AR TIM 2016-22

[ 'S VVV' P’ A& LLLA « ¢«
'S r'S 4 PRI
por BB vvvvvv vvv'v'vbnbnbbbbbbLA AAAAAA 44 33
[ 3 4
N A N 4 VV"""'»'»’»’»’"““AAA 44« o
FRARGEAdJ el Y PR A AR
i daddds R D ARREDN
. f4iL ARIMESERE
- v v v . Vv M
g ¥ “‘v‘ @© ‘4“‘44414
41 “ (@)] “ 44 ¥
v \ S - v “ v
v
v “ — 44 v v
dﬂm Jc % 4‘““ 11
AL Al
Ew ..n_rl..g «“1‘111
D = Vv Yy ¥
= A
ge, .vav ¥
.rro 2 Yy >
O © LA
© 4 A
_._._._ & P
> >
— H_ v"v" >
| © 'S >
a : Do
=] .V'V IS
A_I 2 .VPVV»» A
—
o 2 . S
——o - O s »’ A
8 3 AL AL
I % a ;”»bbb sl
Q o A44D L4
=.__._ O < A.AA»»»...
c O Q4444 .
ey = AQddaaaat T,
el % [B) AAAAAAAA a4
= 9 ] YA a0t
m © = g AR
S c ‘' < 4 9@ « <
<
A—o == m 9 Y« R
. T @ « s
z0oll ¢ 2 -
= R c
gi~ <3
o~ + ..nm -
ol g ¢ o
==L 2 £ Kio
10 1 3R rd

APEC CLIMATE CENTER







slig-HASO| M2 X5k U

1ok it

Saltwater Intrusion Modeling Approach

FZO0t

O L=

E

q

<

4

ATEHTM 2016-22

="' ] I"
: p ‘
ZANE
L~ S

g €t
‘q <







22yt A4 Hd S$eES RCP4.5 AlYE|QstolA 210049l 65cm,
RCP8.5 AlU#|35tollA 83.8cm7t A5 A= AWty Ut vt
the 59| 8 AE ol /Ndstged], 37 g FolAle Alslctedl JsH
o] £IXSFIL YojA S 5ol FHFet A Fo] gyt ES o E £
gyt A W2 AT 976HB)7E ASE v TR B
o, o]f fFEEL Fol& FHERo| BgslH Aot+E @ol o|8st U
Urtt. ol2fgt Aggs £ 1t ofe} Aok shHolu AR 7t A=A ¢F

= AgoM s sdE] diFEs AL e AoV gy

i
R

o
AR

£ AtolAe Aok ST oo ol 2ol SUTRARES B4 T}
A9 SHETSZo] A8t 2H, baseline 71ZF (2005-2015, dfisH
0m)] #EH] #S dre} HwstAsUTh WA 4 2ATES40 297
55 B4t 20509 SiW A4S AUEIRE F 47HA9 AR ADoliE
Utk A5 SHRg AU ESEH RCP4.59F RCPS.5 AU Q0] wE 74
F AYARERE FAct] T 471 A2 APsEU oA ol
47HA Sl SRR RS} 4717 Aok FeE 26te] 147149 %
£ 7Pg5 e, baseline (2005-2015, siH Om)< ZESI5t] F 15714

e

[¢)
A5l "t s s dFE] Askr siedE 9% 24 NE

o o] ¥ ISHAIA MY B2 9= SVHE B Aol T, sieArIA
ot &, sAF BHe AA[IAL FUHILE °l8otd g Fdhe B
hE SUTRAR GOl #&sto] 11 ade E4siAsU-



3|
&

Hg3to]

He2 714 o g}t

e ot 3

Zag
He AA]
FE2 9

il

=

Hc]—o

<2714

_g]

, = AFollA

g

=
|

A9} 24 wslo] of

=
)

S
=

2~
T

5

Az zEE A

N
mjm

©

[¢)

o

HAJ2E T

S}
o=

to] AR SEoE &

5

5 oge %

3

U EG 29oz2RE A

s
T

gl

A]

o2 7|diEyt.

RS
ol

—

0]

<{F

AEle] HEE HAL] 1o BARE

=

Ty I8y

oo

HpA 5ol 2ATY), A

3

A AAE B

20179 14

APEC 7|

MIE]

S
-

e

<0
oj0
RO

ofl



ABSTRACT

Sea-levels can rise due to expanding seawater resulting from ocean warming
and by melting ice over land due to climate change. It is widely known that sea-level
rise contributes to the increase of seawater intrusion on coastal groundwater
systems. The objectives of this report are to investigate the impacts of sea—level
rise on coastal groundwater systems and to provide recommendations to control
seawater wedge through the SUTRA model. We collected and analyzed tide gauge
station data to project sea—level rise based on the tide gauge station data at the
Gunsan station. In addition, freshwater recharge rates were estimated using the
precipitation projection data provided by the Korea Meteorological Administration.
The observed electrical conductivity at the Byeonsan1 and Byeonsan2 monitoring
wells for seawater intrusion were used to estimate the transport parameters for
the study sites. The changes in salinity at the monitoring wells for a total of 15
scenarios including the baseline period (2005-2015) were investigated with the
combinations of 4 sea-level rise projections (0.12m sea-level rise by 2050 with
linear regression, 0.32m sea-level rise by 2050 with polynomial regression of order
2, 0.57m sea-level rise by 2050 under Representative Concentration Pathway
(RCP)4.5, 0.72m sea-level rise by 2010 under RCP8.5) and 4 freshwater recharge
rates (0.00627kg s—1 in 2050s under RCP4.5, 0.0058kg s—1 in 2050s under RCP8.5,
0.0054%g s-1 in 2090s under RCP4.5, 0.00694kg s-1 in 2090s RCP8.5). While 0.72
sea-level rise contributed to the largest increase in salinity at monitoring wells
without consideration of the changes in freshwater recharge rates, 0.57m sea-level

rise with a freshwater recharge rate of 0.0058kg s—1 contributed to the larges



salinity increase. The effect of the Saline Groundwater Extraction method on seawater
intrusion was also investigated through the SUTRA model. The results showed that
when both top and bottom extraction pumps were run, the seawater wedge could
be effectively controlled. These methods were also used for the pacific island
countries for this study. However, due to the data availability, the simulation of
seawater intrusion was conducted with an island from a previous study that can
adequately represent a pacific island country. For Samoa, rises of 27.61cm and
98.36cm in sea-levels by 2050 were projected with linear regression and polynomial
regression of order 2. Based on this result, the effect of a rise of Tm in sea-level
on seawater intrusion was investigated with the SUTRA model. The results showed
that the sea-level rise contributed to the increase in salinity at the monitoring
well, which was assumed to be installed at a depth of 40m at the center of the
island. It is concluded that this study can be useful to secure water resources
by efficaciously controling the seawater wedge and subsequently leads to the

reduction of saline damage to crops.
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4230m, 4 10m)ell Ao AR|=o] glow, A= 15470 5T B /HAE=
oF 78m=E YEIHTH (RF-501&5 A 2015b).

Aok, =2, A7AEE % SRS solEAskedl (I" 3, httpst//
www.groundwater.or.kr)ollA A4 9 w77} 7hsoltt AR Ao of
AT QA), ARG 274), AAT (1714), S8AF (171D), WEZ]:IL 7h
A) F SR, 87149 ST TSYo] M ]Qcﬂ FFEHL U 2 AFolA
= sfctell QIxRk 1‘7411«] 232 5= 1Bt AEAH] 874 OH’TX]E TE
T 2 A7l 2REE EE5to] euds AYAE EA4T Ay 4t &
IS aet AT HARK —7'—4 H:V\HJ} HAR #E5F (39 492 AFselth 2 4
T H
Ak

of
ol
Rowd

A

_4

FE 201597H219] e AHEEH
mZo] 7kA] WS XA, YA
25m@ 28me]l AR, HAR29] 7
AN (BF -0.18m)T ¥AR (B -
0.04m)9] Aot fAtEE 1™ 50 EAIRKH. ojeh o] At A=e
SUTRA 23S HSsh=t 2833t

>

HAH #5529 BC1 (25m Ak)9] A7|dEes 2924542870 S cm™, EC2
(28m AHmx)9] A7AEEE 3239542380 48 cm9] S HIoH, £29f AL



14.3+1.5°CY & HGrh ®H4iRY Aol A7HER (50m A%
75561813 4S cm’, £ (50m AX)L 15.0+0.3°CY #& Bt 5&2X38H
(20002 A7|AEkol wE 250 A4 el tsf Egh vp ok H7|A=Ert
2000 #S cm’ oJate] L HE ZHE0] A8 7Fsskal 2000004 4000 #S cm
N Gl gt HE(EE 0] H, E&ol &%, AR T 5)2 S0 EF
Sk, 4000014 8000 xS com'®RoAE P, H3t 59 WEAg FET S0l
7Fsst, 800090141 15000 £S cm™9] ®lolA= thF-E2] A=9] 50| &35t
™, 15000 £S cm'oldolAE diFE FE] o] B7ksott. Aol S8 =
A AEL2 2k, 7%, B, A, ¥, ¥ 5ol Uk WAl 29 FLE AVAEET}
20059 7753 #S cm oA 2006 8139 xS cm'E HHREEL] HFo| AP&o] Bt
=2 ol=o] Fol A F7botal kil Bl A v ok (=2 BrrAT
9, 2007).

