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ABSTRACT

Groundwater monitoring is commonly practiced with real-time sensors placed in several depth spots in aquifer. However,
this method only provides monitoring data at the point where the sensors are installed. In this study, we developed a
vertical line monitoring system (VLMS) that can provide continuous data of groundwater parameters along the vertical
depth. The device was installed in a well located on the coast of the eastern part of Jeju island to monitor electrical
conductivity, temperature, salinity, pH, dissolved oxygen, and oxidation-reduction potential over approximately 3 months
from September 11 to December 3, 2020. The results indicated that the groundwater levels fluctuated with the tidal change
of seawater level, and the upper and lower boundaries of the freshwater and saltwater zone in the groundwater were
located at below 16 m and 36 m of mean sea level, respectively. There was a large variation in EC values during the high
tide and temperature change was the greatest during flow tide. Although further investigation is needed for improvement
of the device to obtain more accurate and reliable data, the device has a potential utility to provide fundamental data to
understand the seawater intrusion and transport mechanisms in coastal aquifers.
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Fig. 1. Compartments of the Vertical Line Monitoring System
(VLMS).
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R

Well name HW3
Location 33°33'12"N 126°49'19"E
Elevation EL. 11.8 m
Well depth 122 m
Well diameter 200 mm
50 m

. L Monitoring range
Line monitoring

Monitoring period

(12~62 m below land surface)
2020.9.11.~12.3.
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Fig. 2. (a) Location of the monitoring well (HW3) and tidal and meterological station, and (b) the minimum distance between the
monitoring well (HW3) and the coastline. WJ AWS: Weoljeong-ri Automatic Weather Station, JJ TMS: Jeju Tidal Monitoring System, SS

TMS: Seongsanpo Tidal Monitoring System.
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Fig. 3. Core logging and monitoring range of the line monitoring system. The elevations are described as mean seawater level in meters
(EL.m). Logging data are modified from MCT and KAIA (2020).
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Fig. 4. Groundwater level fluctuations at HW3 well during the total monitoring period from September 11 to December 3, 2020 (a), and
fluctuations of the groundwater levels at HW3 well and tidal water levels at Jeju and Seongsanpo Tidal Monitoring Stations (JJ TMS, SS
TMS) during the selected period from October 11 to October 26, 2020 (b). DL is the Datum level for tidal level measurement baseline of

each tidal monitoring station.
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Fig. 5. EC variation with depth and time from September 11 to December 3, 2020.
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Fig. 6. (a) EC and (b) temperature at various depths of the HW3
well from September 11 to December 3, 2020.

Table 2. Vertical EC logging results during the high and low tide

Fig. 72} (dE 20208 10 8 A= AFo|H,
ol Z9WEo] 2 Zg wjol] Z9E Ajgolt). W

Depth High tide on October 1, 2020 (unit : pS/cm)

(EL. m) 01:00 04:00 07:00 10:00 13:00 16:00 19:00 22:00 Average
Fresh  -120 2,541 2,202 2,305 2,460 2,682 2,221 2,190 2,530 2,391
layer  -140 2,655 2,197 2,631 2,700 2,872 2,232 2,203 2,730 2,528

160 11,057 2,198 2,670 3,422 9,699 2,276 2,521 3242 4,636

. 180 11,287 7,819 8343 22,645 12,956 7,160 7815 205557 12,323
l\ig‘;‘elg 300 10476 9272 10451 24998 12,773 9,949 8450 22909 13,660
320 11,070 9229 11309 32,881 14,861 9,900 8,584 29,751 15,948

340 43,687 90,184 36404 48596 44,059 9875 16,583 48398 32,098

Saline  -36.0 47807 43,131 47,703 48,625 47,855 14370 47829 48,534 43232
layer 400 48,881 48785 48,846 49,108 48,857 48859 48752 48965 48,882

Depth Low tide on October 8, 2020 (unit : pS/cm)

(EL. m) 01:00 04:00 07:00 10:00 13:00 16:00 19:00 22:00 Average
Fresh  -120 2,46l 2,748 2,775 2,714 2,712 2,693 2,656 2,446 2,651
layer  -140 2,888 2,941 2,857 2,865 2,963 3,017 2,749 2,846 2,891

160 3,532 8,330 3,462 2,979 3,363 4,129 3,192 3,072 4,007

. 180 14,081 1,043 10,464 9,100 11,440 9,416 9,126 8,046 10,340
Nig‘:e‘g 300 16,827 11,177 11,369 10429 12,128 8,818 9,938 10,584 11,409
320 20267 12815 11,319 10354 12,139 9,683 9818 10,363 12,095

