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Abstract — A Saemangeum Development Project, which is a national project in South Korea, has started with
the objective of developing the reclaimed area mainly agricultural land use since the mid’80s. To develop a
model of the global eco-reclamation, constructions of the eco-friendly counter facilities such as sluice gates and
inner dikes, as well as environmental preservation measures for an estuary reservoir, have been carried out.
However, reasonable measures of the water quality management for the Saemangeum area are required. Thus,
the purpose of this study is to rigorously analyze and quantitatively evaluate the environmental problems due to
the water level management associated with inner dike constructions. To achieve these objectives, the affecting
factors on determination of water level management are described and a series of calibrated transient-state
numerical simulations was performed to demonstrate the salinity distribution difference in the estuary before
and after the construction of inner dikes. The overall salinity reduced about 2~5 psu, and the seawater intrusion
was weakened by a well-regulated waterway after construction of the inner dikes compared to before construc-
tion of them.

Keywords: Saemangeum Project(A] TF=- AF4]), Sluice gates(9l] 4=74%), Environmental problems(3+73 i A|),
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FAIRe] o RISk vl 2] wiiEe]] wiTEH T
&2 A el 2 o)l ol & U gl o W &
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JEE W AT 3 AT Sk B 22 oﬁﬂiﬂ
Q1 EL. (-) 145 m& ksl 87 Al 917} 2] 5
() 1.50 mZ A7 = S cHKEI(EH= %‘rﬁ@ﬁﬂéﬂ?ﬁ%) : Korea
Environment Institute[2011]). ©]i= <71 EL. (-) 1.10 m~EL. (-)
2.00 m Afololl e o7 p-g-8kar, Ak gk WP
2 G, FulAlsE, 9] B FFAEART «W Hj$A] A
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AP): Korea Rural Community Corporation[2006]). ©] 5 WA &
Uko] TAPL 423 2006035 20109714+ BNV v)E@IR],
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3} golA] SHolA As| YL E= EL. (-) 1.6 mE A FH
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A H3FRA AL "’(Yokoyama& Kyozuka[2003]), W2 &=+ eI
(Delta Works)2] st F--221 SIH ST E %‘,(Harlngvhet dam with
sluice gateys 7413t o] % OH'/F o] HAlEE 34 2aE
7HAgk o 459 7has FAo] Ak ofskE 9lvk(Stuyfzand et
al [2004]). T3 zToﬂH% =) (Tuckombil) 2520 E2 Weke
WABE7 | flsl s sl o), dAle vl AdEE] =5
3}l A =xo] FA3H oF3}= S th(Richmond River County
Council[2007]). ¥8 =ife] -5, Al A 5 $82 28
AP Mgk A ool 3t 2AZE aaE glo, $
7]i*1/‘4°] 3 E A RS AeM FestE AlFsle] Algks 3

- AP, THETE olF = FATES e 5

(Park et al[1997) 2 2.8l djgt A} whste, dl5-E 75
Al7lE Aoz Ago] M7= ATHKRC[2006).
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Fig. 1. Locations of the study area and counter facilities (modified from
Oh et al[2013]).
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TE2EE SX B WAL 180 km2O R AA| WA S 45%E x}x5}  Table 1. Water inflow from Mankyeong and Dongjin rivers to Saemangeum
8% ZAEE 1101(282.9 km?)] 64%E XX FHTHMLTMA reservoir depending on flood frequencies

:;L

‘_l

) .. . Recurrence Flood Mankyeongriver Dongjin river
EE 3 %4): Ministry of Land, Transport and Maritime Affairs[2011]). interval [year] [m’/sec] [m/sec] [m’/sec]
R AR S WA S, FRA 9, Q12 Alslic A 20 7,210 4,460 2,750
Bogod A 59 9 A 7k R ;Lfﬂr:} ool | 100 9,410 5,820 3,590
A2 3,319 km?0| 3L, 71 F W7 FX7e] f9u e 77} 200 10,630 6,575 4,055
] _ 500 12,400 7,404 4,936
1,571 km*$} 1,034 km*o] ™, XA F-o WA ] 78.5%5 24| oF ’ ’ ’
< i I, 44 TH_ oS AP 1,000 13,862 8,568 5,294
(KRC[2009a]). B3¢ 7H fefol] $jA1gk itak 2199 71343 =
200736 2012 Hek S 1,349.7 mmo) W, it 7]
12.8% ZAFE[S]T). old, 71 A7 T2A13E ool SE wiAIE - QS A
A= At
3. MR2s 22| Bg 1y 9 U W Fwke Table 10 AlAH o] Qlok vl
T AE 9= 357 7R A sk xRk TE
3.1 HiRE A 9 29 Rt slo] wle 31 EL. (<) 8.00 m~EL. (-) 5.00 m= 0.50 m{F4 0%,

