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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

Ground Surface

Water tabl

Sea water level

Freshwater
(density = 1.000) g =il

Klw A M Korea Institute of Geoscience
\ﬂ and Mineral Resources 3

Dynamics of FW-SW Interface

Major Driving Forces

Daily tide

Seasonal precipitation or droughts

Global sea level rise

Artificial pumping or injection (MAR)

K’(/' AN o e of Geoscence |
) and Mineral Resources
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" Dynamics of FW-SW Interface >
Tide

Ocean tide Interface moves down at low tide
by the Moon & the Sun & moves up at high tide

High tide

Saltwater
(density 51.025)

Klw A M Korea Institute of Geoscience
J and Mineral Resources 5

 Dynamics of FW-SW Iterface >
Groundwater recharge

Recharge of water Water table rises pushing the interface

from precipitation, snow and ice  seaward with groundwater recharge

2

Evapotranspiration

3338

\ Freshwater

Saltwater Ha

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

Kl(,' A M Korea Institute of Geoscience 6
‘4 and Mineral Resources
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"~ Dynamics of FW-SW Interface >
Groundwater Abstraction

St Intense groundwater use

Saltwater

* Intense groundwater pumping causes
saltwater intrusion

Saltwater intrusion diminishes the
groundwater resource

Photo by California Department of Water Resources

Klw A M Korea Institute of Geoscience
J and Mineral Resources 7

" Dynamics of FW-SW Inferface >
Global Mean Sea Level Rise

Global mean sea Ievel rise

1.0

High mean sea level

0.8

06

(m)

Sea level rise

0.4

0.2
L Saltwater

Source: www.gloffalcl

ool L : :
2000 2020 2040 2060

1
2080

2100

1 Year
(source: IPCC 5% Report, 2013)

Several centimeters of mean sea level rise
Could bring the interface into play several kilometers inland
Global mean sea level is projected to rise by 0.2 ~ 1.0 m in 2100

Global mean sea level is projected to rise by 0.2 ~ 1.0 m in 2100
KIGAM <5isesss= | 8

Freshwater
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Monitoring methods for
Freshwater-salt water interface

Multi-sensor method

Freshwater

Saltwater Freshwater
i

Creation of blind zone

Saltwater (

Freshwater

Data gaps or blind zones still exist between sensors
» Adding more sensors becomes problematic from a
«  Only provides information as to whether the cost point of view
interface is somewhere above or below the
sensor

Saltwater

K’w A M Korea Institute of Geoscience
d and Mineral Resources 10
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Geophysical logging

* It provides the exact location
and width of the interface

* But, info like snapshot in time
* Repeated logging is not practical

in time, cost and man power
.. ———= |

- ww.deq.state.va.us/

EC(us/cm)

Lo v xoe w0 w0 s

GIVEL 1

A

4 — Freshwater zone
Sé‘ = 46

“ = _"3“’—{ Interface zone ‘
50 ',.__.____f_ ~k3 Py
Ew » E
~ =
d 70 4 | % ‘05;.

-80 1 % Q

| -

— Salt water zone

-100 = 118

| -

=120 { 136

"

140 ‘ 1%

,,,,,,,,,,,,, |
-150 166

KIGA

Korea Institute of Geoscience 11
and Mineral Resources.

Indirect method

Two fixed sensors, one in the freshwater
and the other in the salt water zone
- Assumption of sharp interface

vecharge

ALEHL PR

ground surface -

water-level at high tide
[phreatic _S;l,[_fy_t_t _______ water-level at low tide
I T — high tide
m| ||| TR
low tide
"N interface at high tide
53 NG .
____________________ interface at low tide
-
|| pressure transducer
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#1

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

EC(uS/cm)

10000 20000 30000 40000 50000

Elevation (m)
Transition zone

-120 — —3|
Source: Jeju Water Resources Headquarter

KIGA

Korea Institute of Geoscience 12
and Mineral Resources.
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Floating egg vs Interface tracker

