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Analysis of Harbor Tranquility due to Port

Expansion

Seung-Hyo Moon

Department of Civil and Environmental Engineering
Graduate School of Korea Maritime and Ocean University

Abstract

This study have examined port expansions plan for fishery port in the
east coast of Korea, accordance with permission conditions for coastal port
such as limit for the cargo volume and passenger demands on coastal
tourism belt formation. The site have been chosen as a municipal coastal
port by attracting the new ocean industry and building waterfront zone to
leap as a hub of new marine tourism.

The five major alternative plans are being discussed, which is expansion
of present fishery port on east side, different shaped of breakwater with
dredging and reclamation for formation of a new south port, and massive
construction on eastern and southern part for the future port expansion.
Additionally the characteristics of the target port have affected by the
fishery port function, consideration on an artificial island(M-land) project
which is a recent successful foreign fishery port had been applied to plan
F-land in this study.

Both numerical and hydraulic experiment could be considered for harbor
tranquility analysis on proposed expansion plan. However, due to experiment
limitations, numerical simulation approach was adopted for various expansion

alternatives. Five 50years return period of deepwater design waves were
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sampled and analyzed to use as input on the wave action balance equation
model SWAN and the irregular wave model Bouss—-2D based on the strong
nonlinear Boussinesqg equation.

Allowable mooring wave height and harbor tranquility were figured out
with both nesting method and reproduction of the strong nonlinear irregular
wave properties, and analyzed differently with each proposed expansion plan.
Results have shown generally high responses from Bouss-2D model and
this was due to more precise reproduction of waves under shoaling effect,
diffraction, reflection and other factors than wave action balance equation
model. Therefore, Bouss—-2D model should be used for harbor tranquility
analyzation.

The numerical experimental results showed the most suitable plan was
ALT-1, with satisfied harbor tranquility and reasonable economical sense.
The extension of east breakwater and enlarged turning basin of F-Land
plan have brought generally more stable harbor tranquility than ALT-1.
F-land plan is more attractive because of parking space for visitors and
fish storage space for fishermen. Also those results of other proposed plans

hopefully could be used for basic data for future harbor expansion.
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1.2 79 W& R H4

HoabE A By A2 Aasgom (R, 014, A5e 24 L 5E

T8 F42 Table 1.1 ¥ Table 1.29F 2t} Al 32 A= b7 EA 8 +4

Table. 1.1 Predicted domestic cruise tour demands (Unit : 1,000)
TR 2018 | 2019 20201 | 20219 | 20221 | 20239 | 20244
BE~S5 80.8 82.6 84.4 80.8 775 74.2 71.1
Sl
223.0 239.0 254.1 269.6 284.2 300.3 3154
(AetaF=)
A 303.8 321.6 338.5 350.4 361.7 3745 386.5
Table. 1.2 Predicted coastal cargoes at Gampo port (Unit : ton)
T 20181 2023 2028+ 2033 2038y 2043 20483
9 145516 | 152,183 | 159,155 | 166,447 | 174,074 | 182,049 | 190,390
= 57,160 59,779 62,518 65,383 68,378 71511 74,788
A 202,676 | 211,962 | 221,674 | 231,830 | 242,452 | 253,560 | 265,178
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Sm(U,Q) = A + BE(0,0) (29)

oA7IM, Av AP &S dnlstH, BEE 3ol A4 Aol

npehe] o %k who] Ny S AkstE  AE Phillips(1957)9] 9 &317]
T2 dbd 3= A0 2 Pierson-Moskowitz(PM) F3t Hth vro xFubo] A
4o A%sl7] 91ste] Cavaleri and Malanotte-Rizzoli(1981)2] A& A&k}

A= R o —{U.max|0, cos (0 —0,, }4H (2.10)
27Tg pw
o il Qf 5

H = ¢ ( ) , Opy= 28U*2 (2.11)

n} 22 % (friction velocity)= U3 o] mdo &%}
Ul = C,U;, (2.12)

o714, FEH U,< WY 10me FFolH, C,& vHEAS(drag
=

coefficient)
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1.2875 x 10~ ° for Uy, < 7.5 m/s

(0.840.06 Uyy) <10~ for Uy = 7.5 m/s (2.13)