340 47,125 44,165 11,311 10334 16,039 35,570 9,713 10,138 23,049

Saline  -36.0 47455 47,079 43203 46,64 46,585 46,709 45359 46380 46,192
layer 400 48,655 48,575 48,650 48,582 48,535 48591 48,500 48,655 48,594
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Fig. 7. Vertical logging for water temperature and EC at the HW3 well, (a) EC and (b) temperature on October 1, 2020, and (c) EC and (d)

temperature on October 8, 2020.
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2] ECE 3,000 puS/em D]HLE 2ygth 108 19 A

g o, 294 EFIQL ST 16 mol A 34 moll
A ECE i 4,636~32,098 uS/cme] £-¥Z Holn, o]
Tl 108 8Y 2FY uls Hd 4007~23 049 S/
em=z AR WE Uit d5Fel &3 e apdae
—40 mollME AlRlet 25 W HiF 48,594~48,882 uS/cm

2 dAHA A=A

AEERE S 4RI s —16 mollA] 109 1
A A w) HF 4,636 uS/emo]al, 109 8Y ZFA
e H 4,007 pS/em= 629 pS/em E9kTh 18]al, &
Sl SRQl SRl 34 molld S4E ECE 102 1Y
ol = Hit 32,098 uS/em, 109 8Uo= HiF 23,049
uS/em2ZA] 9,049 uS/em =UTH AR Al wirt 25
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S AR EC WSk AvEW, 108 19 vk W)
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Table 3. Vertical temperature logging results during the high and low tide

Depth High tide on October 1, 2020 (unit : °C)
(EL. m) 01:00 04:00 07:00 10:00 13:00 16:00 19:00 22:00  Average
Fresh -12.0 15.7 15.7 15.7 15.7 15.7 15.7 15.7 15.7 15.7
layer -14.0 15.7 15.7 15.7 157 157 15.7 15.7 15.7 15.7
-16.0 159 15.7 15.7 15.7 15.8 15.7 15.7 15.7 15.7
-18.0 16.0 15.8 159 162 16.0 15.8 15.8 162 16.0
Interface  -30.0 16.0 159 15.9 16.3 16.0 159 15.8 16.2 16.0
-32.0 16.0 159 15.9 16.5 16.0 159 15.8 16.4 16.1
-34.0 16.5 159 16.1 17.1 16.6 159 162 17.1 16.4
Saline -36.0 16.9 16.6 16.8 172 16.9 16.2 16.7 17.1 16.8
layer -40.0 17.1 17.1 17.1 172 17.1 17.0 17.1 172 17.1
Depth Low tide on October 8, 2020 (unit : °C)
(EL. m) 01:00 04:00 07:00 10:00 13:00 16:00 19:00 22:00  Average
Fresh -12.0 15.7 15.7 15.7 15.7 15.7 15.7 15.7 15.7 15.7
layer -14.0 15.7 15.7 15.7 157 15.7 15.7 15.7 15.7 15.7
-16.0 157 15.8 15.7 15.7 157 15.7 15.7 157 15.7
-18.0 16.0 15.9 159 15.8 159 15.9 15.8 15.8 15.9
Interface  -30.0 16.1 159 15.9 15.9 159 159 15.9 15.9 15.9
-32.0 16.1 16.0 15.9 15.9 159 159 15.9 15.9 15.9
-34.0 16.8 16.5 159 159 159 16.1 159 159 16.1
Saline -36.0 16.9 16.8 16.5 16.8 16.8 16.8 16.7 16.8 16.8
layer -40.0 17.1 17.1 17.0 17.1 17.1 17.1 17.1 17.1 17.1
S A 2,197-2,232 uS/em, oA 2,198-9,875 Aoz 257t &2 gt ofeiEgdlN Frdse 2t
uS/em, FFSolA 14,370~48,859 uS/eme] XS e} e Aoz Wl
Uitk 109 8Yell= vz o] 4119} 1624160 HrellA B ATollA AMEE HydrolabAle] MS5E EC, &%

2,693~3,017 pS/em, SHONA 4,129~44,165 uS/em, &
oA 46,709~48,591 uS/eme] EXE HYow 7hx
) 1040 B5FolA 2,714~2,865 pS/em, STl A
2,979~10,334 pS/cm, G504 46,764~48,582 uS/cm]
X E et dialgez vkx wle] ECr) 7 u)
Hoh 2 318 & 5 doH, ol vkRA] g9t 1=
Al B}t Bo] Y=L e AS AR FaL it
Table 3& AR wio} 25 wjo] A=W 255 Hlwgh
Foltt. grZo® FEYE LT —12m, —14 moll
A 2= 108 1€k ek 102 sIEE W) 25
15.7°ColA FAI=AL AATE B9 e 102
19 A 15.7~16.4°Co]aL, 10¥ 8= HTA 157~
16.1°C2] elflo] Ak wiyh 25 iR FHo)
0.3°C A% =St} dsolde At 25 o 25
17.1°C AE2 QA FA=Act. =3 108 19 vkx
Alell iEshe 10419F 2240l SEa= 34 m ofef Sl
A 257} it 17.1~172°CEA, ©] 255 tE AR
S 25T 0.6~1.2°C 34T o= vk wfo]] At
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Fig. 8. Fluctuation of groundwater levels and tide during (a) temperature, (b) EC, (¢) salinity, (d) DO, (e) pH and (f) ORP at various depths

of the HW3 well during the selected period (2020.10.11.~10.26.).
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