Adty o2 ol ST HEE A7AEE, Piper diagram (19 6), 94
o] (C)/EEHAIel2(HCO3) £ (Revelle, 1941) 52 Bl WIS 5= ot F=%
o}EFAL 2015). WA], A7|HMEEE 7|2 & H 1000 #S cm'olst, 714 1000
- 10000 £S cm™, ¥4 10000 - 100000 £S cm’™, ¥ 100000 xS cmlolAr
o= EFF 4 vk Piper diagramZ ©|-&sHH SiH-AFY WY JrE ERd
o =, sieAE7E AgEe] o), CaHCO3 73, Ca-Cl 13, Na-Cl 38 &+
oz BFHE Revelle (1941)°] @2 CI/HCO3 EH]|7} 0.50]5t0|H sj<e3F2]
FZol A9 L, 0.5 - 1.3 HHlolAE o =AI7F =9, 1.3 - 2.8 oAM= oF
FFS T, 2.8 - 6.6 HHMM = BHE FEo 2¥Z T glor, 6.6 ol
foll= vl Atk Aeo] JFE Tl Sl Aok R 4 Atk ol &R
o W=, WA w49l Ae Zlgo] sigshH, CI/HCO3 =87F 242t
57.18, 19.97 (@50l&3At 2015)& ¢ A3t Ar9] ST ddS ¢ e
Ao = YRt Piper diagramC& ZAISte] Yy Hd (7 7) HAN T AR

B2E L Na-Cl §39 94 939 sy & 4 9ok

O.



ol

8 | TS0 T2 Kok & B HR3H Xzt wiot It

[ sorznoes nosesss nemes -crome e

3 hitps/ /wawgroundwater.orkr/release/mapspintype=co®
il

T e 0 Q € B

[

sszan

13 3 SHEXoES XoEEEEE XAHIA (https://www.groundwater.or.kr)

SIS AWA NS
A0 IHS A F
AR X9 : 2004

HRIAE(m): 10, 25, 28
ASAE(m): 60

0142 (mm) : 200
HIIH & E(EC)(pSlem) : 8872

auiee, e

f

IJ‘

1 4 HBiSE HOkD SAEIETE (S HAD)



Level (m)

2005/1/1

Level (m)

-10

2005/1/1

J8 5

2007/9/28

2010/6/24 2013/3/20 2015/12/15
Date

(b)

el

¥

Kot 491 (@)

2007/9/28

2010/6/24 2013/3/20 2015/12/15
Date
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CATIONS ANIONS

J8 6 Piper diagramg 0|88t 2% 2% (Piper, 1944)



— _

2+ 3
Ca Cl
CATIONS ANIONS

2+ ]
Ca Cl
CATIONS ANIONS

a8 7 Piper diagram (a) A, (b) HHAR2
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21371 & 7IEk=

FA 99| @ﬁﬂiﬁﬂ 8 oF 12.6°C, JEAH 7|22 oF 18.0°C, AFFZA
7122 oF 8.0°ColH, ABWIFFrH2 oF 1250.4mmo|ctt. SUTRAEF] JPRZ2A]
SHFE (Recharge rate, kg sHAKES 9l & A7) E47]7F (200595 2015
W) B HE 7§, BFEEFY 10% (8P4 sof 14, Personal
communication, 20169 9€¥ 22¥)& TFE= A5k S=vete] 4
A5 10~20%S TSR 25t o), £ doAL 7153t 6]]_/[:@/14—% 9] og
kS F2 BA517] 8l 7P W2 10%= olo(;;‘g__g A5t Ak Alas HAr

A7t 74 7Pk BAA (RHHS: 243, 9AE: 35.72°N, 126.71E°)2] <t
A7 HESA AmE EEoii. 7159 ﬂ | W& SrHdSel gt A5k df
FEY JFE Ao ARt v|HrE AgolA TFE AL Representative
Concentration Pathway (RCP) 4.52} RCP 8.5 7|$Hs} AlUg|eE ARESIL
RCP 4.59} 8.5 7|FHAUYE = 7|5HHEE (http://www.climate.go.kr/)<]
RCP Al (lkm)AEE ARESIRITE 2 A4t A7 71 77k AR
(35.63°N, 126.47°FE) A=E ARst] 20508t (20519914 2060¥7kA)2E 2090
ddf (20919014 210097H4)9] Bt g2 APt BadrdY 10%s dFde
2 7pgsto] SUTRA B3] tiYdsttt. RCP 4.5 71%%}*]1%3126}011*1 2050
Adles B3 1318.6mm, 20909th= Hdd=rs: 1153.47mmE H32
RCP 8.5 7|FHsA|UE|5tofAl= 20504+ 8 7&—’?%: 1219.04mm, 20904
= Fa73rE: 1458.67mmE AT

2.2 o HESTY

2 dFoME vl gF7l= (National Oceanic and Atmoshperic
Administration, NOAA)O| £ARE ol-&sto] sieH 5 A 42 & I
A-goto] Fxo} 4 2YB/S A SeH S FA BAS AAsHo =1
I ZAFHO A= 99 Permanent Service for Mean Sea Level (PSMSL)o]A
7WgFst Tidal Analysis Software Kit-2000 (TASK-2000)°]gh= ZshEA Z=g ]
2 ol8sto] ASAE Het 29RRE HiEst ok I3y R Ftoly



19984 o|d At Solxe 25 ARE HYsHA] il WiRE7|E Stk webd 2
Ao e FHATRARONA ARGRE U TS AESte] IR 7] o
A AESARE HISFATE TASK-20002 2= o] St dAx9 %
£ ARgSto] 2OFEAE HAISHL, F 627119 RIMFTE AMYste] 25 ks B
ke WS ARSRITE 2 doAe BEel 4 2EEAY A5 Hilst
Row, A5t Wit & Ayt oAlE 119 83 19 90 EAISHIH

2 AFoA Sed WMEE B4 S, A ARPE 29ARE ol8ste] dE
SieEs wgdsigict. olfdt g Sied AmE=RE AEARlZ (Seasonal
cycle)& AAT o3 SAEAE Bsto] SieH HEES A0St AldAelEE
1270+t A AfelES QuistEz, dE sied AmE B85t AZGARIES
A 4 . g S AmERE AEARIES AAT v dAEAS S5t
of si4H WEES VAsHon, AFIANCERY sieH AsES FH5HL
oAl AL rRE i HEESY 7H/AEES FASIAH Boon et al. (2010)
< HZHA RSL) A=E ol-8sto] AF3|H ¢ ojz5]H WS &3l Chesapeake
Bay9] sf® A5 FA1E 43 vt ok Boon (2012)= Quadratic regression
WS o]g3sto] U.S, Canadian tide stations, Atlantic Coast, North AmericaO]

et sfrd s A B AgS 24T B Sl

=

HJ

(a) (c)
600 T T T T T T T T 600 T T T T T T T
Mokpo Mokpo
400 ‘ 400
T | £
L L |
T ™ I = 2
0 7
2} 2
0 0
200 s s s s s s s s 200 s s s s s s s s
1986.80 198682 198684 1986.86 198688 198690 198692 198694  1986.96 198680 198682 1986.84 1986.86 1986.88 198690 198692 198694 198696
Year Year

(b) (d)

SSH (cm)

-200198.798 198:‘300 198‘802 198‘804 198‘8.06 198‘808 198‘810 198‘812 198‘814 -200195.795 ‘\98‘800 193:&02 198‘8.04 198‘5,06 195‘805 ‘\98‘810 193:&12 198‘814
Year Year
J3 8 SEAPEY X8| Atz (a)1995E (b)1996 AEF7H XoIRHE E&d BSt 21t

23t oAl (c)1995H2t (d)1996A



| SeBB0) [2 Kok Y EY RS A et

—_
N
=

=1
=

©)] (c)

0 s s s s s s s s s 0 s s s s s s s s s
199542 199544 199546 199548 199550 199552 199554 199556 199558 199542 199544 199546 199548 199550 199552 199554 199556  1995.58

Year Year

(b) (d)

s J s s s s s 0 s | s s s s s
1996.64  1996.66 199668 199670  1996.72  1996.74  1996.76  1996.78 1996.64  1996.66 199668 199670 199672  1996.74  1996.76  1996.78

Year Year

J2 9 AMXEC| A2 K2 (a)1995E01 (b)1996 BETZH} XSILGHE S25I0 BA=E7t B7I5t
A oA (c)1995E2t (d)1996

