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Abstract — Marine fish cage farms are causing environmental problems due to the generation of organic matter
such as fish feces and wasted feed. Modeling is used as a useful tool to derive management plans to solve these
problems. This study is to reproduce the hydrodynamic flow near the fish farm by using the Delfi3D model as a
basic study for predicting the impact range of organic matter caused by marine fish cage farms. The nesting-grid
and DD-boundary methods were used for efficient grid construction, and the porous-plate tool was used to repro-
duce the hydrodynamic change according to the farm facility resistance. As a result of the study, the hydrody-
namic flow near the farm could be well reproduced when the farm facility resistance was considered. The average
velocity across the entire layer in the area where the farm facilities are located was found to change by -58.80%
during flood tide and -62.63% during ebb tide. This study method is expected to be a useful tool when performing
hydrodynamic modeling for the sea area where farm facilities are located.
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AlRE Fashs 3 olF7FrE a3 ofF B 9 vlgo]
Al 22 A 77188 W&, o188 f718L 7le Yo}
HFH o= EHAHF FAH | (Silvert and Sowles[1996];
Fernandes et al.[2007]), FAE F7]18-& A% HAEY ALE &
H)3l §7] QUE-S diEdnt. ol FRUS e} b udS Ay
AA AT AR =] G v|ES 912 (Hevia et al.[1996];
Page et al.[2005]; Skogen et al.[2009]), S=2] E7| A& %
ANA HAET AMYEY T2 ¥3E £ 5 tH(Pearson
and Black[2001]; Islam[2005]; Hargrave[2010]). ©]2]3t B4 &2
FA 7S A FeH= F2% 9907 UdejA YrhPage ef al.
[2005]; Giles et al.[2009]; Navas et al.[2011]; Sanz-Léazaro et al.
[2011)).

7Rl HiEEE AT1ES YA SAGRAES, Bee ),
71re] AE BAGE dsh 2 5S8R, AR o)
uje} Sf|FEA ol vl A= ST W7 SERA Dotk waA,
olf 7Fre] A2 #Yg #AAE M= QA IE ¥
sl SlrE sl 3 A%, HEE v 5 A |93
5L 59 9L 2AE FEsl] EiRbs viE Fo7) Qi

A A 9 o35S Bl ekl vlo] 7ed RdEe &
83 =72 AMEHT Qi A 471 St vlaE s A
£ 5= DEPOMOD(Cromey ef al.[2002])2] A% 713 ] AR
Hi 3= 29 F stelr, SulellA = Y5kl Kwon et al.
[2005]°] DEPOMODE AHg-8F Al#|7} 1T}, 3149k DEPOMODE
FHA R FUT K542 AMSSHe Ao] YA ], ol 7]
B 373 9 9398 A =t 34971 5 Qe @Hol &
AZchBroch et al.[2017]). o]2 % EA1H-E 312517 $13] Broch
et al [2017] A|-83HE SFEE 1ejd 33l BefA] ARtE
T3S ARSI O Yot 213 AdE2] Adase] 9
3l kA7 Q1 S fo] Wslsh=d], ol %A 719l #7)
E9] JPHAE AYsh= F2F 2200]tk(Inoue[1972]; Grant and
Bacher[2001]; Wu ef al.[2014]). o]¢]| dleo] kA3 A E A
e mEe 32 FEEEe g A7 R YTHWu e
al.[2014]; Zhang and Kitazawa[2015], Jung et al.[2020]). W&}A,
oJF7FFEI%A 7191 4718 Asel dis AU Ad L o
& A AT E AFE 188 33 s R
938 5302 38 ¥ avl gldy ddEnh

B a7 i AR 71k f718Y] 439 d5S
A7 79 A2 o TR AEE Aol WidE s
TS Adske 2g 53oF 3

2. M= H Gl

2.1 Y5151

A7 A9 A shew Bad dAE A2 el AA

& o FrIFE kel o] R FolE SR ojFIIFEY
2]o] o]FiAH 12m x 12m F719] &3] oF 108717} HiA] =
o] gict. 2lo] YXI3 B =42 oF 11 m~16 m °]9 %273+
FANNA FAZ R P5S F40] ZojX| = HElE Yep
Ut}HFig. 1(b~c)).

