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주 요 내 용

등록

및

개회

13:30 ~ 14:00 30 ⚪등록

14:00 ~ 14:30 30

⚪개회

- 개회 및 참석자 소개, 국민의례

- 개회사(제주연구원장), 환영사(한국지질자원연구원부원장)
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14:30 ~ 15:10 40

⚪기조강연(우남칠 교수, 연세대학교)

- 제주 지하수의 지속가능성

휴식 15:10 ~ 15:20 10 Break time

주제

발표
15:00 ~ 16:40

25
⚪김용철(한국지질자원연구원)

- 해안지역 담-염수 경계면 모니터링 방법 비교연구: 제주 동부지역 사례

25
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휴식 16:40 ~ 16:50 10 Break time
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토론
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⚪종합토론

- 좌장

 • 김태윤 상임의장(제주특별자치도 지속가능발전협의회)

- 토론자

 • 박남식 교수(동아대학교)

 • 장선우 수석연구원(한국건설기술연구원)

 • 서상기 본부장(한국농어촌공사 제주지역본부)

 • 이영웅 사무처장(제주환경운동연합)

폐회 17:50 ~ - 폐회

 ※ 상기 일정은 진행 상황에 따라 변경 가능
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What is 
the Freshwater-Salt 
Water Interface?

JRI-KIGAM 학술교류 세미나 발표자료집 … 7



Freshwater-Saltwater Interface in Nature

- The less dense freshwater rises up over the more dense seawater 
- The interface could be moderately sharp or most often diffuse

3

4

Dynamics of FW-SW Interface

Major Driving Forces

Daily tide 

Seasonal precipitation or droughts

Global sea level rise

Artificial pumping or injection (MAR)

N
atural force

Artificial force

8 … 2022년 세계 물의 날 기념



5

Interface moves down at low tide
& moves up at high tide

Tide
Ocean tide 

by the Moon & the Sun

Dynamics of FW-SW Interface

6

Groundwater recharge
Recharge of water 

from precipitation, snow and ice
Water table rises pushing the interface 

seaward with groundwater recharge

Low groundwater levelLLLLLLLLowLowLowLLowLowLowLowLowLowLowLLowLLLowLoLLLowLLLLowLLLowLLoLoowowwLoowLowLowwLowLowLowwLowwwLowoowwwwwwLowowwwwowLooooooowLowwwwowwwwwwwLLLoLoLoooooowLowwwLowLowLLLoLoLLLL gggrgggggrrrrgrrgggrrrrgrrgggggrrrrgggggrgrrrgrrgggggrgrggroououounnounounounoooooooooooounnounounnooooooooounounnooo ddddddddddddddddddddddddddddddddddddwdwdwddddd aaadwadwaddwdwadwawawawwwattttttttttttttttttttterterttteeeerter lllelllllllell velvelHigh groundwater level

(source: 
http://www.spokaneaquifer.org/aquifer/
what-is-groundwater/)

Dynamics of FW-SW Interface

JRI-KIGAM 학술교류 세미나 발표자료집 … 9



7

Groundwater Abstraction

• Intense groundwater pumping causes 
saltwater intrusion

• Saltwater intrusion diminishes the 
groundwater resource

Sustainable groundwater useuuuuuuuuuuuuuuuuuuuuuuuuuuustststtttttttsttttstttstttttttsttttttaiaiaaiaiaiaaiaiaiaiaiaiaiaiaiaaaaaaaiaaiaaaaaiaiaaaaaa nanananananananannananananananannanananan blblbblblblblblblblblblbllbblblblbblblbbb eeeeeeeeeeeeeeeeeeeeee grgrgrgrgrgrgrgrrgrrrgrgrgrgrgrgrgrgrgrgrgrrrgrggrrgrgrgrggrggrrgrgrgrgrgrrggg ouoououououoooooouuouuuuoooooouououuuouuuoooouoouuouuoououuouo ndndndndnddddddndddddddddndnndndndnnddndndndndndndndndnddndndndndndnndnddnndndnddwawawawawawawawawawaawawawaawawawawawawawawaawawawawawawwwwawawwwawww tetetetetetetetteteteteeteteteteteetteetetetteeter r rrrrrrrr rrrr usususususususususususususususussususuususuusseeeeeeeeeeeeeeeeeeeeeeIntense groundwater use

Dynamics of FW-SW Interface

8

Global Mean Sea Level Rise

Global mean sea level is projected to rise by 0.2 ~ 1.0 m in 2100

Several centimeters of mean sea level rise 
Could bring the interface into play several kilometers inland

(source: IPCC 5th Report, 2013)