23 spalsaue

A BT YH4E (Unconfined aquifer)olA G EIAS /P E YEr
W 1% 109F Zoh Aske siedEoE @S, ' 10(a)2F Zol, sieAlet @
A9l FA o] FAdol "k 1By, AARE sl EeAlR Hekshks Ak
7t AR 0= 99 Aot (transition zone)”t FA4EH. AHH o= S
5 J9o] EEoR Sojdas 1 Ax7t Aojxl= H7|FEH7T YE, ol s
#7] (seawater wedge)zt At 18 10(2)Q] he} 29| A= Ghyben-Herzberg
A2 (Verrjuit, 1968)°l 24 Argo] E=tl, zi= ho] oF 4040l siTE = Al
7138 Uigolth 1% 10(b)2F ol sfio] 4SSt STl o8 I T
= Ago] Yol dutdo® 7hgo] HsiAAY, Aot el Aaske & A
AR FFoll ATt sieIT7E AALL, FeT 571 Zol AFA A A o) 5
$29] FFo| F Hh= A 9o] ke |& gt B3], I8 10(b)Q] @AAE 3
FALE EAlY] AN Frd B ASF el UEE 4 A U=
AR O] 4EL tiiE H|mUd4S(unconfined aquifer)?l 397} Wil &
A At Kim, 20106). & A= BEGHSSS SHOE iedds 7150}
of T ST IS BB

Aol AT L4 FAREZ7IEo] de o]8FHo] Tk & Aol

e

o,

gl
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L A5l 58 9 82454 (groundwater flow and solute transport)a 32FEC
2 Ho)7} 7hsdt SUTRA B3Z &8sto] Aol s EE 245K SUTRA
232 Finite Element Method (FEM)7]4F A5l 2 @ FEZ (€42, solute)S 3

oz o] 755t BP0 7 (Voss, 1984), A5k 5T Ao A5 &8 5

L BoltKd|, Narayan et al.,, 2003). SUTRA EFoAE A5k, €2 oA
EZ2YA9 TS A4 (balance equation) FEMOZ X|a4slal, E3A

o} FAFHA] L= HE FEL FEM meshES &85t integrated Finite Difference
Method (FDM)2 3314 qtet. & Aol ARESE SUTRA 239 o9 3 &9
IES # 19] 89F5t0] AAEHTE SUTRA.FIL oYL SUTRA 2F9 g}

=
=9 mdsSo] FEQle g TdolH, LinpTd FA] & AY o2 HAIZQA
o] ¥hH  (Steady/non-steady flow and transport, Saturated/unsaturated

flow)@ FEM mesh®] 7+ node®}t element JHEE0] E0] Qltt. &8 oY F .rstTf
AL 27|24 BAZAE ZF nodett element@ 2 BFE TE3to] 43|y A
A} B7s3E R, cold start®2 A WA B F551a, olnff 2oAT} (steady
state flow and transport)E non-steady flow and transport® 3t ©9JQ| 27|
9 FAzxHCE G ©f ARESh= Tholh o] Hio= obsTUZ Tl U=
£74 nodet} elementES A3 I nodeHt element®] HOA M} ghS =2 XA
T TAolBE, RFES AYSAY EAY wf {835 otk £ AfolA=
ModelMuse (Winston, 2009)< &-835t%] FEM mesh& A§/dstal, 2+ AARAT =
7127 55 YEsto] SUTRAYE whdEE A/dste] RAsiit
Aot T 4o WHolo] o3t EI}SE (variable density saturated
flow)o]xl, FEolu S8 FEZ (Total Dissolved Solids, TDS)O|H+ chloride®]
242 4% (non-reactive solute transport)e|th. WekA A5k Sfl-%
Fofl thgt Apug A2 o A (11014 31714 vekd &= Aot (Voss, 1999).

Op U _ o, ke

P8,y Lt e e (Vp—pg)|=@Q, (1]

P ot oU ot
o]7]A, p = the fluid density [ML?]
Sop = the specific pressure storativity [MLT™]™

t = time [T]



| ot BHESH ME Kok H EY IR Mz ot WY

¢ = the fractional porosity [1]

U = Solute mass fraction [MM™]
k = the permeability tensor [L?]
¢ = the fluid viscosity [ML'T™]
p = the fluid pressure [ML'T?]

g = the gravity vector [MT7]
Q, = a fluid mass source [MLT™]

kp
€p

« (Vp—pg) (2l
o}7]A, v = the fluid velocity [MT™]
ep%—!-epv IAVACL VAR [EP(DmH'D) * VU]: QP(C*_ ¢) Bl

o]7]4, Dm = the coefficient of molecular diffusion in porous medium
fluid [L*T™]
I = the identity tensor [1]
D
C

the dispersion tensor [L*T]

the concentration of solute [MM™]

* = the concentration of a fluid source [MM™]

T2y olzet Hdge] o] AA @9 AFHE, sYFE, AHUFE 5=
Odig 2doj vtgstrle dHAoRE A9 EVFssitt wEtA dEtEo® 19 11
3} Zo] @9 A4S M) o= IHS AX=Hl, °lE conceptualization©] 2}
stal, 7t ndge] AE AXHEA § FASHAY 713} sk EARE AA
= o (Li et al, 2015). WepA 2 AFolME HAXF] & B5F0] dis] A
2 HElgo] 759 ESE conceptualization IS AFT HAR| 7T YRS FHQt
HANH Axe] 299 fEAd Bx= 385 S 9 7RRIeE /0]
Atk (https://www.kigam.re.kr/). HAH I} WA =30 FHAY I AR
(39 12b)%} 1=HE (9 122)F Este], gzl fRAREE 745kl o]

i

[¢]

= T C U



2. O KiE 2 g

E uet 9us g4 4 3539 THQle] W FEM meshg H8% (Irregular
mesh)2.2 AJAsATt (Be4] ol W<®, Personal communication, 2016% 9¥
229%). o|¢t Z2 "o s ATt w4 B4R el 9 BARA 52 1d
139} T1¥ 1400 Z47F TAIskelH. AN 9] B9 F 5021 nodes?t 4913 elements”}
Aol =Qlar, w4l 29] BRol= F 4637 nodes, 4539 elements7t A=A
Sk A EFEE Aot Sm7tAl= 2US meshE B/, WA H-$- A3
Al 25met 28mzolo] IESAA7E AA|=o] Qloug o] Zolo #HEZLE (node)E
Aol mEY Autg #ASAA 9 HEo WIS H| Y & =R S uEbrt
A= W49 S, A®ANA 50m Zolol HSEEE AYSIlH. o, WA ¥
AR9] el E 201 Qofste] Aokttt WHANS AHE FEARRTL
0.2x107m day ', #W429] Aol 3.4x10™m day ' et

r\:‘

55 9 £ uj7fH<s (flow and transport parameters, & S0, $EHEE,
dispersivity)= 1 5843 #d44 &40 o2t I8 15004 2ol & 47HA 2 &
& 4 Aok 2™ 15a= "WAHST 4 o wet 22 g2 A= ST AA
THRIoA] Z-2 o]2} -2 Fro] HAT #EAES Holg= Idolw, 118 15be= T
7NA=2] gro] Zt ol wet thE o] A& Z= wh, AA ZH/lAE 1
g2 fAEE #2848 HojF= Idoltt nixgeg ui7fH4=9] gho] ZF Zof wh
g t=21, AA ZHRIAE o o]dAdE BEoF= 192 19 15doA EojF
3 9ty BHE fPAEEe 2R flow parametere< EQHES A & AFA

g o (constant head test)@ 72 ¥WHo= g £ gloi}
dispersivity®} Z< transport parameter= _1H 160J4] Hoj50] AA| Lo wat
Al 1 gro] S71sk= o]24} “scale effect” (Gelhar et al., 1992)@4; ol RIEA]
QoA Edlo]A Al (tracer test)Z SolA LofioF dtct SEA|RE, 2 AtolA=
ofg] 7HA| A4 ol2ltt EdolA AlES $8¥sHA] SRl dispersivitys: &
Sto] SUTRARES E4 sto] dispersivitys 578 (TS, S TolA #5
Lot mo] J=of Ao|7k 7FE AA E WO dispersivity)StRtt. T, WA I W
AR Tr|Qlof] digt EFolA Al¥ 52 8319 transport parameterE AFYShE =
go] dQgd ZoE wWoHEr. & AFoAs B4 WARe EY dido] A

<]

|
oifdyt #&YH EXAS 7PYstal  longitudinal dispersivity®} transverse

RES=IAL)

dispersivitys F3oFt.
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Rech
T T S Al AT (@)

Seawater wedge
ps

Homogeneous, unconfined aquifer: the freshwater-seawater interface (1)is a
gradual transition in salinity rather than the commonly assumed sharp
interface (as illustrated for simplicity). The interface is stationary only under
long-term, constant stresses (e.g. recharge, pumping, sea level). There are
two circulating seawater plnmu:@demlly driven (pt<ps), and 3 tidally
driven. The wedge toe(+ location is the maximum seawater extent.