22 29 AHY

Arrernd a7 A R AT AL AAEH. A
A 5L A, 27, 72 9 EEoltk(Table 1). 242 FH3l
FZAF(KHOA)NA AlFehs 39, o, A4dE 2 59 =9
54 A58 FHFASHANIFS)M FARE A5 5ok
217 HD-0UT) A=E AM3I3ItHFig. 1(a)). ZF+= 3he F2%
Ul-2](HD-IN, HD-OUT)elA AN AH5-8 ARS-31%).0 7 (Fig.
1), R UEFE 2-AF, FF 5L 525 A= dig
AR E ANFRT 7P RdoM g 24 A9 B
59 ZolE 13310 FAF WS 2 layer(EZ)S} 10 layer(#]
ZpelH, FAF =22 3 layer((E3), 6 layerG2), 10 layer(A15 )]
ok - HEL o, AT, 59 RS TFAE diF
A& AXSKIL

24 AL 93 Kim and Yoon[2011]°] #|A|§+ x5 71HE
(AAE, RMSE, RAAE, PME, CC, IA, MEF, CF)& AR5t}

23 dll+RES2E MY

Jung et al[2020]:> EFDC(Environmental Fluid Dynamics Code)
BHlg AMEalo] o Fi7brE A A E 8 {5 HE3tE Al
3k 478 A AF7IFESAR AEES] S8
G571 913 vlHZAA 24 m x 24 m)yE ARSI oH, Al Ee] 9
& ARES 1Eslodof M9 FF54S F AT + Av= 4
= YepAITE. sEAIRE, 2 AIEES F¥s] A Al
A7t A F AldEe] gl G7H] v TEE 29 AltA
7t FT7HE s, AR E Zolthg A de] BAsk= Zo] ofY
2} Al Eo] Ag AR} AFelA Ao WAYEF Hol e
AIE 71t HEE Qe Al AoIREE Aol B
SI5=% EFDC £AF =2 FAEAT, o33 2 vjA4
A7t b ERsRs BAIE 7o dEbA, o R7ERE %]
SR B e] K54S AFE] SlsiMe AelA AR FARE
AAE 5 e 2ddo] ¥ g3ty wE gt

B RS AES F 2 A7l Delf3D(https://oss.deltares.nl/
web/delft3d)S 43313t} Delf3D Rde 2= a1 #
A4 Deltaresel A et B2 tjoket AFALE7F 2om
A AAA| Al (o-layer, Z-level) A8, AZPE E, ookt 2l 728,
Nesting grid A=} 74, ¥H] 4<% (pseudo-nonhydrostatic) 5 T+
&t 715 X S 7HY). FARTE Nesting grid ¥
DD-boundary(Domain Decomposition) 7)52 883 5879 1
s AT B2 5 = E(porous plate) 7152 8
3le] AJAE A8 o3t R385} Alile] 7w Aol B AT



268 CIERES TRNEESEE BE S5

35.0 1

A i@ :ﬁ
e

0 Fish Farm

(108 ea)
|- HD-IN
O Hp-ouT

Fig. 1. Study area and validation points of hydrodynamic model. (a) all validation points, (b) depth and farm location of study area, (c) zoom-
ing-in view of study area, HD-IN and HD-OUT are expressed as HD in (a).

Table 1. Overview of hydrodynamic model validation data

ki Validation Location Observation Observation
point name Latitude Longitude. period frequency
Kwangyang 34°5413" 127°45'17"
Yeosu 34°44'50" 127°45'56"
Tide Samcheonpo 34°55127" 128°04'11" 2101055210002 1 howe
Tongyeong 34°49'40" 128°26'05"
HD-OUT 34°5742" 127°54'36"
P HD-IN 34°5739" 127°5434" 21.04.02~21.04.17 10 minute
HD-OUT 34°5742" 127°54'36"
Yeosu 34°44'50" 127°45'56"
T““S{’;'i:‘lgut;e & Samcheonpo 34°5527" 128°04'11" 21.01.01 ~21.12.31 1 hour
Tongyeong 34°49'40" 128°26'05"