____Freshwater

Freshwater

v' Simple

v' Buoyancy adjustable
v" Actual interface location

* This density range seems rather small to cut into, but ¥ Real time manioring

it is designed to provide the necessary fine density adjustments needed ¥ Acourate and cost effective

v' Ideal for early warning of SWI

Klw A M Korea Institute of Geoscience
J and Mineral Resources 13

Comparative case study
of coastal aquifer monitoring

at eastern Jeju

JRI-KIGAM .. 13




Location of demonstration site

Sea water intrusion
Monitoring station

@ Tide level
" monitoring
station

KITGAM ©: et seosence
J and Mineral Resources 15

Geophysical logging method

EC (Handong-1) EC (Handong-2)

EC{s /on) EC(s /cn) EC Iogglng data
i 10,000 20,000 30,000 40,000 50,000 0 10000 20000 30,000 40,000 50,000
0 L B 0 ‘ ‘ ' ' ‘ 3 (from Jeju Water Resources Headquarter)
0 A= 16
| 0 43
fltli - % * Period: 2001-2011
. Freshwater lens thickness 5 -10 53
L 20 63 Logging : 30 times (HD-1
il B Transition zone thickness 5 gg_ 9 ( )
o = 4 —— e 20 . 7 24 times (HD-2)
=0 5 Z w0 5 = . .
- - z B Snapshot of vertical profile at
= 50 3 E i -
- S | @ specific time
= &b Z -60 103 &
B0 [ = o .
g £ = a Exact location of water
g " g " " table/ dl
o e B 5 123 aple/upper an ower
o - A i
£ a interface boundaries
@110 126 50 133
()
we 195 100 143 Temporal change can be
-1a0 146 q
110 153 known only when comparing
EE 155 . .
i - 20 163 with previous data
— e — e DT —aniEeT ——COND(030602) COND(030411) COND(020616)
; —COND(030627) —COND(030729) ——COND(030830)
:28) com(os122 ——COND(030929) — COND(031029) —COND(031126)
COND(031224) COND(040129) COND(040225)
LLLICY COND(040323) —— COND(040428) COND(040519)
——COND(040810) — COND(041015) COND(041125)
Pl Ptk Pt COND(041215) — COND(050516) ——COND(060419)
ot — COND(060213) —COND(060808) — Cond(070514)
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Geophysical logging method

2 | Handong-1

T . |

S Water table

T e N eee e teee
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Long-term EC Logging data:

» Discrete change not showing sinusoidal pattern of tide

Freshwa"ier Lens
Thicknéss (m)
L]

Freshwater lens thickness (2001-2011)
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Multi-depth measuring method (HD-1)

EC (Handong-1)

EClus/en)
0 10,000 20,000 30,000 40,000 50,000
01 . ! L ! L g
o ‘l = 16
-0 i 26
-20 3
-0 45
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£ -0 9% =
® E
g 106 =
E =
5-1m 16 &
2 | a
=110 128
2 (
= | 136
}
Bkl 1 146
140 |
I
BE1] 166
——COHD(080602) ——COHD{030410) COMD(C20114)
)
——Cop(081128) CohD(081224) —— conD(040129)
)
——COMD{041015) COND(040702) OOMD(041125) —— COND(041215)
) )
] 7 ) —— Cond( 100318)
Cond(100914) Cond(101221) Cond(2110825) Cond(110824)
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Groundwater level

)
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Multi-depth measuring method (HD-2)

EC (Handong-2)

EC(ss fon) Groundwater level
0 10,000 20,000 30,000 40,000 50,000 25
10 . . L . L 33
72
0 43 2
2
£
-10 53 38
2
-20 62 § 1
2
-30 73 3 L
_ 505
£ 40
i
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=
E -60 - Electrical Conductivity
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-70
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-100 o
. ey
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=== g I~
120 163 60,000
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— COND(060213) —COND(060808) — Cond(070514)

Monitoring method using “Interface Tracker” probe:

EC (Handong-1)

Installation depth

EC (Handong-2)