Rech
T T (b)

Intruding seawater wedge

- — — . Original condition @Roducﬂon in recharge
—— Modified condition  (4)Overtopping, caused by sea-level rise,

Excessive pumping storm surges, and tsunamis
Land-use change (e.g. (5 Sea-level rise
canal development
J& 10 Kok Shegls AT () E7IME SiEE, (b) o 50 Y+ 5

Si~EE (Adapted from Werner et al., 2013)



1 SUTRA 29| =mdilt Z=2MA (Voss and Provost, 2010)

Filename or extension

Contents

SUTRA.FIL File assignments
.inp Main input
Input files
Bole Trme-dependent sources and boundary conditions
.ics Initial conditions
smy (SUTA.SMY) Simulation summary
st Main results listing
rst Restart file (same format as . ics file)
.nod Nodewise results
ele Elementwise results
.obs Observation results
Output files .obc Observation results (alternative format)
.beof Fluid source/sink specifications and results
Solute or energy source/sink specifications and
.bcos
results
.Jbcop Pressure specifications and results
Concentration or temperature specifications and
.bcou
results
H2 BAN D HAD HEZO| il (HEsUHERISSAL 2015b)
BEZ B4R (Transmissivity, m? day™") 22T (Hydraulic conductivity, m day ™)
AN 2472 0.2x10°
A 0.670 34x10*
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Purpose and Objective

B ey g e

»f Hydrogeoiogic setlings ¢

Conceptual Model

L 2
-

= . Model Design s

g Grid, Boundary and Initial parameters

o

o ]

Ll Calibration and Sensitivity Analyses

F
2 Results and Prediction »
Conclusions
JE 1 Klok= HHZIO| flow chart (adapted from Li et al., 2015)
@) ,’X

N

L6

Byeonsan1

-]

J2 12 BAXIT (AN 2 HM2)9] 1 (Elevation) (a)dt CHEFEQ!I M 2RI (b)

@ Well Locations
Elevation (m)
200

—
]

500 m

0 02505 1
AN




Qinl Cin
pp., xgxH ¢H¢¢¢¢$¢¢¢¢¢$¢¢¢6m
el
I
- i — -19m
& . H | — -22m
:§ B /| T 114 L [ [ 1]
d N ENENE T ]
N BENN ¥ | ]
mN % | \ﬁi i
] [ - N
1 -54m ! |
-300 m 0m 1475m 1700 m
J8 13 BHAM O] AAZA 2 FEM Mesh (vertical exaggeration=20x)
Qin’ Cin
I R 2 A A A
P=pgeaxgxH |1n<l/ \L 6m
m_v
— -Im
[ ]
I ||
X |
I [
& 1 ] T
I RN
m - ] e
—1L -54m
-300 m 0om 1325m 1500 m

I3 14 BAM29| AAZA LU FEM Mesh (vertical exaggeration=20x%)
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B ARst A wot

7h

(@)

>

Isotropic, Homogeneous

(c)

L

Isotropic, Heterogeneous

J8 15 ==
€
£
[
i
F-
4
5

JE 16

(b)

>

L.

Anisotropic, Homogeneous

(d)

L,

Anisotropic, Heterogeneous

2 8078 (Flow and transport parameters)®| Sd ¥ @24

ID‘= a| -r T ey T T
103' & E
™ =
e o . ]
10° o? AT 3
; o % . ;
L & o o
o : -a? f ]
3 L 8 e 4, o* . E
E =] 9
10°F * e Tee .
E . A LI " 3 E
*fte e § |1

-1 . =
YEs mroe o |
L . conlam. 4 A b
10-2l_ . [ ] avants 4
E am'ir.a ™ a g
10-3 i. | .....--J|- sowingd p sasund o sepnad o gspead o ogag J

10" 10 10" 102 10 10t 10 10f
Scale {m)

Dispersivity scale effect (adapted from Gelhar et al., 1992)



3. G-l H B9

2 oA S2 (O 17)9 it (OF 18) 2854 Husied A5E
2 B4ep] 9lo) ARPE 29R (3F 17a, 19 1822 ¥ AR W3k sl
(I™ 17b, 19 18b). ¥ ArzRE AdAllEE A Asl & A=7It]

b9y WO Ry Amo} o (3% 17¢, 33 18c). olst WEoR g & ¥
AueiE AdAol2e AAT o Avke 19 17d9h 19 18do] 22 mAJs
o} AgAolze Bx (:L% 1709 4 (18 180) B $ARE 278 Ras
|, 890l Hrje By, 290 Aol S B

X 29 #34 (O¥ 19a)= 24712 (1960-2015)8<F °F 7.84cm7t A58t
ANE Hlom, FH4F 29 54 (O™ 19b)9] A5 £4717F (1981-2015)8%F <F
12.08cm7t A5t 2oz YEET. 13k AYelAEAd ostd =X 29ESA
(I8 1929 AL BN =9t AFFNEAZATNE= 9F 1.440.26mm yrt
(p-value: €0.000D)E FHESloH, 7IEAES 57| e 2x3ARA9] 4
= 7REAE 0.08mm yr? (p-value: €0.0001)E Vet Kim and Cho (2016)
+ Ensemble Empirical Mode Decomposition (EEMD) ‘ﬂ“ﬂg ESjA BA7|ZH
1960-20115<%F H29] si5H 45 WEE&2 oF 3.5 mm yr'o]1, 7k R oF
0.17mm yr?g} B3gh vp Qlck, 2 A7 k= thh Zo|7} S|, ol 2 A+
oA A@AIEE AASH= BT EEMDO] BiHoA &= Zjo] mjiEQl Aoz It
ook 4 2EEA (3" 19b)9] B FA47IRE B9t APSFARA AT oF
3 4540.49mm yr! (p-value: <0. OOOl)i e, 7EAES] A= EX X9

=49 GAKRE 0.08mm yr? (p-value: 0.00)E UERdth o]#gt si4H WS
A F i B HE5E 3.440.4mm yrt (Nerem et al., 2010)9} H|25}99S
AFe] A= HAT sied Bt HeE Htt FAIE Helou, Fxo) 7
A2 ol B HEERET A2 FAIE BT

¥ _1\'

lin}

O;E;rlor
mf“
f

R}

-

1219} 23} FPEA ZAFE vigroz 205049 B diSw ARSS Aush
a1 7%4—— a1 zooﬂ TABYTE 18 20a9F 7o), Ex XYT=409] AL AY
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oz A=Y, 7IEES A8ote] Aot A, AAET oF 27.86cm7t A5
g oz A7 =HAS it 29ESE (O™ 2029 e, AFFAl Seire
20509 FAES oF 11.73cm7t 5 Aoz AgHNeH, 7IdEe A8
78 205099 °F 31.59cm7} @AAET § A5 Aow HAFEA. olet #ol,
53X 205E Hue 4 28SR0A Bddlede] ¥ e Aoz AT
ST A 2AESAS ojHT il s Xd Aie BARAe] WAkt sl
29] i Aol mE Askr SR de 2451 fls 20508 S|
A 9 27|20 ZE5IH.
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207 3lofgo] =0 TloRgo]
a7 qlow, ghHo, siHo] A5 A Askr siedTe FFel o
Ao defA ot wEhA| 7|FHIlo] TE S A5 Ask sieiE
b 93RS WISk sl 2050WTiQF 20909 S ARS Adat A4k
AYE 2306t case studys Y5kt Baseline 2005EF-E 2015W7HA] 9]
g o] (Om)et T4 (0.00603kg s)oli, 7|FHSIA Y0 wet & 47}
A TFEH 471A] s s A AUERE A7) E (oA, 2050 HHet
2090¥th)z} RCPAIUE]R (RCP4.59F RCP8.5)E I#ste] ZslArt. of7]of
baseline®| A5 Xt F 157H49] AU 7t Y=t °ol& HE 3] Q9
of A5ttt sig=Hol A5otd sijtdo] BHA Hi 7 =E (node)Eell Hhet
FYUE gepug o] wet HhsHA 2 AARAS d6lor gt AE =
©], 2090RCP459] 7% HFasmo] oF 0.57m A5elol wah, WAH I ¥Al e
SirAe] A= WEZCR 9F 17.1m ol5stA Hrt. ol#fgt BAXRHANAE 2
o] ool 53t UF SieHORRE ZF TR ZolE thA] Alkksto] +
3oF gtct FEO] HL, RCP 4.5A14= 2 stoflAl 2090dtH7t 0.00549%kg s'2
71 @okon, RCP 8.5A14E] 2 3toflA 2090¥ 7} 0.00694kg s'& 71 =9ttt
S A5 A= 20508 AFSFAREAY A7t 0.12mE 7P @3kem, RCP
8.5A14E]Q SloflA 2090WTh7} 0.72mE 7FE &S Ao & UehTh (% 3).

ook

AT
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X
)
rr

ol

=2

o
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|

rg o

o]
AN

(o)