Sso] s A, ul$A] 9
Z7 9l vabA] S s e o)

st =4, 131'@ iZﬂ‘?“—Qx_ A7

HFEN, AEA o] AlY I 300 m~1,200 mE 30 m 7HA 0 23}l 9= thZ(spring
gs zslelo] AEl9E tide) W A F(neap tide)S A -&311, TS 20, 100, 200, 500,
XJEJX EXslo] A, = 1,000, 2,000, 5,000, 10,0005 1o thEk AE Aol whe} vk
wldsHAl Ho 91 Eael F4RIedE A4 554w ARSIt sEdEAF A 1

Ch(Fig. 2). 531, HH?%J” S 3 dlE0] o] FoIR= Al7]el & sk, AEESE0) 2,000 mP/sec~4,000 m¥secd W T
e o ajHE Ao AfuE S ] A 54 W AEle] 2 30 mE, 4,000 m¥/sec 0]t A W= 30 m~40 m WY E A}
W SN, Ale el 5 S 5407 AAHELh E5 HoQlct AlRkTe] A vlgghE vy 1, SR

AEEe] el o) o} 2o of2] @]l ofsl Al whe.  FAMIE WSk HiE a1 EL. () 6.50 mell] Sk KA &

), 01714 A4 Belaelis vl sl ek AlwkEe] & 540 mE ShaL, MRS 30 mE & w7k R AR Ao

iR W Bl ER 5219) 331,900 haoll TR E5 =9 24 EIEk(Jo[2011)).

FA| Bto] - 2AFE HEee] 8] 2SS Al 8

XHL o] &5 JleiE Haskel] S1ele] 500 RIE 03 71 3.2 WK A 22|
©% FEZF A ATHKRC[2006]). H=3F AfRFEE U] g7k

Ak Wz2A] Ete] FAF -, W 2 7= 714
oHTE sk AElE Haslelolol & Fark glorw wllegt Al iEiiES S 291l wet A et sl 2 Al
o] S s 200 W FEd B, A EL. () 100 m ofw, v e, B o, Ui A] A S0 &
7] 48213 o, 71 7bAIE 7241RE ol & shar, 100 BT A, Al AESA Al 231 T2 TR HEARNE 11
& ol Fd B, 518 B9l EL. () 070 m7BR= 48417 st Her s dEl- sk mEbA Atk Al Al e

2006 42 o #7719} B]A7)7] E<]F EL. 1.00 m °Jsk2 e

STEP 03 skaL, §5°7] <9 EL. 0.50 m ©]3k= ¥ejsh= kA, 2007 ©]

PHASE 1 ~PHASEZ Foli= w719k vIEN7] F< EL. 0.00 m~EL. 1.20 m%, 3771
iy e s Qe 2006415 U 915 HeISHITh Table 2).

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, o] W] ATE % o) 4o e WA EEvo] A 5d 1t
STEP 02

