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Abstract

Seawater intrusion areas were calculated in Yeosu region considering sea level rise and the effects of countermeasures for seawater
intrusion were analyzed using SEAWAT program. The estimated seawater intrusion area was 14.90 km?” in 2015. When we applied
climate change scenarios the area was changed to 19.19 km? for RCP 4.5 and 20.43 km? for RCP 8.5 respectively. The mitigation effects
by artificial recharge with total 50 m>/d, 100 m*/d, and 300 m*/d are from 3.75% to 10.68% for RCP 4.5, and from 5.82% to 10.77% for
RCP 8.5 respectively. If we install barrier wall with the thickness 0.8 m, 1.3 m, and 1.8 m, the mitigation effects are from 6.67% to
12.04% for RCP 4.5, and from 6.17% to 14.98% for RCP 8.5 respectively. The results of this study can be used to be a logical means
of quantitative grounds for policy decisions to prevent groundwater contamination by seawater intrusion and subsequent secondary
damage in coastal areas.
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Step 1. Data Collection
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Step 2. Model Configuration
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Step 3. Scenario Application

1. Collect data
- DEM, precipitation,
seawater level, groundwater

-

2. Analyze data sets{annual
average data, unit convert)

Generate model grid 1. Configure and run scenarios

Input parameter sets

2.
level, groundwater use, o , \
locations of observation [ 3. Run initial model I intrusion
stations, etc. 4. Callibrate groundwater level 2. Estimate seawater intrusion

and concentration

for mitigation of seawater
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Fig. 1. Procedure of this study
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Fig. 2. Study area and locations of observation stations
Table 1. List of collected data
Data Form Collection period Source Application
Contour, Slope, Area
Geographic intelligence DEM, Station, 2017 www.ngii.go.kr Grid, Layer
Administration border
Precipitation Time series data 2016 www.kma.go.kr Recharge
River level Time series data 2016 www.wamis.go.kr River package
Groundwater level Time series data 2016 www.gims.go.kr Head
Location of pumping well P i 1
Groundwater use - p pe 2016 www.gims.or.kr umpllng we
Pimping rate Pumping rate
Groundwater electric . . .gims.go.kr .
unawater ¢ Time series data 2016 WWW.EIMS.8 Observed concentration
conductivity www.groundwater.or.kr
Tidal level Time series data 2015 www.khoa.go.rk Constant head (ocean)
Groundwater investigation Hydraulic.: conductivity, 2017 gims.gokr Layer
report Geological structure
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Table 2. Input values of parameter sets

Parameter Value
Groundwater level Yeosu-Sora 32.00
observation well (EL.m) | Yeosu-Pyeongyeo 23.74
Hwayangl 6329.28
Salt concentration Hwayangl 785.54
observation well (mg/L) Soral 26440.43
Sora2 31147.52
Constant head (El.m) South sea 1.885
Constant concentration
South sea 28,464
(mg/L)
Yulchon-myeon 121.13
Sora-myeon 155.81
Recharge (mm/yr)
Hwayang-myeon 242.88
City (dong region) 146.49
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Fig. 3. Calibraion results

Table 3. Results of seawater intrusion areas and mitigation ratios for artificial recharge and barrier wall installation options

Seawater intrusion areas in 2015 and 2099

Climate change scenario Seawater intrusiozn area in 2015 | Seawater intrusiozn area in 2099 | Seawater intrusion area change
(km”) (km?) (%)
RCP 4.5 14.90 19.19 +28.79
RCP 8.5 14.90 20.43 +37.11
Artificial Recharge (AR)
Climate change scenario No measure (km?) AR scenario (m*/d) AR measure (km?) Mitiation ratio (%)
Total 300 17.14 10.68
RCP 4.5 19.19 Total 125 17.91 6.67
Total 50 18.47 3.75
Total 300 18.23 10.77
RCP 8.5 20.43 Total 125 18.72 8.37
Total 50 19.24 5.82

Barrier Wall Installation (BWI)

Climate change scenario No measure (km?)

Wall thickness scenario (m)

BWI measure (km?) Mitiation ratio (%)

1.8 16.88 12.04
RCP 4.5 19.19 1.3 17.14 10.68
0.8 17.91 6.67
1.8 17.37 14.98
RCP 8.5 20.43 1.3 18.44 9.74
0.8 19.17 6.17




520 J.-S. Yang et al. / Journal of Korea Water Resources Association 51(6) 515-521

o] sl T H o7} of| A F Tt A R Sfetdo] 71
71 31%FH0]9.76 km® 2 Bl F 1] HA
H7, &M 2.19 km?, A2HH 1.95 km?, 5419 1.00 km?
=02 eyt