Baseline®| ¥4H I Wil #EFo] diet A5k s AF REY e 424
I 213 O3 220 Z=ARIIGE ESE AEAEE (WS em)E 9% [kg-dissolved
solids (kg-seawater)']2 ®AZsIACt ool F¢ 2F 0.0357kg- dissolved
solids (kg-seawater)19] Zto g A#A ot 13 213 1Y 18094} o], 35
Z5Fo] o3t Siear] (FARE)7E HAM oA WA Hoh o YEZECSRE X 9l
= Z23E Kol Qlok WA WAR9] dispersivity= & A7ollA= SUTRAR
dgS &8oto] 279 shgleh WA 9 EC13 EC2014 5 F=e EC13 EC290 3f
Fote TS oA B drete] X7t 7 AHA| Ei= longitudinal dispersivity
9} transverse dispersivity?] #hZ WA A Q] 4 longitudinal diseprsivity2}

transverse dispersivity® oFR O, WHAROAME 72 HPHOZ |ongitudinal
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diseprsivity®} transverse dispersivitydts FAoFTh o]23t #HOoZE FAH
2 WAl 749 longitudinal dispersivity’} 10me|%}., transverse dispersivity
= 0.05me|gloH, WARO] 79, longitudinal dispersivity”} 10mel}al, transverse
dispersivity= 0.1m= F¥%ct. T8, Anderson (1979 longitudinal dispersivity
¢} transverse dispersivityd] H|7F €F 1004 1008 =9 7 ELAtty =t &2
A9 At WA O] A9 tha 11 Hlgo] A ugtou, Avkow AR A
£ Hogy & 4 A I8y &S longitudinal dispersivity®} transverse
dispersivity?] £ @NA EolA AldS SdiA S5k, o] 3 ZEH
Ao 4|9} Bluste] & BR7F 9lZ ACE wetErh B4 #E59 EC1oA
o] I=F Hogke] Arjeal= oF 11.6%0]1, EC2= 9F 2.8%9] AHexE H
oh. HAR I539] EC19] #Sgloll tigt Rojghe] AAb= oF 2.5%% YEtst

919 3 157 49 Aok s wdy AnE 19 2300 v W
(19 1929] A9 WA (23 190)°] HIa) Z78o] o] =7 Yokon], WA
A S LEHEE ECIo] EC2ET F380] tha Zth ®AHoA 7| $Rslo] uhE
SFRgo] WS 123iS o, RR2090RCP857FY & ®¥2keE (EC1: -3.9%, EC2:
-2.5%)& R3A, sied AswE IEFE te 2090RCP857F S7HEC] EC1O|
7.83%, EC27F 5.2%=% 7P Zith. 7|SHso] wE ofaHslet s 52 &
Ao 1#H P& 7% 2090RCP45_RR2090RCP457} 7Fg S7H& (EC1: 8.3%, EC2:
5.4%)°] & ACE Yttt WHAR I559 49, @A sigHol 7|l wE
FFE Mok vHFE 49 2090RCP857F 7HE F7HE0] # o1 RR2090RCP45
7F AR dErRT oF 13.3%=2 7Y 2 37HES Eal, RR2090RCP857F -19.6%%
7V 2 Aass B sledds 2t 1ES A9 2090RCP857F 31.7%E
7V & dE S7FE HSloY, ZF RCP AU e 9 At o] mE ket
A P& H9olle 2090RCP45_RR2090RCP459] A7t 7 & F=9] 57t
& (40.3%)= Bt olet Zo] WMAN I AR ST 7t AU dxo] 7t
== ATEY, i A 2T IHPS A9ole RCP8.5 AlUEL 3lojA
200019 (2090RCP85)7F 7F Zlon, 7Iewisle] we qdae] ®isieh o s
I AHE FAlol shE, RCP 4.5 AlUE]e stelA 2090 (2090RCP45_
RR2090RCP45)7} 7P FA| YeRd=t, ©l= RCP 8.5 AU stoflA 2090t
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e ASol gt Aol ST ), RO FUto 9t IFol o
37] Q& Foz maHEg F 1571 A F M 2 9= TS HJ
2090RCP45_RR2090RCP459] mdls ZAxs 18 24 (AAH)Z 18 25 (35&2)01

Vehiiglch RS Wik BE Ry (Ut EEoR e A 2
._. O]— /\ O]q
23 o™ A5t SIS0 ME case study
Case SEEAS (m)  EYE (kg/s) HI
Baseline 0 0.00603 2005-2015
RR2050RCP45 0 0.00627 2050s, RCP45 2424 (1)
RR2050RCPS5 0 0.00680 2050s, RCP8.5 242 (2)
RR2090RCP45 0 0.00549 2090s, RCP45 243 (3
RR2090RCPS5 0 0.0069% 2090s, RCP85 2424 (4)
2050L 0.12 000608 20504 ABEEN B3 Al B (5)
2050C 032 000603 20504 7KA=TE iRt Al X1 (6)
2090RCP45 057 000603 HCPADAHER X @)%ME JSHE
2090RCPS5 072 00003 HCPBAHER & % o dotid
2050L_RR20B0RCP45 0.12 0.00627 ) + (1)
2050L_RR20B0RCPS5 0.12 0.00880 6 + )
2050C_RR2050RCP45 032 0.00627 © + ()
2050C_RR2050RCPS5 032 000580 ® + @)
2090RCP45_RR2090RCP45 057 000549 @+ 0
2090RCPS5_RR2090RCPS5 072 00069 @© + @
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EC1

Kg-dissolved solids (kg-seawater)"?

8 24 AN 2E59] 2090RCPA5_RR2090RCP452| AR Xfol ofieRlE RRY Zit
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E
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|

3.3 Xlolr ofirEE &

OE

VIS Aletoh=s Willle TR 0S50 U (deepwell infiltration),
AAE 7idste] sfobdE HtRE o & o5 Al7l= W (land reclamation), S
£ BHE o|8dlo] F5H= W (saline groundwater extraction), U329l
FAFAE o] Askpo] YEE Fe E9F= W (artificial recharge
area), A9 FrFE HAEY 5= W (modifying pumping rates), =2
2 21H9¥ (physical barrier)& Alstoll AAsk= WH 5 o8 7FA7F Uk o] &
HAHY #iRe U U5 ohe B0l oAl HYEHPTAo|EE, FUTA
9] FUFE == WY (deep-well infiltration)o|, FrE FaHT Fol5
+ ¥ (modifying pumping rates)s< & AollA Z3tobA] Arhal & 4= ot
2 AFollME ol sie7] Alo] WY 5 WHAN I w4k AE517] Bolgh Bkt
2 55 Yoh= B (saline groundwater extraction)S A8} ofjorE:
WS AAIsto] degol wet siedz|et WS (A e] EC13t EC2, ®WAR2
ECDollA dr=o] Hets HOStes Siqith. o] W, a9t shitoll 2+t
YHEE HAsto] g5l W sieafr] 9 Aol Hels 29| sty AHA|
SUHEE 9X & S ;40 89Fsto] A6 R AR ST

o
o

L oeale) o] 4AE S AoR shgelel oY wmo) e B
s

ot

e}

l

e

o o 1o

)
Ao s, St AN FYULAXNY gmte] ALs Tefsha A

Aste A= 7PYsiglch. AR} sl FYHRE 77t dEoR JMEsle] Y4
k= A9 ARt st FUEZE Ao 7hsste] sk BF Al THRE
Uiro] wolsioich. AR} slite] FYUBmO] PoFe 4o AAE vz AR
9] EQWm o] oksako WA WAR BT 0.3472kg s'E 75, shEel &
AHIO| 5k 0.9259kg 52 7Yl

J\Fuste] W euasTt o] Weke wElg & 157 A F K 2
A= F7H&-S HQl 2090RCP45_RR2090RCP45°] A4S o]gsto] a4 FoH
e Hesigon ZAE 19 26 (HAN)T 18 27 (HAR)] AASHITh 1Y
263} 27004 HojF= B} o], sie)r] (T7e FAER)7 FAFZ A A
Hotshe Bk & UERiR ot w4 gEnE OE 1A (9 26
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a)oll= sheafrle] mefo] 3 R (I 24a) A WSfolA] gfokont, WAk
ie A5 FUHEIW 7hssde Beol=: A Hekle 2HE HofFiie,
ol WARY sieAlet HeAlel AR YAt AR SUHZTIL v 2
|

)l Ao= Almdnh EoE Fofl o3t sirafr] Ao 2dd

NS}

of Yxst7] i Az}
oA FiEAE S8, FLAVE Bolvde AFS 95| Eojsa glon, olgh

A B
AR WA ©8 FraxA uekich wila wie] ARiel SRl Y
% 2 wCold AzPE JEo] Wsle wAStT (19 283 1 29)
BAH oML A8 (19 282)9 s13 (1Y 28b)9] FYWRE 747t HEO= 1E
AL A 27] sl ot ARSI AR%e BAed ol sG]l Ao
offt gos wWerETh WAMI WAolMe] ATE Ejksle] B, Ahel s
FUEDE 77t 9EOoR JNEsle] ¥4 (1 28a, b I 292, H)FHS W
o}, Aol S FAWILE EA|o] 7Msste] A (1 28c9 1H 290K A%
b 2 a5a7] Ao} wmke Wolxy 9tk ol Aake AR EelolA s
7] BE (17 269} 23)9F EUT AFolt). Datta et al. 2009} HHAEE A

aete mElsloln, HakAel ARE Susks b u

[k
o2
>
S~
4

54 DTS SIS BUHD 9% 3 A
= 5=

BEE  spromeE %2 sferozeE %2y

B == (kg ) 7] (m) =M g

EHAF 1 490 -20 0.3472 490 =40 0.9259

HAL 2 370 -33 0.3472 370 =44 0.9259
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(a)

