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Abstract — For the assessment of seawater exchange rates in Danghangpo bay, Dangdong bay, Wonmun bay, Gohyun-
sung bay, and Masan bay, which are small-scale inner bays of Jinhae bay, an EFDC model was used to reproduce
the seawater flow of the entire Jinhae bay, and Lagrange (particle tracking) and Euler (dye diffusion) model techniques
were used to calculate the seawater exchange rates for each of the bays. The seawater exchange rate obtained using
the particle tracking method was the highest, at 60.84%, in Danghangpo bay, and the lowest, at 30.50%, in Masan
bay. The seawater exchange rate calculated based on the dye diffusion method was the highest, at 45.40%, in
Danghangpo bay, and the lowest, at 34.65%, in Masan bay. The sweater exchange rate was found to be the highest
in Danghangpo bay likely because of a high flow velocity owing to the narrow entrance of the bay; and in the case
of particle tracking method, the morphological characteristics of the particles affected the results, since once the
particles get out, it is difficult for them to get back in. Meanwhile, in the case of the Lagrange method, when the
particles flow back in by the flood current after escaping the ebb current, they flow back in intact. However, when
a dye flows back in after escaping the bay, it becomes diluted by the open sea water. Thus, the seawater exchange
rate calculated based on the dye diffusion method turned out to be higher in general, and even if a comparison of
the sweater exchange rates calculated through two methods was conducted under the same condition, the results
were completely different. Thus, when assessing the seawater exchange rate, more reasonable results could be
obtained by either combining the two methods or selecting a modeling technique after giving sufficiently consider-
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ation to the purpose of the study and the characteristics of the coastal area. Meanwhile, through a comparison of
the degree of closure and seawater exchange rates calculated through Lagrange and Euler methods, it was found
that the seawater exchange rate was higher for a higher degree of closure, regardless of the numerical model tech-
nique. Thus, it was deemed that the degree of closure would be inappropriate to be used as an index for the close-
ness of the bay, and some modifications as well as supplementary information would be necessary in this regard.

Keywords: Seawater exchange rate(3l|5= 1. 35, Residence time(|+A1%1), Euler method(2- 4 #1%H), Lagrangian
method(@} 153 2H ), EFDC model(EFDC F2!), Jinhae Bay (13l 7h)

LA 2

el e dellok gl § i
G, ARA G B /\}0101] 9,1% g )

HoPég)kg] 71___10]7]_ % 35 km E}\ﬂﬂ}sk/] io] ES) xoﬁ
4 S AR ol Sl Aol 3 & ko 2 it
F00] 1020 m F&= Hi= %ﬁﬁ 15} = A
&l A ﬂltﬂﬂﬂ}ﬂ

J s
R, v, UVJL Jt 59 d:FﬁE 14%“&01 wxstal Qlet
Rafrtelrl o] sherm ke el Ade + 7R ?:EOJ ki)
T TR w5 AUFrEE B 0}04 dojufar glont
F2 7R E Sl o] o1 AE‘r(Moon[2009]). Zaft
o o] it glsfo} AAE o Sl HAY iRt M= sl
gho] A5 o® Qg o] AFAIRte] oA, 22 e A=Al
Fel= |7l 0] HaL, 2AEHe] FHH o] LTt A%
=A et

-

Y P B RN P
oo zRE|e] eealrt slelel A4S Zatstm Qovd, ¢
Slsl] shpaLgio] 4 ololx|A] eh= e 7h 3L ek At
Qo] shedel FFS AL A £F, ASF, WER, AR
oI, 531 ) ko] e A Uik 4 57k A%
5l ©J3) shrgio] AYEE 57} thitolch, ek we]
24 40 71015 s S90] ekl o)l et Be o
F7h Ak 55, FARGUES ol §alo] shrmES

A= W] 1A &850t 7] wite]] Wol o]8= 1 9l
th meey] sl rndhs-s APYshs Wiel= Lagrange W9 §
2525 2} Euler Wil &3 s 2RISR Alshe Wi u)
AR ELS o] 83 sl kS APYshs o] Qlok o] A i
S AR e 595 7 AL Qlo] ARE dolshA vERE 4= gl
rudes ek AR 7T 5 dAEAT S Aest
Surtellel= Ryu e al[1998]0] PR alrw ehe-S 71t <
77} O‘%W Cho et al[2010]2 Hltk: A 819 9] a5 A9
=S Ad&sh= 5 T2 o5y kol T3t ¢37-) Random Walkel]
o)} oy@@, uowj% 28314t} Park et al[2009]-2 Ak A

