JDJongdal2 =
2020de] vl-$- =50k A = LR JDJongdal3ollA= Algte] Aol whet gA|ske Zol7t 3} shkshs A e
2 VBT Fig. 4= 27219 550 v7Ri-2 IDWE H1Fslo] Adakg- o2 Vrehlch. &A1 k= 59.80~127.12
m/day 2] 9IS 7HAH, 41 2] B2 84.18 m/day 2 UEISITE. SiSHC =R E 0] A2 dz+=0~7,610.59 me] HLIE 1+
ERAIL §lo, B2 2,867.94 mo|th Z[51] h, =T tHH] 2|51 dh, B5A] T 2= slictollA oolekar 71
Sl BAE1ATE h, dh O] -G99) Bt B=2018, 2019, 20200f] 22 S5 4] 0.80, 1.06, 0.93 m= UERES.
G-H 1|8 oI5t G235} Zlo]o] B BI=2018, 2019, 202010 ZH2F-32.13, -42.49, -37.06 m= LFERGTE ECO|
ot A|5l4=2] B Zo1=2018 -22.60 m, 2019 -22.52 m, 2020 0] -22.53 m & AJ7te] Aol whet A= A
O = UEp:

Table 2. Input parameter for calculate submarine groundwater discharge each monitoring well (Kim and Chang, 2022)

Name k (m/day) dx (m) Year h and dh (El.m) z using EC (EL.m) z using G-H ratio (El.m)
2018 0.78 -13.62 -33.48
JDSoosanl 84.50 821.44 2019 0.91 -14.37 -37.45
2020 0.89 -13.92 -36.78
2018 0.92 -27.07 -39.48
JDSoosan2 86.90 2,103.90 2019 1.20 -24.43 -49.38
2020 1.11 -14.15 -45.87
2018 1.64 -40.59 -70.39
JDSoosan3 97.40 4,764.33 2019 2.25 -41.18 -92.59
2020 1.92 -45.29 -79.34
2018 0.83 -12.68 -35.62
JDJongdall 97.90 1,102.07 2019 0.97 -12.91 -39.92
2020 0.95 -12.67 -39.26
2018 0.99 -22.44 -42.49
JDJongdal2 35.10 2,078.09 2019 1.22 -25.51 -50.21
2020 1.13 -18.09 -46.69
2018 1.42 -50.17 -60.94
JDJongdal3 103.60 4,223.81 2019 1.84 -50.37 -75.72
2020 1.60 -57.02 -66.12
2018 1.61 -34.19 -69.10
JDJongdal4 158.40 6,833.24 2019 221 -35.50 -90.95

2020 1.79 -35.39 -73.97
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Fig. 4. Parameter distribution of study area.
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(MLIT, 2015)"ollA AF5 -Gode goFE-2- 08510 2018~202019 2] 7S t51ArkKim and Chang, 2022).

Table 3. Comparison of estimated SFGDs and recharge in study area

Submarine Fresh Groundwater Discharge Recharge (x10° m*/year)

Year EC method G-H ratio method SCS-CN SWAT-K

Average flux Discharge Average flux Discharge (Kim and Chang, (Kim and Chang,

(m¥/day) (x10° m*/year) (m?/day) (x10° m*/year) 2022) 2022)
2018 0.59 5.39 1.16 10.57 173.87 122.98
2019 0.79 7.19 1.51 13.78 177.39 142.72
2020 0.68 6.24 0.90 8.24 171.68 122.21
Average 0.69 6.27 1.19 10.87 174.31 129.30
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Fig. 5. Submarine fresh groundwater discharge flux (g, (i, ) distribution of study area.
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