Thm
I

Kg-dissolved solids (kg-seawater)

a3 26 HENOMO| SHA7IR0IS Pfeh LAl
&, (o) 52 off SAl &+

ot

DY Zt () A (-20m) 2=, (b) SHE (-40m)
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(b)

(o)

0
0.004

0.008
0.012
0.016
0.02

0.024
0.028
0.032
[ 0.036

Kg-dissolved solids (kg-seawater)!

ook

T2 27 BADUMS! SKAPIFOIS FIEt QAR R D () 4 (-20m) %, () Bl (-40m)
5
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3. gt
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20 40 60 80 100
Time step
(© —EC1
20 40 60 80 100
Time step
YAl DY 2 (o) ELAL (b) SHELRAL ()

29| SH=7| K|
U] HHS} (Time step: 1=2F 7
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4. ==

- EOOI_I'
4.1 EfHATA=O| slirtalsXat
4.1.1 X22%

ol 283t 2YHEE 7INteE §F S s ATHHS 7ISHsle] wE
s Aol fldle] 2 HiBGEATAlE A8t HEY A= 2REE
JeiEY s 2 715 RYEE Z2AE (South Pacific Sea Level and Climate
Monitoring Project, SPSLCMP, http://www.bom.gov.au/pacific/ projects/pslm/)
oA H=7] stof skqint. SPSLCMP (¥ 30)= HEiB Y & 1471 A% (Cook
Islands, Federated States of Micronesia, Fiji, Kiribati, Marshall Islands, Nauru,
Niue, Palau, Papua New Guinea, Samoa, Solomon Islands, Tonga, Tuvalu, Vanuatu)
of tiste] 1992¥RFE IR s B 715 FEE ABSIL e (& 5). °ls
% Niue®} Palaue= ISHHIE 7I8Sto] AwE Algdhes Aol ozt thE FEE
o2 XYRRE F75te] Algsta ok ghH, SPSLCMPE AlZHE E= 9
slezo], =2, 712, 71, T 5% 5= ASCIIA®E FHI=E Alsstl e
200635 ¢ mig ¥E(monthly report)E AlEotH S WS} 4], £ ohleTe]

S Ot 24 2HE At Ak

FF s A Aol digt Aok s AT T2 HBY 2A=] A8
71 §18H, A SPSLCMPOA Algsh= =7t & A 5 Aske7 ZFAshe Hl&0|
HW2A =2 Samoa (&% 7IE2=E o 35%E Aok7F I+, http://www.
pacificwater.org/)?} Port Vila®} Luganville ti53ol dist AL, 548,
718t MEEEY 4871 A&KHCoRE FTlal Qe Vanuatu (http://www.
pacificwater.org/)& A8otAtE. Samoa®}t Vanuatu®] #5AoA= 242 19934
24, 1993¢ 1¥5H #S5S AFRIEoY, AmEFdo] 27 BluA Wil 45 7|17t
o] HwH W2 199349 (Samoa)® 1994¥ (Vanuatu)> w47]7ofA ALk,
Samoas= 1994WR¥, Vanuatu= 1995GFH 2015E714]9] s #o0] AwE &

Aot



AzolRe] T2 03W(Task-2000) ©l&3t A& B1 &S HAlSH %
2, SPSLCMPOAE ewty] gt Akges dE7zto] vlwa wolgled, & 299
AF P79 JEE v 3 2t} Samoall A%, 19959 12, 19964 10¥, 2002
W 10~ 12¢, 20059 2 ~3¥, 200749 7 ~ 8%, 2010¢ 5¥, 20114 3L dis 2
Sgkol Uehgton, Vanuatu®] 4% 19999 24, 20019 44, 20049 10€¥, 2005
| 29, 20099 1~2%, 20119 11€, 20124 5%, 20149 59, 2015 2] Hisf
ZEgr0] UeET

1307 1407 1507 180" 170" 120 150" a0 2107

I3 30 HEImY ofixH LU 7| ZLEZ Z2HE(South Pacific Sea Level and Climate
Monitoring Project, SPSLCMP) : http://www.bom.gov.au/pacific/projects/psim/
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Z5 HEEY ol & V1% ZUEE Z2ME (SPSLCMP)2 fIX| & A
Location Latitude Longitude Installed Trend (mm/yr)
Marshall 7°621.7'N 171°22'22.1"E May 1993 3.8
FSM 6°5849.9'N 158°12'0.8'E Dec 2001 16.5
PNG 2°231.5'S 147°22'25.6'E Sep 1994 58
Solomon Is. 9°2544.1"S 159°57'19.3'E Jul 1994 6.4
Kiribati 1°21'54.2'N 172°5558.8"E Dec 1992 29
Nauru 0°3145.9'S 166°54'36.2"E Jul 1993 3.7
Tuvalu 8°308.9'S 179°1142.6'E Mar 1993 4.0
Samoa 13°49'36.4'S 171°4540.7'W Feb 1993 54
Vanuatu 17°4519.2"S 168°1827.7"E Jan 1993 57
Fiji 17°36'17.7"S 177°2617.7"E Oct 1992 49
Tonga 21°812.5'S 175°1050.5"W Jan 1993 8.6

Cook Is 21°1217.1°S 159°475.2"W Feb 1993 4.8
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a3 32 Vanuatu £9AtE 2577t (@2 (b) &

oL
2

ol s
200612 200614 2006516 200618 200620 200622 200524 200526 200628

Year
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0 L L L L L
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ZMZSIFSE St 2 HeE 2 (0)2F (d)
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4.1.2 oli+Bdstd

= FEAHet vtV E AzbE 2 I 2R (Samoa: 1% 33a, b,
Vanuatu: 19 34a, b)2FF AZAIZ (Samoa: 18 33c, Vanuatu: 18 34c)
= Tolsith ol=et W o g 13t AEARlES AAT & 19 33d (Samoa)9t 1
d 34d (Vanuatwoll WerSlt}. #4717 599 AldAolE2 =uatet 439

£ 2TE HoFrh HEY AR 29 #E40 FF 8ol iz, 2€¢o
Faghs Hojela, Hdiet 49 Aol7t of 40cm FE=E H|w A Z1OU, Samoa
¢} Vanuatu -+ A% 25 Fje} 4 2fol7} 242} oF 4em@t 10cm He& 712 2
o7} gl= Ao =E YT Samoa®l ¢ gk 79l HaghkE 390 H3loH,
Vanuatu®] ¢ gk 1€o] a3 682 YEsth

Samoa (1% 35a)9] A%, 13} A3 3 &40 st £41717KH1994-2015) &
Qb 8.12+1.27mm yr' (p-value: <0.0001)7} A5FAIR Uetgtod, 7I&EA4ES
ysl] et 22 39 B4 oJekd 0.37mm yr (p-value: 0.0008)% 7h<&d}
+ 20 = YETE Vanuatu (L8 35b)9] A%, 12+ AF 34 &40f oJstd &4
717H1995-2015) 529t 1.95+1.16mm yr! (p-value: 0.0009)7} A5FA2 YeERE
ow, 7H3E w2 1Estr] gk 22 39 £ QJshd 1A A% 3 EAT
L 24 20079L 7|Ee® A 0|2 Holw -0.45mm yr? (p-value:
(0.000)E F&sh= A= Uehth ol= ofF] A& 7|7to] 1A ZAA] gopA,
TEERCE U2 23 3l 49 AE Od= Jsto] sied A5 AdZ &
Ash7)ol= tha AdshR| 2 ACE FWHEew, 2 Ao Aol siAE
T3S 9gt Hasled AARACR Vanuatu B3 AQJEIYIch SPSLCMP2
St B 1A Pacific Country Report, http://www.bom.gov.au/pacific/projects/
pslm/)oll 2% Samoa®l A9 B dleH ASFA7E 5.4mm yr'E £ A9
Aol 8.12mm yr 'Eth tha A9roen Vanuatu® A% 5.7mm yr 24, &
9] A7l 1.95 mm yr'et B o]} yr} Pacific Country Report®] 2%
20109 0] W7HE Ao ®A Am BA7|70] & AL}t tha Zpol7F Y] whEed A
oF woHE AAE FSMeO| A¢ oE UeEeHe sl FA7E & Zolrt
Hol=d HuAoA= Am7|7to] Aiidoz 47| geos Q& #AskL il

stal At



Samoa® 34 Hok= B4717F (1994-2015)9] 22 5t AFH 02 17.86cm
(9 352)7F A5stom, 19 36aclA49t o], ol=fgt A45ES Ao dX)
(20169l HI3 205090l <F 27.61cm7t 35T ACE HAYEHoH, 7IEHRES
1 FS FAo] s} 205060 °F 98.36cm7t AS5T Ao AYEE Aus
Hlth Vanuatu® s WSk £41717F (1995-2015)9] 2149 B9t A@H o=
4.07cm (I 35b)7F A5st9.0H, 1% 36bollAle}t Zol, ol#dt A45ES A5t
d @A (201690l Hlsf 205090 oF 6.80cm7t AF5S Ao 2 Ak