ATAH 9] 20158 ST Al mlefA| S ARt =,
IPCC (2012)°|4] 23t tf 5 = 7 2 (Representative Con-
centration Pathway, RCP) 7] -3} A Lt2] @ A-g-of whZ 5|
SR A5 nefet nlE e s F oo HA-S A5t
Aok Aua] 2 5 A8 whal 20993 712 2] s<Ho]
RCP 4.59] 749 +0.612 m, RCP 8.59] 7% +0.802 m A=<
710 2 oS THNIMS, 2012). ZLofl what 20991 o] ofj Ak
Sl =918 A-8ot a4 Aol mE o4 sl E
1 32| &-& A5 Fig. 3-2 20154 sl 3F 2o B A
Aitolrt,

33 71%Wet ALl HE U S AUS A2 Ch
g it
SHA= 9] ol wisf

=
2SS, 2 oo Tl g4 vle g 24 By
o) ol

r

o o
x 3
N,
4
£
%I
N2
o
)
2
filo
Lo
oo

o -8 7 sl F wjoH A} vl w ottt &2 4 A4
SIS A8 A At FhoHA -85

&2 Layer 1, 20 48591, el =
51o] 107° em/d, 29 =71 0.8 m, 1.3 m,
1-8-513It. Table 3-2 7] $- 8 2te] w2 sfi=3
Y Aot ofl3 = wof] 2 s o &2 Q1F
2| & A4 519E w9 sfi4= F = Hof

stolct,

I-'O

oo
o

R}

18

flo

(]

_,d
4>
1B

ot
o]

[

el Ty

= M xR e
o
1=
o

o0

3

fu
N

T

Zicé_gl
2L o L
o
N
N
N

oo
or 2 18 7
.U 2
4> o
1E

X

Ml

re %

J
1%
s
1%
it

SP4=9], Al5t49, Aok M7 T I, 2|5k o8-8 914]
AR, 2 9]0 et AF=E =5t A5k 7| 2 ZAL
H1A, sPaAH] Z|2AIgA 59 EdS XAl
SEAWATO] 2-851tt. SEAWAT-S 0]-85}o] 2015 2]
2ot -5 E T oo A9 246k, A H 4
= Hieto 2 715 ¥ 3 RCP A|UHE] 2 5 RCP 4.59F RCP
8.5 AlL}2] & -85} tt RCP 4.5, 8.5 7] THS} AL @
2-gof w2 lj4=1H Aol el sl & o of) WA o] ¥ist
£ R ost ot SRS #7oh7] QI i o = Q159
&, =9 2pE AR E o] 8ot ST A7 aIE E
A5Hdet.

2015 of] tht A77d el <] afl=5E GG 2] HA214.90
km’Z YERF I, RCP 4.5 A[U2] -5 285191 of 3=
& oAt 13 A2 19.19 km*©] 1, RCP 8.5 A|LHE] 2 & &
o192 0 s E g el A2 20.43 km® 2 e
o} 2015 AR H 20| s3] F 1ol A} RCP 7] ¢
3t AU 2 E AH-E8ot9S we s T WA vl Axt
RCP 4.5 2] 73-2-28.79%, RCP 8.5 & A] 37.11%2] sll<=3
£ W0 Z7lote Ao 2 B4 E Q]

NS Y2 |ELF o2 ST o)t
< 17 5to] H-gotch -8 292 3HefFH 37
™ 27 2], A2bdA 17)] 2] -2 X7g5}oe] 285}
oFFS- %300 m*/d, 125 m/d, 50 m*/d 2] gk
A7ttt RCP 4.59] 3¢ di-dE #
7.03%, RCP 8.52] 74-9-8.32% 4515t B2 4 A}
A th2 153t S A-8-2t 2| k- F LA A-8519
th 222 Al o] £ AL R = 10° em/d2 A5,
24480 =A=0.8m, 1.3 m, 1.8 m & A5t RCP 4.5,
RCP 8.5 A|H] Qo] thafiA] 242} 2415131 4] A7 RCP
4.5°] 3¢ ST WAL B 9.80%, RCP 8.52] -4
10.30% #HA-st3iet. 4] S Foto] s o 14
< Aztohs thadl o 2= Qg gteF Kot Ea] 4 2p=8 A7t
o g7 JS & 4= Qlct T3u 2] A AE 2 T
E Aztok= dloll axta ot dA]H|-go] =T o] Q)

[ESRR A = |

r
BN,
rlo
N
=

Z

==
A

e g
o 2

T
T =
Mo

o ofd mo X
i mot

5]

o
o

1B o

gﬁ
Ml

240] @ asir}

AT A3 7| FHste A3 A A sle] Bt 716}
1, A&7 RS A 57 AL Slate] Aslate
0] R w7} oA Aol A Aot o] sl4: 9.t
0] Y3t 234 Sl 1) 918 A Ao e
9 27 2 H AFSE 4 S A0 7| iHTh B AT

ST A o o] T8 B Aot otaL, 2 e

I3 ol



J.-S. Yang et al. / Journal of Korea Water Resources Association 51(6) 515-521 521

S A7) o) o] Wil B §lsted 2t djale] &
shot A7) u 8- Telet Bo P nhelska, A4 AT
Aol that a4 2] ket Al 8- 9 el
S ] o] 941 91414 7S A 7S
A oAolct

UMl 2

B AT = AP EHREAE o[ R 2 ATAN] &
FAA QALY AR DH] (NRF-2017R1A2B4005435)
A Qutol 2P Aduet.

re

References

Abdoulhalik, A., Ahmed, A., and Hamill, G. A. (2017) “A new
physical barrier system for seawater intrusion control.” Journal
of Hydrology, Vol. 549, pp. 416-427.