High mean sea level

Source: www.globalchangeblog.com

Dynamics of FW-SW Interface

Global mean sea level is projected to rise by 0.2 ~ 1.0 m in 2100

10 … 2022년 세계 물의 날 기념



Monitoring methods for
Freshwater-salt water interface

g
Freshwater-salt water interface

10

Single Sensor Method

• Only provides information as to whether the 
interface is somewhere above or below the 

sensor

Multi-sensor method

• Data gaps or blind zones still exist between sensors
• Adding more sensors becomes problematic from a 

cost point of view

JRI-KIGAM 학술교류 세미나 발표자료집 … 11
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Geophysical logging

Photo source: ww.deq.state.va.us/

Interface zone

• It provides the exact location It provides the exact locatioI
and width of the interface 

Freshwater zone

Salt water zone

Interface zone

• But, info like snapshot in time 
•

But, info like snapshot in time BB
Repeated logging is not practical Repeated logging is not practiR
in time, cost and man power

12

Indirect method

Ground Water
Volume 45, Issue 6, pages 723-728, 5 JUL 2007 DOI: 10.1111/j.1745-6584.2007.00349.x
http://onlinelibrary.wiley.com/doi/10.1111/j.1745-6584.2007.00349.x/full#f1

Two fixed sensors, one in the freshwater 
and the other in the salt water zone

- Assumption of sharp interface

But, diffuse interface is much more 
common in real field setting

EC( S/cm)

El
ev

ati
on

 (m
)

Calculated interface

Tr
an

sit
ion

 zo
ne

Source: Jeju Water Resources Headquarter
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Floating egg vs Interface tracker

• Density difference btw freshwater and saltwater is small, 0.025 kg/L. 

Freshwater

Interface Tracker

Saltwater

• This density range seems rather small to cut into, butThis density range seems rather small to cut into, but
it is designed to provide the necessary fine density adjustments neededd

Simple

Buoyancy adjustable

Actual interface location

Real time monitoring

Accurate and cost effective

Ideal for early warning of SWI 

Comparative case study 
of coastal aquifer monitoring 

at eastern Jeju

p y
of coastal aquifer monitoring 

at eastern Jeju

JRI-KIGAM 학술교류 세미나 발표자료집 … 13



1515

Location of demonstration site

Handongng-g-1Handon
Handong

on
ngng-

1gonngg
gg-2

Geophysical logging method
EC logging data

(from Jeju Water Resources Headquarter)

• Period: 2001-2011

• Logging : 30 times (HD-1), 
24 times (HD-2)

• Snapshot of vertical profile at 
a specific time

• Exact location of water 
table/upper and lower 
interface boundaries  

• Temporal change can be 
known only when comparing 
with previous data

Freshwater lens thickness

Transition zone thickness

14 … 2022년 세계 물의 날 기념



Freshwater lens thickness (2001-2011)

Transition zone thickness(2001-2011)

•

Geophysical logging method

Water table

Upper interface

Lower interface

Multi-depth measuring method (HD-1)
Groundwater level

Electrical Conductivity

JRI-KIGAM 학술교류 세미나 발표자료집 … 15



Multi-depth measuring method (HD-2)

Groundwater level

Electrical Conductivity

Monitoring method using “Interface Tracker” probe:

Interface 

Tracker

Fixed depth

35.4 m bgl

~ 54.5 m bgl ~ 56.3 m bgl

74.6 m bgl

45 m bgl

~ 93.7 m bgl

~ 101.8 m bgl

125 m bgl

16 … 2022년 세계 물의 날 기념



21

Field Demonstration of Interface Tracker

21

• HD1, Jeju

Observed period (2013.8.7-2013.12.5.)

First time series data ever showing actual FW/SW interface depths!!!

Real Time Data and Images

22

First location

Elapsed time (min)

Tide level
Groundwater Table level
Interface level

EC at a depth of -55.3m
EC of Interface tracker

The interface tracker iss proven to 
act as a constant-density tracker

The video shows clearly that the 
interface tracker is following real-
time fluctuations of interface

JRI-KIGAM 학술교류 세미나 발표자료집 … 17



Monitoring method using “Interface Tracker” probe (HD-1)

Monitoring method using “Interface Tracker” probe (HD-2)

18 … 2022년 세계 물의 날 기념



Monitoring method using “Interface Tracker” probe :

Station HD-1 HD-2

Tide-GWL 80min (0.98) 145min (0.87)

Tide-IF_upper 370min (0.21) 145min (0.85)

Tide-IF_lower 680min (0.45) 380min (0.57)

Cross Correlation Analysis

Comparison btw multi-depth vs interface Tracker

JRI-KIGAM 학술교류 세미나 발표자료집 … 19
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Potential Configuration of Early Warning System 
for Salt Water Intrusion 

Real time monitoring data and 
wireless transfer device

Prospecting 
model(ANN)

Prospecting 
FW/SW Interface

Salt Water Intrusion 
Early Warning System

Conclusions
• Various methods are used to monitor fw-sw interface at two coastal observation 
wells in Jeju