Seasonal Cycle (cm)

Seasonal Cycle (cm)
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4.1.3 of+EFRO|

2 AFolA WARA| o A-8sto] 7] Tlol| mE S Aol W RISk 5
—/F;Q HdgE HeaS o2 &8st fIgt AR dARE AAYE 75t
3oz WYy sSigith Atkol RPREE 8 VRS 1EIE A
20504 °F 98.36cm?] S0l A5k AR X*”]'Q tt. olF HIFoE A3
7= % A (Voss and Provost, 2010)914 sieFE AFet AFFIE 7=
stof, 2 AqolA= SUTRARES ©o]&5te] 3R AT sf-Ho| Im Ao

3% siea7] E IS koA AEHIE BASIRIH BEkete A Yol A
S} 40m Z°l9] k== AASITE T XE x, vy, z 3XY HHEE HASHH
(Om, Om, -40m)olt}. A9 1=+ oA 5molal AF5YolA 500mell sieHA
o] YAJsk= EH|do|tt. ModelMuse Ver. 3.8.1 (Winston, 2009)& ©]-&sto] 3%}
4 a3 95t =9} elements A (O™ 37, Top view; 1¥H 38, Front
view)sFg1, E=HQ19] ﬁﬁlzﬂ 4 27|24 I9 38 (Front view)oll AAISHRA
ot 2 AoA G F E4= 158834700]L element= 1509257H2 Voss
and Provost (2010)2] =52 42432719} elements® 3917570 A Woltt &
F&S oF 18.666kg s'oln, 1 9 &5 W 4% uj/fHS (flow and transport
parameters)+ Voss and Provost (2010)°] AA|St 7k AREolt HEPS 9JsH
time step 7]= 0.24d0|w, & 2o} 7|7 20°|tt. Eﬂ"} FF AHEoRe] HA|
Aol 2 SUTRAZFES A& Alofle AAl 543 55 4 5 WiHsE $4dt

of Ao} HAGS] 5% 9 Sk BAS WESoich T Aole),

Sf=Ho| A A} (FokAtd, sl =oI7F omY o REs ZAik= 1% 39
(Top view)2} 18 40 (Front view)oll YEFATE. 18 39 (Top view)ollA] HolF=
Hiel Zo], sfiekd FHo] sipAlet EpAlS] AATE olEHF Aot (transitional
zone)7t WA E&sk= 235 Uehgth sigio] RS Im J5HE A8 22
717t sieA|et g o] sk 29| 5l 11 41 (Top view)¥ 18 42 (Front
view)oll Z=ASITE. G4A|et Al ARl B4 ® Aol (transitional
zone)Z7t @A FHET £oj5%oH, HAY 7|k Eo1EX, dAY 2717t
S7RE Ao E Ytk 7HHS S 40m ol ISk ToA HEo ‘ﬂq@rh ;5H
FHO o7t OmY @ 0.013kg kg oA SHFHY Eol7b Im 5P



0.022kg kg2 F 64.5% 453 A0 RSt webd sh 5ol B o
SART} Foke] Asee] Gl ot el Hulsh] 918 AR s A
o] weto] Waslrha hct.



A8 | SPB0 M2 Kok ¥ B GRat Kfzh 2ot JH

Unit=m
n 1 n " L " 1 I " n L | 1 L 1 "
-1,000 0 1,000
a3l 37 MRS Kok oi-2E 3D 2HZS St FEM Mesh (Top view)
Qinl Cin
P=Dye; XgxH J N A A A A A A J |_PePesxgxH
X X
? . R
|
1,000 0 1,000
I 1 | 1
J2l 38 XY Kot o2& 3D HHS St FEM Mesh (Front view) (vertical

exaggeration=5X)
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Unit=m
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0.015
0.020
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PR R T T S S R S S S S E S T T M
-1,000 0 1,000

Kg-dissolved solids (kg-seawater)-!

J239 Kol 3D 2U i} (Top view, AL = Om)

Kg-dissolved solids (kg-seawater)!

-1.000

a2l 40 MX|™ 3D 2] Zut (Front view, siH = Om)



50 | SiPIA0 M2 Xiok: Y B HFSt XZh &t T

Unit=m

A T — M )
-1,000 0 1,000

Kg-dissolved solids (k

Y4 MR 3D 2R 2Dt (Top view, BT = Tm AB)
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-1,000 0

B oo
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[ oot
0.020
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0.030

I oo

2 0.040

1,000

I3 42 MRS 3D T A (Front view, ol = 1m A5)



4.2 ofir 47 IR

£ A7 ZHoAE Hof Fxo] 7|EHe] mE sieuidsyt g Het
= A3k sedRol ¥ | ¢ Aok 59, ded s Aske siedTe
FFol H S7Ieke FHiE e I w5k HE aoal & 5 Aok of2et s
71 Aol flsiM ot RSl AREEAL Tk AL SRS Agke
7t AeF e EFASH] SRS Ao WE, SiRAIH0A Asko] &
EES e e ol qltt olfet WHelle olv] Jidd Askr #Ae| FHe

S AT FFol YoluA] EZ =R FfAlsks o] 23 F £ jloH,
A A ofdf] EAXGC® 3| S dHFo=m = Y= Z "ot o]
gol= Aol AsAF7Ies B8k ol Al ATHQA Ay AEE
S Aplrg Agshe AotdS AAlsks W Sk sieA7|Alofol AR =
< Eseln

P1Hsle] i Sk el R Ak AT Z7Rlel siebdee] At
50l 5YU8S FO Tho| YAT Ao AYHT A, £ A7) mdYs M
Fgsle] SIS EHEHOE Aokl Woke HAR Aolx AHUE Fdlof
22o] K] Asle SR TR 5L AT 4 ek A B Uxs
I GYEmE FYELS e UL e Hlgo] WaT ¥ w ohe, 3 W A
A5 oFeb|E AMVY B7RsSIol T 9] 9 Hao] 4 Amw H: HAA o
9 UFSPA weslolol Tk 2 ATl AMST mET J1US Folo] e sk
#7] Aol ek WPe| X% Wme] A= 5 molste] AHe) Wk L Y
NE 5 25F 4+ 92 A0F gt o2 Sol, s s BEe A

[e] =
Asjo] BT Aok G ARlolE, F4we S Wi Aze Wy

OE

¢

2 HASL EYULES Folo] B Prot] AFHom ofet whel BARS
WL WY 52 1 4 gtk ol B Aol Akt mdy /e Bl

=z

Y
i ol He F AT AIAE oL, M2 IHE ER



€8 5 Stk o] 4%, B5F FH 5UE Aske WSO FR7FHAIA

g 5 Hdol &8st sUE FsisiE €2 ¢ Ue At 52 T & U=
AR 7iviEe}. AR 7 4304 HojF= Hieh o], "k WAl #5E F

Holls 598 A5k Bl o A0 o] A|H9| A5kt U8 5l °l&
Hal Ao dAls sWE0l dieoll 29" AskrE Erste] oSt w42 o
S H|9lE, sedFEET 1559 #5 VMeR sRsoA A %
_1:6_1:1

o SErEE

o 2EEHE

odo

Ja3 AR SRR



@7 APCCY 4t ¥ 5URE 5 S&FEolA= 7IFHS UL, AddS
A, S2S AEAHE & TRt ARE & =

of. J3u giRE9] APCCY A S-S E3dt ARk
A, AA, sk 5 AFES TS Aol
3 FA FALE k] A% FHo] = APCC S-gEof] AFE A5 Hofz g
Stof, APCC 38§80k a9 b= FET 4= S ZC0& 7|df "t XS o]
£ Boto] Ao THATE APCC A4 71& SHE Boto] NI=4d=9] 444 i
5ol APCC ZH| 71&& ol T = U A= 7=k