Amira, M., and Abderrazek, S. (2016). “The effectiveness of artificial
recharge by treated wastewater in combating seawater intrusion -
The case study of Korba-El Mida aquifer (Cape bon, Tunisia).”
International Journal of Innovation and Applied Studies, Vol.
15, No. 2, pp. 264-274.

Guo, W., and Langevin, C. D. (2002). User’s guide to SEAWAT; a
computer program for simulation of three-dimensional variable-
density ground-water flow. No. 06-A7.

Harne, S., Chaube, U. C., Sharma, S., Sharma, P., and Parkhya, S.
(2006). “Mathematical modelling of salt water transport and
its control in groundwater.” Natural and Science, Vol. 4, No.
4, pp. 32-39.

IPCC (2012). Climate change 2012:The physical science synthesis
report. Cambridge University Press, Cambridge.

IPCC (2014). Climate Change 2014 Synthesis Report. Contribution
of Working Groups I, I and 111 to the 5th Assessment Report
of the Intergovernmental Panelon Climate Change. Geneva,
Switzerland.

Jung, E. T, Lee, S. J., Lee, M. J., and Park, N. S. (2014). “Effectiveness
of double negative barriers for mitigation of seawater intrusion
in coastal aquifer: sharp-interface modeling investigation.”
Journal of Korea Water Resources Association, Vol. 47, No.
11, pp. 1087-1094.

Jung, E. T., Park, N. S., and Cho, K. W. (2017). “Composite model
for seawater intrusion in groundwater and soil salinazation due
to sea level rise.” Journal of Korea Water Resources Association,
Vol. 50, No. 6, pp. 387-395.

Kim, S. G. (2014). “Development of reclaimed farm lands for future
agriculture.” Proceedings Symposium on Revitalization of
Agriculture in Reclaimed Land, Grand Hall, aT Center, Korea
Rural Community Corporation and Rural Development
Administration, pp. 83-99.

Korea Hydrographic and Oceanographic Agency (2015). Over the
past 40 years, sea level has risen about 10 cm. December 16,
2015.

Lee, C.-E., Kim, S. U,, and Lee, Y. S. (2014). “Estimation of the
regional future sea level rise using long-term tidal data in
the Korean peninsula.” Journal of Korea Water Resources
Association, Vol. 47, No. 9, pp. 753-766.

Lee, W.D., Jeong, Y. H., and Hur, D. S. (2015). “Numerical simulation
of seawater intrusion in coastal aquifer using N-S solver based
on porous body model.” Journal of Korea Water Resources
Association, Vol. 48, No. 12, pp. 1023-1035.

Luyun, R., Momii, K., and Nakagawa, K. (2011). “Effects of recharge
wells and flow barriers on seawater intrusion.” Ground Water,
Vol. 49, No. 2, pp. 239-249.

Mabhesha, A. (1996). “Steady - state effect of freshwater injection
on seawater intrusion.” Journal of Irrigation and Drainage
Engineering, Vol. 122, No. 3, pp. 149-154.

Ministry of Agriculture, Food and Rural (2017). Seawater intrusion
research report. Ministry of Agriculture, Food and Rural, pp.
445-457.

Ministry of Land, Transport and Maritime Affairs (2008). Basic
groundwater investigation report of Yeosu region. pp. 94-97.

National Institute of Meteorological Science (2012). 2012 Earth
climate change report for correspondence of IPCC ARS,
National Institute of Meteorological Science, pp. 46-51.

Noorabadi, S., Sadraddini, A. A., Nazemi, A. H., and Delirhasannia,
R. (2017). “Laboratory and numerical investigation of saltwater
intrusion into aquifers.” Journal of Materials and Environmental
Sciences, Vol. 8, No. 12, pp. 4273-4283.

Papadopoulou, M. P., Karatzas, G. P., Koukadaki, M. A., and Trichakis,
Y. (2005). “Modeling the saltwater intrusion phenomenon in
coastal aquifers-A case study in the industrial zone of Herakleio
in Crete.” Global NEST J, Vol. 7, No. 2, pp. 197-203.

Rastogi, A. K., Choi, G. W., and Ukarande, S. K. (2004). “Diffused
interface model to prevent ingress of sea water in multi-layer
coastal aquifers.” Journal of Spatial Hydrology, Vol. 4, No. 2.