AL 2] A% ARe 7lsos gaEIch B, - A AR o)F 3 A AN T g 7o) £E = A2
T TR AR 2k 718 PN R AEE A2 7RIh
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Table 2. Hydrodynamic model experiment outline
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Item Contents
Model Delft3D
Level-1 108.2 km (east-west) x 84.0km (south-north)
Salsiliibdton Level-2 8,859 m (east-west) x 8,232m (south-north)
Level-3 2,518 m (east-west) x 3,145m (south-north)
Level-4 1,425 m (east-west) x 1,445m (south-north)
Level-1 80x78, effective grid : 2,460ea
. Level-2 32x25, effective grid : 288ea
ERInT Level-3 36x43, effective grid : 925ea
Model construction Level-4 86x91, effective grid : 7,650ea
horizontal ; approximately 800 m x 800 m
Lovelt vertical : 11 lgger, o 4
Kniara hori‘zontal 1300 m x 300 m
R ——— vertical : 11 layer, o
Level-3 hori_zontal : 60m x 60m
vertical : 11 layer
sz Numerical map + To hic ma;
Depth condition + Precise topographigon%;?apa:ound%sh farm
Initial condition cold start

Air-Sea heat exchange

LDAPS (Spatial distribution of temperature, humidity, total cloudiness,
and barometric pressure hourly)

Input condition Wind condition LDAPS (Spatial distribution of wind speed and direction hourly)
Level-1 Tide : M,, S,, K, O, N, i
Boundary Temp & Sal : Yellow and East China Sea model result (MOF [2018])
Level-2 Water level, temperature, salinity result of Level-1
2 Number 108 ea
T Depth 5 m below sea level
Calculation period 365 day (2021.01.01.~2021.12.31.)

24 diRES2Y 215

T3] tig 712 Table 20| HERASITE 7FEa) ka3t Al
A¥d 5l AYs {53 AdE f8 e 39 2 gord=s
F 42 TS AXESIT 4 A FREE, AYE, &
2% 12 AUTHAEE ARSI 713 B d AEE 71
oA AF3H= LDAPS B AHE ARSI FHrde] =
A MPEARE 8 5] B2 ghE ARSEIseH, 2 2 9 7
Ae FEFTAE e s 753 ZIMOF2018) 2 %S &4
st A A=A 8l AT YA AEE 7|NECE viA]SIS)
o, Z} FF AL ES Zole 5mE FYH AR
365U 2 F 202138 o E Fitt. AR U AEE Ao T
HE 82 thaEelA AAsHAl A€t

2.4.1 AAT4
HAZAL Aol 29 8kF o R 138 Arle
12 m x 12 me]™ Zo]E= 5 me|t}. A B ELS AU B3
317] 98] BE 844 12m x 12 mE FAshs 2L v|EE
7-*10171 ufj - Delft3D°]l E3H¢ Nesting grid®} DD-boundary 7]
T2 AMSI AR TESIST o]8d 7)5-& AREE ALl

Nguyen et aI.[QD]l}' Hu et al[2015]; Symonds et al.[2016] 5-°] 1tk
Nesting grid 7]% e 24, 27, 72, 9%
=44 U%J ?HBW?%] ZH o= AME3R= ot} o] WS
Jung et al[2020] TR} HEEAR AAE B 5 = AHE 7
At 259 AE 1Esle] TS ¢ {33 nEsAL 3
A7t v EAlSRs @3S 7RI o8 fAES K] 9
3 2 domain¥=E FA} 3718 AH-FA sk QAT 5 =
Delft3D2] DD-boundary 71%5-S 5714 0.2 AN

AR/ A= Fig 20 YERY itk Fig 2 B9 2d=
] Level-12% 378131 2o nesting grid 7S AHE-sH= 234
2 Fig. 2(b)ell UebAn}e) o] Level-2Z A3t Level-1
9] A= Level-29] AAIR7I 02 AMGECE A BHL Level-
2, Level-3(Fig. 2(c)), Level-4(Fig. 2(d))2] ¥o2 TAH F
Aol AXFRALE. Level-2~4= A7 02 ART7)7t ZAsiesE T
AJ5]o] it Level-1-- 2F 800 m2] Zw7hA ZAzlo]n], Level-2-4&
AAAZ Level-2= 300 m, Level-32 60 m, Level-4= 12 m%
T8I =, Level4= 7158A1AE 37181 12 m x 12 m BA}0]
t} BE ARle) 352 A S oF 3 45 WEE A8
A7) H319 o-layers AHESH 1170 o= A8
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Fig. 2. Grid of hydrodynamic model (boundary data of Level-2 is result of Level-1 using nesting grid method. Level-2 ~ Level-4 are cal-

culated simultaneously using DD-boundary method).