>
_EL
T
ot & o

ON
o
R
it

mpAEre R & AoA ARGRE REPYES EY B Aoy Hdvled &

&0l 7Fset FHolth. B 9 Aok 29 HdVle B9 oz, Edelu Alsk
Hol 2¥Ed9 ol diSste Holx 2 A9 2Ed V¥ 189t F= AL
SHAL Sl dRbdor Efoly A5k 59 tidolA A& olF2 olF-
SH:k-RES W84 (Advection-Dispersion-Reaction Equation)oll &Jsf Awgo] 7}
3} AFolM &85t 712 AuPgEA (A (11014 BDE olF-24k-Hke
AZ 718w stER, B Ao REFg7[HES g H8ste] BEY 5 9 A5t
4 7ledl g5 v 5 e A= ZdiEnh

or
o K ¢
e~

o

L

4
nR
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5. Q0 W 22

St A4 Bt s RCPA.S AURQ5104 2100800 65cm (B3h 79.5¢m,
ol 58.1cm, A3l 57.3cm), RCP8.5 AlUg] 25104 83.8cm (B3l 108.1cm, A5
72.4cm, @oll 70.8cm)7t A5T ALE Adsta Qlty. fEveRs MRS Eol
Esti=el, 371 s SollAe Asietl A= *Xskal ok =yt I+
T °F 976HBL A vl AR BREA low, A A tiRE Alst
FE UEYL 3low, o] F oF 83%°] st 805 ol SRl A
SHAL Utk Askp7t sholu ApA]7E LA 2 A oAM= wd-E&TY HFE
= AASIAL Sl AAgolrh. Hithel AR 1Mo Be- ZReARelA olu] A
HE Uil Q= Aol st glom, fEuRtoss &3] AsfictolA sieilE
FFol o ddsittar gt 8 ik (¥4 5, 2011)

2 AFox= SUTRAE S B4 I} §4R29] i3 Si5-3o) &85k Aok
SrIEE 26t o™, baseline 717F (2005-2015, s 0m)9] #SHY &5
Hrot vl WA A 2RS40 2R RE BAst] 20509 s A
52 & /Y AeE AYstglon, RCP4.59F RCP8.SAIUE QO WE 4

AR 2 HE Aok TFES 47HA] 4= APgstdct. o3t 4714 dfid A+
SAYARL} 471A] Aok §HFES X35k baseline (2005-2015, 34 Om)<S

|

Foto] & 15714 A9o] tste] SUTRA Rd=E Eolo] slsmasst Bekeo)

Bl SSHE 9T BASG of F BEFOIA Y B dxd 312 B

21 90 SotZo] WS AN FUPLES ol83te] T P4 Wk
01

SUTRAR | 285t sfiaf714]

N

)

B AFoHE= PSMSLolA 7Rt TASK-20000]g= ZohEA T2 73e ARE
Sto] AR =30 Z9AEE B8t SieH A FAIE EAskaL 205099
WA A5 1S AT 23437 GleH HEEY 7HASE 1S
ato] Agsiict. 2 Ao sj-dE ndy iRl WAn I WAl BEga) Tt
& AP ZRESA0 s AuEY, 4717 (1981-2015)5% 9F 12.08cm7t
Footion, AgFARAET AAF sied ot HEEH vgt oF 3.45mm
yr 2 YERGA, 7HES 0.08mm yr’2 YETE ol#jst WEAe TR



o

ju

=i o] = Bt As siYe] RCPAIUEIRO] WE BufsisH 2
7] ASE Hol F 4] Boelked A AUEE SUTRARESC] 2851
ok EZF 20509HF 20909t RCPAUE]QC] wE AB+Hdrds APdsiaL o9
10%E Aok FFEE AH8ole HEAQ WHoR F /K] Aok TFEAIHUEL
£ 24310t (20508 RCP4.5: 0.00627kg s, 20508 RCP8.5: 0.0058kg s,
2090t RCP4.5: 0.00549kg s, 20908t RCP8.5: 0.00694kg s™). ol&jet & 47}
A e S AuRlest &K §%RS S AZlek RCPAURIRS TeeR, &
1471 7492 Uehdth olg s st sl we J4ge] Wspl Asks:
ol vl IS BAJSl] 9Igk SUTRA RdY] AAzdoR 2eslsct

Teishd 217} 205099] 11.73cmsk oF 31.59cm7t @Auct B 452 Ao A
H A
3

SUTRAR Y-S &85}9] baselineo] et 28 A3, 4N #5359 F 719 ¥=
H (EC13} EC2)91A S| =gt mofgto] A= oF 11.6%%} oF 2.8%°]10H,
HAR #5390 #EF EC1oM Y] A A= oF 2.5%% YEFHT Baseline”|{h
AlLfet F 147H4] Alu=] o] thiet HAN I} HARS] #EoA o] ¥l HAH
(T" 192)9] A5 WA (17 19b)dfl Bls| S3=o] Iohx] 4] k2 A= U
Wk SAF0] & BARE AHE A4S, sied ST 18FE 4F 2090RCP85
7} 37Feol BEA ECI91A 31.7%% 7F¢ & 9= 715 HAou, dFe= 2ol
1P Hi= 2090RCP45_RR2090RCP459] 97} OF 40.3%= 7P & 9= &
7HE Bt ol= W Adsel e dx9 VR GleRE FFEY 5
7Pt AdAleh] el ZeR weEh ol Ayl sieH sl TE Aok
AT YIS 24 HsliAe mE7ISol die A AgE Zol 1
Stojof & ¢ HES ¥ BIE o U= QuRith o] AU 9] B e
717} baselineZ]7to] H|s] iEXo & tha et s HolFal ot (L8 2429
% 25). o] Ay o] sietEof (HAM: 490m, WAR: 370m)ol S AAskaL
e dote died7IAloINES HAPo R FASHI A (HAH: 20m, ¥
AR2: 33m)ot SHE (WA4H :40m, WAR: 44m) SYFZE HAsto] A/oHE SAEZ
SA F (" 289t 1™ 2904 si#7] Aol B3 B & o= UEh, S
F4 ®9L (saline groundwater extraction)?] A0 7 & 7|1E Alojstal U

o]
28 HolFT Sk

|

il



N

| SIRBIAO T2 Riok: 2 £ 2R} K2 ot iy

=

2 AFolA HE3t S A FARRAT AskdledE 29 7S =Y
FEA = (ﬂil:-%)‘ﬂ Zgst7] Yol 4 SPSLCMP+= HEIHYF Samoa®}t Vanuatu
£ XIS F 140 AR RAAEE ol8SiA Bt ASFAIE S5k
BB dEATo AstpslaedE 2dY 7MS AE5H] fldide FHAeE A
T 79 9 Aol 4 59 BSARE s W AgHHolnt. wEbA FE
AFolA Samoadt Vanuatu 59 BlE=olA Aok #AT Amy A 2 A4

AmE S5t SUTRAZ S ZL%}O% At g AE S s IAl] AlEE
g YR sgler, d dACAE oz E Hx=9 e WY
3 A AgATARIE 7lHP_§ g Erglos E%I% < Yt Samoa
9] 7%, EA7IRF (1994-2015)9] &<t Hatsirwo] APH o= 17.86cm7} 455t
gom, AAl (2016%)el Hl8l 205000 oF 27.61em 7t 35 A2 AP
7MVIES T Zfole 205090 BA] BatsherEet oF 98.36em 7 5T
Acs Y=, Vanuatud %ﬁ EA717E (1995-2015)8<t A@Hoz

4.07cm7t AJ5e A02 Yehgtow, olzfgh APAI7F A&EH 205040 aXH
BoolrHEnh ¢F 6.80cm7t 5T AoZ AYEAY. I8y Vanuatu®] 7
A3 e SRR YERt £ AtolAs Attt £ ﬁ?oﬂﬂi
£ WS Aok AeARITFE F AUELE 1Esh| {8 Samoad
7RVES 1E3 EAET OF Im ASohe FE LdHote] siHo] OmY o
o} si5=712] WLt A FUolA 40mAEo] TS =TS 2Ulsto] S AR A
9] g9l Hgs mdgsieitt siewe] Eol7t Im ASHe 49
50] ZAH FP=E Aot EolEqon, @49 AV|E oA &
s Bk A Y 40mAEolA dE9] #sk= dieH o7t ImASHS 4
(0.022kg kg™, 3 =o0]7F Om¥ = (0.013kg kg )ETt oF 64.5% AF53 A
2 YEbgth

N1 Aofshe W Bol the T e WIEL LR B ATolN 48%
SUTRA B9 Z83te] toRt Alte o2 Bod 4 9l WerSolct,

r
4

(1) FATHY FUZFS 5= 9 (deep-well infiltration)

(2) 7HAEAE 7ot st vl o2 ol 5Al7]+= W (land reclamation)



(3) A5E HHS o]85to] Y55k 2 (saline groundwater extraction)

4)

ro,
o

ARl FFAFAE W0l Askpo dFEH= R =HF= U
(artificial recharge area)

(6) TH9] IS AT EoF= WY (modifying pumping rates)

6) E893 A9 (physical barrier)2 A5t AX|5H= =

mEba B @ato] H83F By 7HES &8st 919 siear|AlotEE o
S AU e R mElgsto] XF o] ¥REE AT 4= IS Ao 7|tjdr}. $hH,
Feolu 249 WHel 59| AEARE &8l SieAEIEST F99 A
Aol gt Felx71HEA| A E85to] sl FusfE Eol= © &8 =
A= AolH, EF B 2 Aok 2 EH9 %}%3}01, Askry EY 2o =R
B A5l Q¥ Este] A SHoj &89
T= 11 B9F APCCO] A 3of F5H —}F—X}%‘?ﬂ g AokpiEoZ dfsial Aot
SEofo]] APCC AAI71&S &H T 4 S Ao= 7|y "ot

R

ol
Y
oo

N
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