EC(xz/cm) EC(us /cn)
0 10,000 20,000 30,000 40,000 50,000 0 10,000 20,000 30,000 40,000 50,000
10 . - - - - 6 10} . . \ \ . 33
0 LL$ 18
35.4 m bgl 0 ki #
-0 - = 45 m bgl Interface
-10 53
-0
° Tracker
Zn -20 63
~545mbgl , ~563mhbgl .
-0 —— — -30 Fixed depth [ 73
-0 z =
E 40 83 )
- | g 50 3 E
74.6 m bgl g =
P ¢ = 5 =
= Ey 3 -60 103 &
'En -0 = E 2
-70 113
g k-1
£ B
5o @ -80 123
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> 90 i 133
2
2 | ]
-100 143
Rkl S
. -110 J ‘ 153
Lo 420 - 163
S — T P p—— T ——COND(030602) COND(030411) COND(020616)
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1 COND(040323) — COND(040428) COND(040519)
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) d — Cond(m0318) —COND(041215) — COND(050516) ——COND(060419)
Cond( 100914) Cond( 101221) Cond(20110525) Cond(110824) — COND(060213) — COND(060808) — Cond(070514)
COND(010812)
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Field Demonstration of Interface Tracker

* HDI, Jeju
First time series data ever showing actual FW/SW interface depths!!!

Observed period (2013.8.7-2013.12.5.)
3 I_Tide ——GWL —IFL  —lLense _Rainfall—|

E
o 2 \ A
= i |f|1 i "'Mm ! ,"me e w‘“‘r UL v Py
e b '.M“ﬂ A RTAR Ml ”"’lllhnw'\|'|I\|\r|ﬁhlmwfr
g 1
43
-
o4 @
-39.5 42 E
- 3
= 41
g 07 200 »
&
-40.5 - 100%
o 2
I T T ¥
03-Sep 18-Sep 03-Oct 18-Oct 02-Nov 17-Nov 02-Dec

K’w A Korea Institute of Geoscience
J and Mineral Resources 21

Water Level (EL, m)

Real Time Data and Images

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

""" > @Tide level
~* @ Groundwater Table level . .
_____ - :,n;:ﬂgc:vfe\e,; avleleve The interface tracker iss proven to
act as a constant-density tracker

¢ 5 __—~® EC ata depth of -55.3m
, -~ _,@ EC of Interface tracker

K’(/' Korea Institute of Geoscience
‘4 and Mineral Resources 22
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Monitoring method using “Interface Tracker” probe (HD-1)

— GWL — Tide IFL_upper IFL_lower — Rainfall |
3
E
T
o
-
% 1
g ~ 404
o G
406 T
L w
41.5 - —-40.8
£ BANAAANA A AR A WL E
E 42 — 10 g
e 5 &
425 - L L J £
T T o T T ! T 0 14
9113114 9/18/14 9/23/14 9/28/14 1013114 10/8/14
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E45|—Llens —IF_thickness r2
a £
g 2
< 43 F15 ¢
— =
£ L
o £
c
[T
9 425 ‘ ‘ ‘ ‘ ‘ - 1=
9/113/14 9/18/14 9/23/ /28/14 103114 10/8/14

14 9,
Date(mm/dd/yy)

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

— 39— GWL —Tide IFL_upper IFL_lower — Rainfall |
£ 1
g 2
K]
2 — 485
0 I B
a9 =
L w
61 L1495
T 15 g
E_ I
o 62 Nt e A N st PR PNNNANNNNINA e P 10 £
1 [ ©
e b |L1 | DO
[v}
T T — T T ! T 0 x
9/13/114 9/18/114 9/23/14 9/28/14 1013114 10/8/14
Date(mm/ddlyy)
518 | —Lens —IF thickness | B
% £
g @
c [
£ 51 L13 £
] S
s £
g [T
505 ‘ ‘ ‘ ‘ 125
9113114 9/18/114 9123114 9/28/14 10/3/14 10/8/14

Date(mm/dd/yy)
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Monitoring method using “Interface Tracker” probe :

—T-IF_upper —T-IF_lower A —T-G —T-IF_upper —T-IF_lower

correlation coefficient
Lag time(min)

correlation coefficient
Lag time(min)

1 -1
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)