YAFFA RS o] gato] FAlFAIE 9 247 295
WEof - g dE Aol 243513 Th. Suh et az.[zon]%
Lagrangian®} Eulerian ¥ ¢] 48 F st 4 3o
AR A AL 2 2ulRe] o] Fgitel] A8ato] BE
E29& AAIE uE QTH(Suh er al.[2011]). 3 AR HS
st srUAl A= Kim er al[2013]0] wlabgboll A A=) Al &
o] &3t el EES I531| flslo] Dye IibES ARGS9
IR, Jang et al.[2010]> FEX18ollA] Sl ghAlAd A Xof]
Aru S AHgEhe 5 o EJUJOHAH S e Aol

AN

Am st Yo] g8 u Yok 2 AN St et E
AR 7E RIS Bk th3EZ] Q1 #24 wivkel Rlant
o] S5f-5-S ARSI, Q3T el §1A 7 2t vjRtel A 2]

SFIEES WA A YATFHT GRIL T 0.

= 247} Aol 2 ok sk,

=2
do
o
ol
ol
bl
=]
O
rE u
10 5y

QT o] Fan

el x

)

UEo® 173 A37HA] F30] Wil FEFo] nlf- F2 JrEE
o]FolA] Qlar, Fafrt FH-a] e fIx|gt vk o= 7]
FEE 741 QAL 272 &5 W dlgREo] nlekst z|olc),
o]E XL vid Aol WAks S23)7F A E a1 glom kAo
H572] ek AR E o]oj=|al gl Aot

S, S ghg AP B gl ko) 22 ejol

oA K13k
2] 3l (enclosed bayy= 2] (1)}

71918 152 += International EMECS Center{2001]
“HHA = A7 =T, o)
o] Aelstar Qi

JSxD\/WxD,y>1 )

o]714, si= whe] WA, Wi whE ZAe] 20], D
52, D= W A7e) S8 vehlse, o] gkl 717} 1.00]
30l A% A el oz Aelgiet. halA ol o] TEA 5
3 éH*JL%hM we olsiatar A\5sfel A} sh )
ol AT A5wA dsmee] 3

szl Fsh) sfelel 9,
)

qke] Hof

aT: OHT b m& -ll

% H -t
W, R, DA, v O A A4S T8, 2



AN ==

2.1 |58 =

2 Aol algke] AR UinbellA sl 2 st
£9] AR5 $5}o] EFDC(Environmental Fluid Dynamics
Code) =8 S AFE-33it}h. EFDC B 32 Virginia Institute of
Marine Science(Hamrick[1992])°l4] 7R 321l 72] 5 &
Fog o -wde AT 7 glom, AL A, T, 8- 5l
o] 851 3ltk. EFDC 23] 4~528HEok= Hamrick[1992]°1
& 123l RO R= Park et al.[1995]°1 2J8l 7= T} EFDC
T2 A517d 2] (continuity equation)} 25742 (momentum

equation), & % ¢ E‘_}—HL@” (mass balance equation), “12] 1 |
—E—E __ngq o1o:r_] SRRt

TAIAE

O
_‘?_53% T2 IO FE o- 5}474]2 /\]'
S5t 8 o 2= A e w2 FE A (curvilinear-
orthogonal coordinate system)& ARE-5k3L 1t} A2 2537
“F(eddy viscosity coefficient)®] 4 of]i= Mellor and Yamda[1982]°]
level 2.5 turbulence closure schemes AME-813L, 473 2537
“(eddy viscosity coefficient)i= Smagorinsky HE|E A3 T3k
AFHZ7 & M-S 2300 A7) 7hsstar, fA1d 9k 7t
3} Boussinesq TAFE 4-435hd 4 AEE VB S AN
skar Sl