242 NAEE A7)

AA| FAA A F FETAE B2 558 S5 I A
o] ofgt I AEE FAAAZIAY 13RS WskA fict. Delfi3Dell
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L5 ouA] EAAF(C, ) TEE R TERES
nojahy, 725 HFsh= 2l A f45S AN 1,
% 1% FH 9 {5378} FAE-E WA It Delfi3De]
T ETRE F44L vsT) gk
U(P) ol Ui S

Ax(y)
A7 My, = &P TR 5% H3Hm/s),

Ui, = A4 mn)elA &ndEo =22] -5 (m/s)

[T = 22912 el 4844 B8] 227 Gavs)

Ax(y) = SR3ZRNA x, y B3R 2] HRH7)(m)
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B 9 GE GRIsk AP 9e} X RARE o)
Ao AR A87)1%5¢ BAS shaitkFig 2(d). A4 WA
SYsp) BE A AR Aol ARE Ago] BAES
T, QJsR= U EAATE AR Bzi] & 9
AFES B9 07 B B 2A50] 1008 AHBEIRC
o, AR AR 20 A4 Hels P RA AR Zio]
s} S3-e meiste] 22t AT

3.40 % a3
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Fig. 3. Time-series comparison of tide level composed observed data (red circle) and calculated data (blue line).

Table 3. Result of various skill assessments for tide validation

Skill assessments Gwangyang Samcheonpo Yeosu Tongyeong HD-OUT
AAE (cm) 0.08 0.13 0.06 0.03 0.13
RMSE (cm) 0.09 0.13 0.06 0.04 0.16
RAAE (%) 3.22 6.05 2.44 1.60 5.82
PME (%) 11.47 21.30 8.74 5.72 2043
CC(-) 1.00 1.00 1.00 1.00 0.97
IA(-) 1.00 0.99 1.00 1.00 0.99
MEF(-) 0.99 0.97 0.99 1.00 0.96
CF(-) 0.10 0.18 0.07 0.05 0.17

*Bold: Exceed the assessment range (Kim and Yoon[2011]) of well-reproduced hydrodynamic model

Yoon[2011]0] #IA3F AAE(10% ©]d]), CC(0.95 °1d), IA(0.98 ©]
), MEF(0.93 o], CF(0.21 o)) 4 7153k& BF UEse
Ao= vepsitt.

HD-IN A7¢] 2774 B3= Fig. 49} Table 4¢] HD-OUT 73
Ao 2547% d3= Fig. 59 Table 5° JERYSIT. Table 42}
Table 5°lli= AlAE A3E 12i3 249 Abak(w), A1EE A3E
aejskA] 92 Bl ALEP), AIAE AT e Aol e B
A 72| 2o (B-wytel AAES Ut =7 dig Bk
Kim and Yoon[2011]°] #A|A] g RAAE(20% ©]u), CC(0.7 ©]’3),
IA(0.8 %), MEF(0.5 °14}), CF(0.5 ©]J}) &< tsloq ﬂﬂl%}
Rk HDIN 3739 U, V AES] AAE S AR o3 AldE
A& 1HE F-H7t 2 & A2@)el visl Lx14ge)
EE AL B g Yon, 53] AEES s AHFe= =R

oA 2 A7t F3% 2E & 5 AHFig. 4). HD-IN 732
24 57 AAE AR AEE A3 aEA] & B 2
A7t A Jehston] £3] 239 AS AEE ATS 18iEA
FoH(P) B7PES A Hov= A& E  UTH(Table 4).
HD-OUT 3739 U, V &9 AJAIE £ FF AL E A%
1HE Ayt APl o Fhor(Fig. 5), AVEE AY 19
Fr-Fo] W2 AF-E xjol= HD-IN K}k AA UeRITtHTable, 5).
A AR S 9 Br1E wet A BRSNS Hold 2
e EAERI. ol 27 #5 7Ikke] 169E vwA 2 71
olel= At HAFdo] P2 AIEE 598 SHSHA WdsHA
Z3 HEe 2Jg 2o R s} A R 7R 12mx 12m
|2 EF3E] o, 7] AILE wiRle] wE 1~2m 2H
Z o= Hojx gl Fio] EAEta FAF LS 3] 9
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Fig. 4. Time-series comparison of velocity component composed observed data (black circle), calculated data with cage effect (blue line)

and calculated data without cage effect (red line) at HD-IN point.