Comparison btw multi-depth vs interface Tracker

—
£
3 2
H
g1
H a6
0
s
415 408 41 495
£ WN\MH’VV‘N\AFV\/\/V\WWMNW v EE %
i ’Vm E 72 0
T L l :
R - LL 1 ‘ I I F— ;" L .
9113114 9/18/14 9123114 9/28/14 10314 107814 913114 9/18/14 912314 928114 1013714 10/8/14
o
= EC (Hand -2
EC (Handong-1) Mult| depth (Handong-2)
0 0
10,000 10,000 \/‘ I‘
I |
” IW{W‘M\ | “‘NM
20,000 | H’u""“ﬂr“\ TIIEVET) T __ 20,000 ! il
§ VTN €
S LUV I ! S
§3c,uoo . (AT LA VAR e Eac,ouo
E -3164m <
40,000 -4164m 40,000 — L
-6164m
50,000 oreeam 50,000
60,000 60,000
09/13/14 09/18/14 09/23/14 09/28/14 10/03/14 10/08/14 09/13/14 09/18/14 09/23/14 09/28/14 10/03/14 10/08/14
DATE (mm/dd/yy) DATE (mm/dd/yy)
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Potential Configuration of Early Warning System
for Salt Water Intrusion

o 6 #

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 warming system for saltwater intrusion and/or
freshwater decline when the probe is integrated with a predictive numerical model
and a remote communication technology

20 ... 2022
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SGF_DEP(m)
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v" Groundwater level distribution

543 $EYE

v' Distribution Characteristics 4
of Underground Lipids

Relationship between
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I Analytical results for water quality criteria (for recent 3 years)
> microorganism 8 Items
s Water Quality 2019 2019 2020 2020 2021
Criteria First-half  second-half  First-half  second-half  First-half
Paycloplilic <20 CFU/mL ND ND ND ND ND
General Bacteria
bacteeria aokils
NS <5 CFU/ML ND ND ND ND ND
bacteria
Total coliform BDL/250 mL ND ND ND ND ND
Fecal streptococci BDL/250 mL ND ND ND ND ND
Pseudomonas aeruginosa BDL/250 mL ND ND ND ND ND
Salmonella BDL/250 mL ND ND ND ND ND
Shigella BDL/250 mL ND ND ND ND ND
Clostridium perfringens BDL/50 mL ND ND ND ND ND
ND : Not detected

JTP xize2cma

S 2|

ADH % ALDHERI =7} HEZEA Desalinated underground seawater of Jeju Island (Korea)
o A — improves lipid metabolism in mice fed diets containing high
fat and increases antioxidant potential in #BHP treated
HepG2 cells. Nuir Res Pract4(1), 3-10(2010). Jung—Ran Noh etal

2H XA N0 CHSE ofF| B3}, MEZE40| et E= 25t

Lo HPE elolFo] Ml 717} L6 ZRME e 44 S0 Dixis
8 5d 0ieA) A3 JMed. Life Sci. 6(1), 23-28 (2017).
ZHAZ020| BEY 48 XT50] $F LCT STE LEEH J(0f

Beneficial effects of desalinated Magma Seawater in ameliorating
Thicacetamide—induced chronic hepatotoxicity. Biotechnology
and Bioprocess Engineering 24, 126-134(2019). Hyunjoo Lee et al.
=M S ES 0N 21540 7t EA M &5 B0l
CIL M.S|ERET E R
LT PREMIE (dermal [H;h ced
ZA|| Ox = 3t

Magma seawater inhibits hepatic lipid accumulation through
suppression of lipogenic enzymes regulated by SREBPs in
thioacetamide—injected rats. Marne dugs 176), 317 (2019).
Minji Woo et al.

SNt 2 XIE ALY DIX|= S& A — X1 EYH

sl 54 B =X1

“nil_l_;

ST 2 RSB K 35

e

ol

Mineral-rich Jeju lava sea water suppresses lipid
accumulation in 3T3-L1 adipocytes and ameliorates high—fat
diet-induced obesity in C57BL/6J mice. Food Sci Biotechnol
30, 299-304(2021). Hyun, Y.J. et al.
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Sl Y g4