A3 e Bl
60 km, 593 50 km=E ©
uk AAS F3kek ok 1,000 km*ZE B30T FH A= x ek

X o
OS2 1943 m~422.7m, y W&FSZ 1123 m~311.9me] A3

FE AR A ARG
3obe Telglon], wl oo

3 Depth Contour Map

x10

-20

25

40

-50

(a) Sea Bottom Topography

Fig. 1. Sea bottom topography (a) and Grid system (b).
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Table 3. Compare Properties at each bay
Item Danghangpo Dangdong Wonmun Gohyeonseong Masan
Total grid area (m?) 16,591,205 6,478,419 7,899,693 6,341,608 68,568,794
Grid volumn (m®) 75,829,604 56,181,048 52,582,744 58,382,423 597,715,569
Ave. depth (m) 4.570 8.672 6.656 9.21 8.717
Bay mouth width (km) 0.43 2.96 1.17 2.37 6.06
Ave. current (cm/s) 1.174 0.314 0.643 0.145 0.642
Bay mouth Max. current (cm/s) 24.137 5.082 6.541 3.073 13.530

Table 4. Seawater exchange rate by particle tracking method at each bay

Average exchange rate(%)

Locations Intial particle Remained particle Left particle
31day lday
Danghangpo 1,642 643 999 60.84 1.96
Dangdong 1,310 873 437 33.36 1.08
Wonmun 1,086 699 387 35.64 1.15
Gohyeonseong 917 636 281 30.64 0.99
Masan 21,085 14,654 6,431 30.50 0.98

Table 5. Seawater exchange rate and residence time by Dye Concentration  vJght Zo|g}ka & 4= 9t} ghalgulo] 79 glyakx] Q= =
method at each ba
y o m T Fak] AT OR S W g A A

Average exchange rate (%) Flushing time (day)

Locations oy Tidays SooL AT o] Q177 F7) wlel] AU 9147} thal f<18)
Danghangpo 146 4540 65,46 741 b, el Feph AN o R 2 Pelol 2 Utie] 2
Dangdong 1.34 41.46 71.68 3= YiRk=o] At whdel A agit e Q&) AP sl
Wonmun 1.38 42.83 69.40 3-8 0|73k JTES A A wk=t), SHA ) RS A 2]k 470
Gohyeonseong 1.10 34.23 86.82 gl Al 2h1ek] WP O 7 ALY S|4 ake-e SAksl Weolw b
Masan 1.12 34.65 85.78

EPLoL), dgshal pH o & A e el s Feta) A
welx] Ao o2 o) ez, ek el A4S Hsel
o shrmshae FENe] 7K e, vpiRlelA A B2k elsl) whe mbAuio sl ola) o) 591 o) 2Ale o

Sz, ol gFaERte] A7t vk Fok v fdshAu e A IR fdsARE, 5o Aol vk WA URE 5 T
Ahs fgol 7H5skE o] alrudkae] J3s sl Wiee®  folstid ek sl el 34 ¥ o] Fisky] wiikel sl ugt
Tk, FFante] - A4 Walel gt sl Abd &) ¥ Al veR S itk ol R 7B iRl Sla) AP &
Aol et el gt s dhs A At 2 Aol FudES TS 230 sl e o R e vaa
REA=, o= F7H el o3t o7} gaintel Ssl wERd = Qe ARG webA, slafss stetsl] S1gt &




FAIR S o g3k el Ly

Lagrangian Tracers : Initial Condition
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Eulerian Tracer : Initial Condition
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Item Bay area (km®) Maximum depth (m) Bay mouth width (km)  Bay mouth depth (m) Enclosed bay ratio
Danghangpo 16.69 20.51 0.428 13.15 14.86
Dangdong 6.5 19.45 2.975 13.11 1.27
Wonmun 7.9 14.85 1.165 8.8 4.07
Gohyeonseong 6.3 18.05 2.372 12.78 1.49
Masan 68.6 28.65 6.064 12.45 3.14
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Table 7. Exchange rate and enclosed bay ratio at each bay

Item Enclosed bay ratio Particle tracking method by exchange rate (%) Dye diffusion method by exchange rate (%)
Danghangpo 14.86 60.84 45.40
Dangdong 1.27 33.36 41.46
Wonmun 4.07 35.64 42.83
Gohyeonseong 1.49 30.64 34.23
Masan 3.14 30.50 34.65
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Fig. 10. Seawater exchange rate(%) and enclosed bay ratio.
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