Conditonal and periodical anlyses of (2001-2005), Chemical Oxygen Demand(COD)= 1820 mg/L, Total
Nitrogen(TN)-> 0.334~0.375 mg/L, Total Phosphorus(TP):= 0.045
himeAr\'jaanlzxgsi‘.:u%fdation | Environment-control measures ‘ mg/]_,i OHQ%‘{FXE] 11 %ﬁwﬂfg L}]ﬂ- VO__U% 20061«1] ll‘jULO] O]_—?,Z
\\ Construction conditions of // —}T:XE]TOZ‘ —%“—%}-—E— 7{-]—:]—'8]—14—7]— 201015_ Qi-léi’- ?5H _'»’-FXE]7]T,: IH’S‘]:] O]
the sea dykes
A = A THKRC[2009b]).
seer ®# K K
Problem of hinterland inundation Construction efficiency Minimizing fugitive dust 3.3 tg'AI-" —T'—AI- % I‘-I-E_IAO
The Dresemzz;r;;ze,Tgvee‘me”ect Economical efficiency Water quality and ecosystems HU}Z H}- ;(-" ]’HT‘/] EZ]Q]_ Zr‘—tl:]_,l 7] ﬁ] g 314 51% ;ﬂ]ﬁo]' o

Fig. 2. Flow chart for determining processes of the water level man- ~ ZX], T2 HE UF BEXE B335l EA9 2 U AlZS H
A~

agement (WLM) in the Saemangeum reclaimed area. AsH= 7)5-S Zalahn, AepPy AL ZAA], Belt 29
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Table 2. Operations of two sluice gates before construction of the inner dikes

Category

2006

2007~2010

Irrigation period

Non-irrigation period

WLM* Ordinary season

(EL. m)
Opening condition
of sluice gates

Rainy season

Seawater in/outflow

below (+)1.00
below (+)0.50

Gareok : normal opening
Sinsi : partial opening

(+)0.0~(+)1.20
below (+)0.50

Gareok : normal opening
Sinsi : normal opening

normal seawater in/outflow due to tide level

*WLM refers to Water Level Management

W Qo] Yx|ehe}. FAF TFEE A 1R 2T 2 682 km, 7|
7+ 20109014 2015 (670 y/BRlo e}, AfesE WAl vk 2l
Z27 P07 e HAR= 31.8 km, $AR= 36.4 kmo|t} B
S

3 WA H]s) RS ge Ui EXE 2] e,
AT UE N S A g we) 2010 77 & WEAlE

AR 2gete], A Al 49 kmel| et Fx2 SAPE 13

WAl SAE T2 MR 92 Al W e HAE
L8l 2 28] tiz7] Al 71 9 AlA] alHES lE|ske] diz)
ANAd 72 5E 23)/Jo] AA EL. (-) 1.3 m 7H4 355 F4A 71,
thz7] i 23)/A A EL. (-) 1.6 m~EL. (-) 22 m7H4] &
AA O = SFE freAl713L UTHKRC[2011a]). o2 gk AR s
Ul WAl FAFF B)9e9] EL. (-) 1.6 mo) AL vhea) e =
ol 1=t JA, BA T AlgSHoR we| 797t vtod
A o2 et Ael59A7t dssiAl = TS UlellA]
o] Fda]o] 23 4 WA g 4 o Wi E|oof
akal, Al 3 §i7o] ebEofof stk A, AR o] kgt
H3l, o] 5S Zo17] flsliMe BelGHlE o dAl Aol
T 2R e] WAS A7) Flo] Fasltt Al QI Al
S ARIA Rl AT B Bl e wx) o] v o g A =5}
FE7F iR ARIZE 9le, 710 slg Al A9 WAl
A Z716 Zefd 2 HollA] AYS njakR| R Q1ste] Fal A}
#7} 1315 Q) THCIES((ADA] 1847 917 4: Citizen Institute for
Environmental Studies[1998]). A, 52 4 AJE|2] SHAME
YrE Fole 28 slire= Aldskar s A4 Aol 4
Al A S fEleith mEkA BAE 5] Al
#8lal, B TS HAaslehs ks AR
3l9] EL. (-) 1.6 mZ ZX = ITHTable 3).

kA WA FAE 2 201292 © Y- 2 COD7Y 0.6~15.4
mg/L, TN®] 0.304~3.400 mg/L, TP7} 0.030~0.409 mg/L=A &5
TAFF 1a ~VI(COD 7|)0 2 A7HEE 4 ¥lg o] ufjg- &
Aol tHKRC[2012a]). 20105 112 WA BARS $l8}o] w4
O FoutEel wt a FE A s T ol F
7YKL, AR AR X (A3 M2 91, EEAIBHD2 1Pl
FAE AR GAGGo] & FUAG7A s, A4 AR
k] A AT 58 Al 3 Ao s AskEide] 4