Table 4. Result of various skill assessments for tidal current validation at HD-IN point

Skill assessments

Comparison point

AAE (cm/s) RMSE(cm/s) RAAE(%) PME(%)  CCO) AQ) MEF() CFQ)

o B 114 1.60 15.50 68.73 0.82 0.90 0.60 052

ool B 11.93 14.01 13837 61355 0.79 0.39 2927 4.69
-0 L . o E A =U. =L "

10.79 12.41 12287  544.82 -0.03 0.51 29.87 417

o 177 2.10 22.08 83.53 0.90 0.86 037 0.67

(SuHrgfgv) B 14.79 16.99 18457 69831 0.86 0.38 4053 5.61

B-a 13.02 14.89 16249  614.78 -0.04 0.48 -40.90 4.94

. 5 710 839 2124 81.92 0.88 0.90 038 0.67

P B 6.64 8.28 19.85 76.57 0.91 0.90 0.39 0.63
-0 -0. =0. -]1. =5. N . L =0,

0.46 0.11 139 5.35 0.03 0.00 0.01 0.04

” 338 418 15.04 52.12 0.9 0.94 0.69 0.45

(Biﬁgw B 459 5.51 20.43 70.80 0.93 0.94 0.46 0.61
o i & ‘ " =1, a =u, 5

B- 121 133 5.39 18.68 0.01 0.00 0.23 0.16

*Bold: Exceed the assessment range (Kim and Yoon[2011]) of well-reproduced hydrodynamic model

A7} AR AT Fdzel 2L A5 bt 32 o]
T 2 TEY] ger) wisisic), T35 B Aol AJEE A3l &
e EAAE 4% 3 deid, A2 E 3 o=
FAH o7 914 & F7]¢ v E EXATE g
W& Fojt BP0 2, AFRA] FYF B0l
T A 94A190 wel B5ke] tEH o gAIdEe] f57A)
F3E v M A7) A% FRo] RS wEe] &
&757&9— A dEAS grsjo} 5 HAlE dolgith
T2 373 23 Fig. 67 Table 6 YERSITE. Ei& A
Aol i3 B7H= Kim and Yoon[2011]0] AA|E+ RAAE(10% ©]
u}), PME(10% ©]4), CC(0.9 °1’d), CF(0.1 W) Tl tiste]
A5 0H =20 tigled= AXE v} §lo] BET U W
HE AMEEIT. Yeosu BE-0] B4 Aldglo] #5gke] WiE S 7
AR £5te] cCgre]l BA JElR T 0l YeosudH #59]

A7k G5 JRE APHoT we Aot & Feind A
2771 ok 800 m TG Hhel, FAH FHL VI
24 o] 910 wekw,

B30 2 o} ATEINE W] A 271 =AY @
T7h DS, FYFNLEY FFE JPHOE W Y
NRE 27 T T ARY Ao} 4] A ] A
Fol, P AR ZASK: 199 ShRREL AR ol
AAE AYS BFH 02 Telsor d 2OE BUATHWu o
al.[2014]; Jung et al.[2020]).

3.2 QA AEE ME 770 ME siler3SHs

FAF AILE AT firFel WE &, F, AT 75 3
FGFA| 2 TR0 Fig. 7% Fig. 9°l Yeligl o, ojuje] #
& zlo] Bl {5 Wslel dist FIHNEESE Fig. 8% Fig. 1090,
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Fig. 5. Time-series comparison of velocity component composed observed data (black circle), calculated data with facility effect (blue line)
and calculated data without facility effect (red line) at HD-OUT point.