2008 St HISIA-1R QIR Oi7 201614 1 2qCiistul 21247 [SAZHTIIE AlF OFHE 7t
Weight change due to repeated administration of lava water using ICR mouse CH3| 247 E0 A|30] 2t 2 2= 22 WP
group Dose —_ Weight(z) Meanz SD Control 8 mikg 14 mkg 20 mikg
(administ  u/ltime MF - =R
" afion) day rate  0day 1day 3day Tday 14 day F
B Intid weight (g) 27.86=0.62 27862061 21842053 27842033
Ty W0 = WSS SED RSB m S Find weight (9 M0 0ITH08 WIHL0H 3027069
Lava seawater 700 - 010 LD 302415 31808 3BRI2 34614 Body weight gain (%) 1293158 9.7720.69 9.03=124 869=1.19
Lava seawater 700 - 010 30515 31112 3015 34100 35817 Food Intake (g day) 4352066 4052058 392051 3942077
M O040° M ME4 Tl 8R4 41010
2% ™ F 010 268610 270514 29583 314 BEI Mok
A SO Iniid weight (¢) 096£048 33022052 300063 3300053
Lava seawater o M 010 36714 F2E1T  ISA6 38920 4061 i . s 2 ¥
(mSiem) F 010 D86 BED  NVEIS 0X3 D63 Fid weight ) T8£00 3 el s 3 L% = “_’5
evronmliet NGl GO R MoNe CGEDH WS Bodyweigtgan(®) 12832241 8532466 1081151 1585£257
(©2mSen) 0 b a7 MLEIS deds R BEL Food Inteke (¢dzy) 502059 4852072 4752061 5082088
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- AST, ALT, blood urea nitrogen (BUN),
creatinine kinase (CK) S0| &4
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v 23 SA80| g
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v 2SN - BRHES] AUSY oS
/ U3 27 5018 S8 54 913

OtEm| mjs

ol tiEt &5

= SCORAD K| Zi4,

o] HEE (48

Jeju Magma—Seamater Inhbits o-MSH-Induced Melanogenesis via
CaMKKB-AMPK Signaling Pathways in B16F10 Melanoma Cells. Varine
drugs18(9),473 (2020). Minhyeok Songn etal

a-UBUME X2 3220 OJaH SEE Wap MM

OIEN M 2 NC/Nga HF0f Ciet SYdlisol S0t 4727/
0/85/2/%/11(2),5-24 (2017). AT 5.

Xz Setolo| T HE S A [f5isFEs)S)K 424
349 (2016).0|4E 5. Ot 2| mA|L,

I BEE AXEY & 37HA E57180 =&

O — &L A ARIR} X|2
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Effects of balneotherapy in Jeju magma-seawater on knee
osteoarthritis model. Scientific Reports 10, 6620 (2020).
Choong-Gon Kim et al.
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HFE 8Yalisz2 K4E HWE £589 ¥ ¥ B& 8% J Soc.
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Anti-melanogenesis activity of Eckionia cava extract cultured in
tanks with magma seawater of Jeju Island. 7he Korean Society of
Phycology 34(2), 177-185 (2019). Ding Yuling et a/ =33t Z204, 4
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Fig. 5. EC variation with depth and time from September 11 to December 3, 2020. (BZE 9|, X[t EYEHE, 2020)
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Fresh water/

WGl

Table 2. C o with CI”
Reference Classification Range of CI concentrations (mg/L)
Fresh <150
Fresh-brackish 150~300
Stufaznd (1986) -
Brackish 300-1,000
Brackish-salt 1,000-10,000
Fresh <400
Vengosh and Rosenthal (1994) Brackish 400-4,000
Saline 4,000~19,000
Brine. >19,000

<& 2-16> CI/HCO, 280l oft =0 o8t 2HHT

Fresh water/
Other

Sea water Intrusion

Fig. 6. Systematic analysis of seawater intrusion using EC and
chemical and isotopic compositions of groundwater in coastal area.