3}= A EHKRC[2012a]).
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Table 3. The best water level management(WML) for construction of
the inner dikes

EL.(-) EL.(-) EL.(-)
WML 1.00m 1.60m 200m "omaks
Economic efficiency A O ©
. . © : BEST

Construction condition /\ O ©

.. O : FAIR
Fugitive dust control @ O YaN A POOR
Water quality and ecosystems ~— © O ’
Adoption \Y,

3.4 YA SAL = B2

A E o] &gk 20208 S HEE FHEHES AlEF o 9l
O (PMO(FF%2]4) : Prime Minister’s Office[2011]), B2
FHE 5 290, 1A #2a, AT E, AT A7,
LA, A2 9l AR 59 o] QIxjel] 93l A FTt.
s AE S Y e BasES adste] BaAlelE
g% BEYE EL. (1) 1.50 mE 3k, 57]oll= EL. (-) 1.50 m~
EL. (-) 2.00 m7}4] &4 0% g8k AlF = THKRC[2006]).

4. 7E='_T'_|- al Xt
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A ey o wER v skl IAMd =t 7'k
o] BFEE7F S7FeH 0.1 (Park er al[2009]), AR WA 9
A P AT HHme ARG el 1L, 7
T R el on, wAe] AP At Ak
ollM lrtede] AxpAre] AlRQIAkE A-galo 71agg o= A
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(a)

(b)

Fig. 3. (a) An inundated construction equipment and (b) a washed catch canal drain away.

WA AL 918 A1) e A & Wl A
ol xe] ARE fkato] 2011 190 AfHES Wf o] AFgo) 7} o]
Aol GIAE FA12 BH O F Qlsto] 249 A7} SARI M (Park
et al.[2012]), :=E7H S7FE AN Zeld Ao vjabax| 7 2
A= ot SA)5} 7legat oA 2] 9kE 0= (Sin and Kim[2010])
o3t FAl= FA| Zo1E1 Qs Aol ek FrA o s A
A g0l Bl fall 2% FFo] oldHH, AEF Aol
A FEF(RETHES] F APt 7RG shE o], WAl FAPE X8

A el Zed AL o]52] AT 4o 5 ol Wojx]
53t Aol A5 ATH(Choi[2011]).
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Jo

P =00
TET

4.2 Y=H| Z4- 0t 22|=2{0f e S+ RRIHS
AR WellME 745t AT Alelell St ASo] #kwar 9l
b 2Ae) AR Sk £ S5l 19004 627H4 A
Frf o mHE ] B frilo] Ao, it AT & YEREA] ARt
79 4 899 HF 4% EL. (-) 5 m7HA GE AZo] vehta
9l AAOITHKRC[2012b]). 5, AT2A]Q1 T2EF A 9] x4 9]
& AR S Wlell 9 A 542 WgkE 7Hem, o]z <l
ot 3 WstE fdabAl ot whebA Al o A 1A s A
T O 1y TRER] A9 o]of whE #4947
3 53] H9E golstar clS5ehs 21 32 Sl
Fositha & = ik & Aol HEAl S22 %2008,
2]5=9] EL. 0.05 m), YAl 2 F011d, F2)59) EL. (1)
1.60 m), WAl F2 $420159, #2159 EL. () 1.50 m) W ¥4
3 & F7M4 I (EL. (-) 1.50 m)s F-9-5 RoJ5te] 77t