Table 5. Result of various skill assessments for tidal current validation at HD-OUT point

Skill assessments

C i int

omparison poi AAE (cm/s) RMSE(cm/s) RAAE(%) PME(%)  CC() IAC)  MEF()  CF()
- P 577 6.94 1835 68.05 0.77 0.87 0.55 0.55
© urf'awu) i} 6.82 8.29 21.71 80.54 0.82 0.88 0.36 0.66
p-a 1.05 135 3.36 12.49 0.05 0.01 -0.19 0.1

P 5.82 738 2150 75.76 0.85 0.89 0.39 0.61

(Eu?fﬁg) B 9.12 10.39 3365 11857 092 0.86 -0.20 0.96
p-a 330 3.01 12.15 42381 0.07 -0.03 0.59 0.35

P 5.20 6.19 17.23 61.90 0.80 0.89 0.61 0.52

(ﬁlljdd?gj) B 6.32 7.63 20.94 75.23 0.84 0.89 0.41 0.64
p-a 112 1.44 371 1333 0.04 0.00 -0.20 0.12

5 o 5.13 6.30 18.06 64.74 0.88 0.92 0.58 0.53
(iia?ddlgf) B 8.17 931 28.76 10312 093 0.88 0.07 0.85
pa 3.04 3.01 10.70 38,38 0.05 -0.04 051 0.32

- P 3.88 4.60 15.12 56.29 0.85 0.92 0.69 047
e B 5.46 6.68 2126 79.15 0.87 0.89 0.34 0.67
p-a 1.58 2.08 6.14 22.86 0.02 -0.03 035 0.20

P 4.76 5.76 17.66 64.55 0.88 0.92 0.59 0.53

R 8 B 731 8.34 2710 9906 093 0.89 0.15 0.81
pa 2.55 2.58 9.44 34.51 0.05 -0.03 044 0.28

*Bold: Exceed the assessment range(Kim and Yoon[2011]) of well-reproduced hydrodynamic model
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Fig. 6. Time-series comparison of temperature & salinity composed observed data (red circle) and calculated data (blue line).

Table 6. Result of various skill assessments for tide validation

. Yeosu Samcheonpo Tongyeong
Rl im0 Temp. Sal. Temp. Sal. Temp. Sal,
AAE (T, 0.58 1.52 0.87 0.70 1.04 0.53
RMSE (T, -) 0.70 2.51 1.17 0.85 1.32 0.64
RAAE (%) 2.31 10.01 394 6.05 4.54 12.71
PME (%) 333 4.96 5.05 2.18 6.10 1.61
CC(-) 0.99 0.43 0.98 0.90 0.96 0.85
IA(-) 1.00 0.57 0.99 091 0.99 0.90
MEF(-) 0.99 -0.03 0.97 0.68 0.96 0.72
CF(-) 0.08 0.62 0.13 0.47 0.16 0.44

*Bold: Exceed the assessment range (Kim and Yoon[2011]) of well-reproduced hydrodynamic model

ZUS7E 55004 ol Zaselen, 53] 43 A2
E9] JFS AR o7 = oA 1 A} 7K A8 AF
0% ZE 53 FA YERdTHFig. 7). A Al S0l
A7 92 FFIME -0.61 m/sec ~ -0.18 m/sec HHZ FH
-0.39 m/sec W35 01, Hdpdol| HX|T F2F AZelA 7 A
Al fo] A5k 25 H5H3182 -93.98% ~ -74.16% ML=
B -8949%= HEPsiTE S5 0.54 misec ~ -0.15 misec HHE
i 034 misec H3131 01, FE5H3ES -87.18% ~ -62.00% H4]
2 3t 81.05%= VEP T AFellA = 013 misec ~ 020 m/sec B
2 FF 00l misec HEHoH, FEHIELS 46.69% ~
104.66% HSZ Bt 2.05%=F VERITE 253 $52 37 Al
AE AHAQ] FFS do} Als A YERAIOH, 32

AR AAAQ FTE WA= A2 BE el Sk
o] WAL F&5AAT} -F5el vlF 2 JeRdthFig.
8, Table 7).
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Fig. 7. Spatial distribution of velocity according to the with (left) or without (right) of farm facility resistance at flood tide.
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Fig. 8. Spatial distribution of velocity difference (left : amount, right : rate) according to the with or without of farm facility resistance at
flood tide.
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Fig. 9. Spatial distribution of velocity according to the with (left) or without (right) of farm facility resistance at ebb tide.
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Table 7. Velocity difference (B-a) by layer according to the with or without of farm facility resistance at flood tide