(AEE 2, X323, 2017)
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30 Results and Disclussions

° e |
» X|EE, A 7|8 G-H ratio 2}
EJONEL HD1 HD2 HD3
h z z/h h z z/h h z z/h
2018 0.75 37.58 50.1 1.00 37.76 37.8 2.50 67.11 26.8 <2021.03.10>
2019 0.86 45.08 52.4 1.23 37.76 30.7 3.06 67.11 21.9 HD1 0.65m
2020 0.82 37.58 45.8 1.10 27.26 24.8 2.62 67.11 25.6 HD2 0.80m
2021 0.78 37.58 48.2 1.02 27.26 26.7 2.49 67.11 27.0 HD3 2.04m
JD1 JD2 JD3 JD4
EAAI h z z/h h z z/h h z z/h h z z/h
2018 0.83 171 20.5 0.99 25.6 25.9 142 47.0 33.1 1.61 327 20.3
2019 0.97 21.3 22.0 1.22 25.6 21.0 1.86 60.8 32.7 2.20 57.7 26.2
2020 0.95 171 179 1.13 21.6 19.1 1.60 60.8 38.0 1.79 32.7 18.2
2021 0.90 171 18.9 1.08 21.6 20.0 1.48 60.8 41.1 1.66 32.7 19.7
<2021.03.10>
TAA 7] ERY 952 923 JD1 0.79m
h z z/h h z z/h h z z/h D2 0.93m
2018 0.79 21.60 27.3 0.92 34.00 37.0 1.65 46.90 284 <2021.03.10> D3 1.13m
2019 0.91 25.10 27.6 1.20 16.50 13.8 2.25 53.15 236 $S10.67m D4 1.18m
2020 0.90 21.60 24.0 1.1 16.50 14.9 1.92 53.15 27.7 §520.71m
2021 0.81 21.60 26.7 1.01 16.50 16.3 1.74 46.90 27.0 5§53 1.23m
FARAL| HC1 HC2
h z z/h h z z/h
2018 0.48 24.6 51.3 1.02 54.0 52.9
2019 0.62 20.6 333 1.30 54.0 41.5 <2021.03.10>
2020 0.59 20.6 35.0 1.18 54.0 45.7 HC1 0.22m
2021 0.46 20.6 44.9 1.04 54.0 51.9 HC2 0.63m
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HEReis R

|
= ShH| 2 S} (2002'F Z D} CHHI)
HD1 HD2 HD3 Area
EAA] h 2 2/h h 7 2/h h 2 2/h my  Remark
20027 1.80 33.18 184 2.00 35.15 17.6 243 67.69 279 283,165 -
2018 0.75 37.58 50.1 1.00 37.76 37.8 2.50 67.11 26.8 285,659 A09%
2019 0.86 45.08 52.4 123 37.76 30.7 3.06 67.11 219 295,374 A43%
2020 0.82 37.58 45.8 1.10 27.26 24.8 2.62 67.11 256 258,837 v8.6%
2021 0.78 37.58 48.2 1.02 27.26 26.7 249 67.11 27.0 258,317 v8.8%
1) HZE SRK| £ )R AL, 314 FIZ 2 0| K| 2 T} K|35}, 2017
SS1 SS2 SS3 Area
EAA] h 2 2/h h 2 2/h h z 2/h )  Remark
20021) 0.90 27.56 30.6 2.30 29.21 12.7 240 48.33 20.1 198,610 -
2018 0.79 21.60 273 0.92 34.00 37.0 1.65 46.90 284 192,372 v3.1%
2019 0.91 25.10 27.6 1.20 16.50 13.8 2.25 53.15 236 167,013 v15.9%
2020 0.90 21.60 24.0 1.11 16.50 14.9 1.92 53.15 277 159,697 v19.6%
2021 0.81 21.60 26.7 1.01 16.50 16.3 1.74 46.90 27.0 150,573 v24.2%
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Change of sea level in Seongsanpo (2004-2021)
150
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;; 135 \ N
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120 """’3
I 3 3R 3R R EERRITEEERT s
EEE8EEEE8838888¢8§8§ (@AS 9|, XS EAEH, 2009) e
Name Year 2025 Year 2050 Year 2075  Year 2100 a . —
siaw Aol ¥ ofF U 72 Tote
RCP 2.6 0.17 m 0.36m 0.62 m 0.87 m
o|s A T}pkF O =
RCP 45  0.18m 043 m 0.79 m 121 m flet x[Sxel 2#E 3 BLEY e
RCP 6.0 0.16 m 0.35m 0.63 m 1.02 m
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Climate change’s impact on
groundwater could leave
environmental timebomb

Daisy Dunne, 21 January 2019
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