¢
il

it sl LS Thelsiolnt. 2F A9l tiste] e B
0.1 m~42.7 m Wjglo|H, 25 %9 =4 A ARkart v o
EL. () 23 m~EL. () 0.1 m, 5% 92 EL. () 43 m~EL. (-) 0.1 m=Z
ESHTHMLTMA2011]), 7438 22 $t 9= 235 A M1z
D1 A% Q1A EL. (-) 5 m& +=48R= A o7 A&Eo] glo],
o] & QIgh el S AR TF 13 2107 ot I Aol
A D 2] B ol 9] melo|n, Z}2} HSPF(Hydrological
Simulation Program Fortran)®} EFDC(Environmental Fluid Dynamics
Code)olth. WA W7 5278 9 738 19T 722
HSPF 22(20071~2008'd 278¥} 20093~2011d 778)Z 55 4k
JE AR (KRC[2012c])E o183t EFDC 229 35 A =21
o7 Feeigivt. Ry 2835k 7)1 AFsE 200897 2011
TR 71V 71, TS AUEE, B, S, YARE,
&, 34 U FEHKMAQC VE): Korea Meteorological Administration
[2012a])°]cF. 2008 B! 2011 7V Ak oS Wi BeE) 3
Al 24z A gsiglon, 201592 739 2011 7VPIAES A-838)
AT, =9k 2] Wl Histed 71579 (2008 2787 20099 4
7yl 52 (Shin er al[2012])7F AHEA] 2% 201150l 52(Oh
et al.[2013])°l] 78 B FAF| 0% ARE AUskA 75310 (Table
4), 7A BEAR-E TSIt oA 75 WAl F3 7 2008
2E7 2011 2de) oisk 8 213 (M1~M4, D1~D4)ol| A 2] i
B2 A3}, a3} WE 2 RMSE(Root Mean Square Errory= 217}
0.22~3.413} 0.02~528% YE}FE S ™, AME(Absolute Mean Error)=
0.13~2.78%} 0.02~3.912] W& LR} Bejgto] ASEks: 2k vk
sh= Zo= 7k gl

Table 4. Comparison of grid configurations and numerical modeling setups in the previous and this studies

Parameter Shin et al[2012] Oh et al[2013] This study
Before construction of Before construction of inner dikes (2011) / Before construction of inner dikes
Scenario After construction of inner dikes with (2008) with Oh et al.[2013]’s

inner dikes (2008)

dredging operations (2015) scenarios
A number of horizontal cells 2,214 5,919/ 4,025 5,919/4,025
A number of vertical cells 10 5 10
Max. / Min. mesh sizes of Ax 355.4/315.5m 250/250 m
Time step size 6 sec 5 sec
Period of numerical simulation 365 day

Vertical coordinate system

sigma-stretching coordinate system




AR WA ALl whE del

days WA o= Al Ae] #5917 EL. 0.05 m= TR <
ol vlste] A fAIE 1 9lem, =gk 2 EHd F3k 7P 7
Fego] AL 7IREO R (R PIHEAS] B9, A 884.0 mm
2 20119 7 1237.7 mmeoll vk w9 2e gs =
(KMA[2012b])), 8 2 5317 shrafe Alvhas s f4=s
o] wig- Aof v 4l B3l 7o) AR ol A5 7 Als)
2 707 oEe] o]F thE A5 Blusl] 2] fsiAelt).
2] DAY A3} 9l S22 7 2008\ (Figs. 4a, 4e) TR
(Figs. 4b, 4c, 4d)sh= ThEA) Jjd oz A& Frao s
FF s} 52 AT Y 2E Q] o5
T5 Holal Qlukh AR AT fEe] Sket vt
© % (Figs. 4b, 4c, 4d) ARFEE W AA|7} 5 o)8}
o Atk wEbA] @A) A SAF S AT
. () 1.6 mZ A2J8LAL Qliz AolA] o154 vl
i XA oo S Aktste] vl #
259 EL. (-) 1.6 m~EL. (-) 2.2 m7F4] Yr]Z o0& vi3o] e
Ao sk Zlo] Pt 2 0F A= ITHKRC[2011a]). 3
A ALA 122 15Y)°l st 9% T2 Fig. de~4h7HA] EA =
o] itk ALHL] 9= A AS W o) o2 Qe A
2HES T fdo] 17wl sl A felel 7w
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Fig. 4. Salinity distributions before and after constructions of the
inner dikes in the summer (from (a) to (d)) and winter (from (e) to
(h)) seasons: 2008 ((a) and (e)) and 2011 ((b) and (f)) without inner
dikes, 2015 ((c) and (g)) with inner dikes, and 2015 ((d) and (h))
with inner dikes + dredging operations.
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Fig. 5. Ranges of spring and neap tides in Saemangeum area and determination of water level management.
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