• Comparative study shows that Interface Tracker can be a good method for temporal 
monitoring fw-sw interface

• Temporal change in the thickness of the freshwater lens and the transition zone can 
be calculated using a combination of another interface Tracker and depth-fixed 
sensors

• It can be utilized as an early warning system for saltwater intrusion and/or 
freshwater decline when the probe is integrated with a predictive numerical model 
and a remote communication technology

20 … 2022년 세계 물의 날 기념
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• ,  1980 , 8 km 

•

- ( , 1986)

- ( , 1986)

- ( , 1988; , 1989; Choi et al., 1991; , 2007)

- ( , 1997; , 2003)

- ( , 2009)

4

( , , 2017)
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( , 2017)

z = 40 hf (pf : 1.0 g/ , pS : 1.025 g/ )

( , , 2020)

6

(-16m)

(-36m)
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SGD ?

( , 2020)

8

GALDIT

SEAWAT , -
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• -

• , 1

→ 

• - , (SEAWAT)

→ 

• - -

• (2002 ) , 
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( , , 2017)

( , 2018)

•

•

14
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18

JD 1 ~ 4 (2019)

HD1 (GL : 14 m)

1.0 km

HD2 (GL : 42 m)

HD3 (GL : 113 m)

HD4 (GL : 191 m)

2.9 km

6.2 km

10.6 km

GWL

17
9 

m

14
9 

m 16
0 

m

16
1 

m

19
1 

m

11
3 

m

42
m

14m

T-Z : 52-67m(bgs)T-Z : 74-85 m(bgs)T-Z : 175-185 m(bgs)

Sea Levelh = 3.06m h = 1.23m h = 0.86mh = 6.75m

z = 67m z = 38m z = 45mz(cal) = 270m

A 52.4A 30.7A 21.9
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1 ~ 4 (2018-2021)

HD1 (GL : 14 m)

1.0 km

HD2 (GL : 42 m)

HD3 (GL : 113 m)

HD4 (GL : 191 m)

2.9 km

6.2 km

10.6 km

GWL

17
9 

m

14
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m 16
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16
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19
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11
3 

m

42
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14m

T-Z : 48-56m(bgs)T-Z : 64-74 m(bgs)T-Z : 175-185 m(bgs)

Sea Level

A 45.8 ~ 52.4A 24.8 ~ 37.8A 21.9 ~ 27.0

2018

2021

2020

2019

1 ~ 5 (2021)

JD1 (GL : 15 m)

JD2 (GL : 53 m)

JD3 (GL : 101 m)

JD4 (GL : 167 m)

GWL
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15 m
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Sea Levelh = 1.48m 1.08m h = 0.90mh = 1.66m

z = 61m z = 22m z = 17m

JD5 (GL : 201 m)

14
9 

m
20

1 
m

h = 2.42m

z(cal) = 88m

A 18.9A 20.0A 41.1

z = 33m

A 19.7

T-Z : 196-204 m(bgs)

2.0 km

3.4 km

6.6 km

10.1 km

12.8 km
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HC1
z/h z/h

JD1 JD4
z/h z/h z/h z/h

HD1 HD2 HD3
z/h z/h z/h

1 2 3
z/h z/h z/h

, G-H ratio 
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HD1 HD2 HD3
h z z/h h z z/h h z z/h

20021)

2018
2019
2020
2021

1) , , 2017

(2002 )

SS1 SS2 SS3
h z z/h h z z/h h z z/h
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3) ?

4) ?

( , , 2013)
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5) ?

(i.e., 35.3 → 25 PSU)

(1.025 → 1.012 g/ )

G-H ratio (40 → 58.1)

G-H ratio of HD1 : 48.2 – 52.4

G-H ratio of HC1 : 33.3 – 51.3

G-H
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JRI-KIGAM 학술교류 세미나

제주 지하수의 지속이용 가능을 위한 과학적 진단 및 관리방안 모색

기후변화에 따른

제주 지하수위 변동 특성

김지명 제주연구원 제주지하수연구센터
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Groundwater : making the invisible visible

2021 12 ~ 2022 2

4

58 … 2022년 세계 물의 날 기념



5

2021 76.2 ( -108.5 )
22.8 ( -8.0 )
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Long-term trend analysis
for Groundwater level

Groundwater level 
decline locations

Response Surface Method

Global Sensitivity Analysis

Locationon-n-specific Influence Locatioonn pecific Influenceps
Quantification (P and U) 

Least Trimmed Squares GL
(Hourly)

Precipitation
(Hourly)

Usage
(Monthly)

Time Series Data

Spatial Data 
(Land use, Geology, etc.) 

64 … 2022년 세계 물의 날 기념



17

18

JRI-KIGAM 학술교류 세미나 발표자료집 … 65



19

66 … 2022년 세계 물의 날 기념



MEM



MEM



MEM



MEM



MEM



MEM