Velocity Difference
Layer Range (m/sec) Average (m/sec) Range (%) Average (%)
1(Surface) -0.61 ~-0.18 -0.39 -93.98 ~-74.16 -89.49
2 -0.61 ~-0.18 -0.38 -93.67 ~ -74.07 -89.34
3 -0.60 ~-0.18 -0.38 -93.20 ~-73.995 -89.09
4 -0.59~-0.18 -0.38 -92.38 ~ -73.60 -88.51
5 -0.58 ~-0.17 -0.37 -90.88 ~ -72.56 -86.86
6(Middle) -0.54 ~-0.15 -0.34 -87.18 ~ -62.00 -81.05
7 -0.42 ~0.01 -0.23 -77.37~4.23 -55.24
8 -0.33~0.11 -0.16 -69.34 ~ 46.05 -36.84
9 -0.26 ~0.17 -0.10 -62.19 ~ 75.48 -22.37
10 -0.19 ~0.20 -0.05 -55.16 ~ 96.52 -10.04
11(Bottom) -0.13 ~0.20 -0.01 -46.69 ~ 104.66 2.05
Table 8. Velocity difference (B-a) by layer according to the with or without of farm facility resistance at ebb tide
i Velocity Difference
Range (m/sec) Average (m/sec) Range (%) Average (%)
1(Surface) -0.60 ~-0.32 -0.41 -95.52 ~-81.37 -90.98
2 -0.59 ~-0.32 -041 -95.37 ~-81.12 -90.81
3 -0.58 ~-0.31 -0.40 -95.13 ~ -80.70 -90.55
4 -0.57 ~-0.30 -0.39 -94.64 ~ -79.91 -90.02
5 -0.55 ~-0.29 -0.37 -93.42 ~-78.21 -88.62
6(Middle) -0.50 ~-0.27 -0.34 -89.59 ~ -73.83 -83.79
7 -0.38 ~-0.14 -0.24 -74.07 ~ -41.52 -60.92
8 -0.30 ~-0.06 -0.16 -62.27 ~-16.24 -43.50
9 -0.23 ~0.01 -0.10 -52.22 ~2.01 -28.86
10 -0.18 ~ 0.07 -0.05 -43.27 ~ 14.99 -16.05
11(Bottom) -0.13~0.10 -0.01 -35.00 ~22.22 -4.88

ZoX &= .0.50 m/sec ~ -0.27 m/sec "W E B4 -0.34 m/sec W3}
glon FEHEEL -89.59% ~ -73.83% HS)E Bt -83.79%F
Uepsith, AZelME 0.13 misec ~ 0.10 misec 'HE HiF -0.01 m/sec
Halgl o F-ABHE-2 35.00% ~ 22.22% W R HTF 488%F
Uepsth. A8 nRT IR FAFAIEES] 9IS AgEe e
vh= X F5ol F5747) 38 YERTHFig. 10, Table 8).
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FEHAELS -62.63%= LEFSTE. Grant and Bacher[2001]2] &
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& eIt

Jung et al.[2020]2] H7E= Wu er al[2014] A72HE 7)Hko
2 7L 58l 472 s8I, 239014 AFEARe] %4
2 ANAE AFo] AFel HEEE FAE 7 o] AFelA
f&ol Zashe 298 Jeigich &, st s9S g e s
Y WHE H L8 o o, NFEAEES] 9L Ald=

ROt 87 oHtt. ol JiAE] S8l & A7 %4
Z AEEC] o8 F3E AIE] BeJap] fst 11709 85
ARSI o] oA AJHE ZlolE WS AIEE AT
A43190th Wu er al[20141 S3dH] A7 AEE o7} 5
Aol Ak olatd wis Aol S71E A sigi. o9
AR £ A7s|9e) SIX]§E 27 AEE 2ol 4de] 4
gt o312 A7 AN AFHEe] SV Fo] ekttt &,
7ErEAlAde] 1A g Tkt #jge] 2 die] A8 7FsE A
o= gogdd

A g olF &z AR E AR 71D f7189 A
5 AAsH= 5% 29lo|th(Fredriksson et al.[2003]; Wu et
al[2014]). & A7A7e] e F9x S5 vt FAFE F
Ao f&o] Wsh= 9ol 500 m ©148l o2 Uebdth(Fig.
8, Fig. 10). @A) 5] 2d% A75S A¥EH Park ef al.[2009];
Park et al.[2011]; Kim et al[2016]; Jung et al.[2019]; Kim et al.
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