CD(UIO):

ro

0,5 ¥, He ZH, 0,5 Pierson-Moskowitzol w2 43 wesl 3
221 e (fully developed sea state)oll A9 ¥ F3=(peak frequency)©]t}.
Komen et al.(1984)¢] 2% Snyder et al.(1981)¢] Ao ZAZ 11 g on

the Hoz vhehd 4 gtk

Pa 28 U*
Puw ¢

cos(0—0,)—1|o (2.14)

1714, ci= §1°4% E(phase speed), p, ¢ p, = A2 F71% sl Lol
t} o] 2o WAM =dox f&51 9l 2 9Z Janssen(1991)S A=
ol siel o] o7k widyk v JEAES e ste] thEd 2o

heba
e

B= ﬂﬁmxml(), —0052(0—01”)]0 (2.15)
&

o714, B Miles 524 ¥ dATNE AHEste] g doz 7

A,

B = 1—'22)\1n4)\ forA<1 (2.16)
K
6=0 for A>1
gz, e’ . KC
A= 2 r= m (2.17)
- 10 -
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1714, ki von Karman 2524 041% sk, 2, & e §5 xxolrh

240 RIS e go) 1FaY,

oftl

U. 2z, —z
Ulz) = n[ } (2.18)
K Z,
TEEEdolE te AR Addn
ZO
z, = —— (2.19)
TU}
1__
-

7|4, 15 F5 % (total stress)o|™, & doli= to AAX R F

2},

z = a— (2.20)

1714, a = 001019, 53 2 (wave stress)S A EZ o2 HE Aty

o,

Ty = PUJ//UBEUQ —dodf (2.21)
SWAN 2o A= oA dudt dwde] A3 z = 10 m AFelAe] &%
Uye AHEsel wEWOE BE Fact
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s5o] flvha 71gsl, N i AAEY Frre] 3ol
Aol AEEE O, €05 G2 ATt
ow
C'l’,O — %605(9)
ow .
0 = %Szn@)
1 6w dh
o0 =" % ok on
o714 ki Tol L n ThakAlel 27kl WAL wE o]}
the 7 7o) eikonal@ A4S A E3td
K*=1*(1+6)
A7IA v v o] FYH= FEAGo|T
A(cchH)
g o A& e v 2
a0 Eh)
G, = Cbs G = G, G = Gpgb= G+ 5 Coy
o714 5= +/1+s6°]th
- 12 -
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52
s

(2.22)

(2.23)

(2.24)

(2.25)

(2.26)

(2.27)



Ldo] A&H = FEEdd ot vk o 7HA W oR F3EH. A=

i)
>~
>
N
N
s
2
>~
>
N
K
off
e
Ot
ol
i)
K
N
)
o
r
oﬁ
o,
£

A}(specular reflection). 5 WA
= WkAbZbol b Zbat A A s A= e EAH(diffuse)d WHAk(scattered) WHAL
o g4kt HAE hARE FARQIe] w3k o] PejE 3w

T AR AHAEA W, YA K = daLet &
Heziy Fx2& HAd7A A9 $34(Goda et al, 1967)2 th&3 2t

Kt—05[1—51n(2 (H ﬁ))} for—ﬂ—a<§<a—ﬂ (2.28)

A7IM, F=h—d= WAL otal, H= AL, he TEEe Fol,
e gy, o9 g T2E H
AF-8- 3o (Seelig, 1979).

uh) A & A L4

A ot o R A4k AW wRE(bottom friction), #1 W% (bottom
motion), % F(percolation) 3 &2 A WA At (bottom scattering) 5 °l
o]sle] A3 (Shemdin et al., 1978), B2 TAH SBoA9 oyx X
b F2 ouhze] oste] wAdtl JONSWAP Aol ~dE”] by »
dof AR 7 Qe wpE 2AHA o] f & ¥ of(Hasselmann et al, 1973), 4
Y RYPorA mAAF MEo] AGdA oA x4, 53 Y EF
qaiA £ 4745 e o] 2t} Hasselmann and Collins(1968)& &2 w}
Z(drag friction)E 7122 & AAwE 24k v AY BRES ATk,
Madsen et al.(1988)%} Weber(1991)+= Xt} E33 o} F o] 2o AT &y
& aLkeRsiTh
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SWANE dof| = Amnpa 22bS AMEA] Weber(1991) 215 AR&-7HU

R4

0_2

Sipl00)= —GC

bottom 9

————El0,0) (2.29)
g sinh“kd

AN, Cpp® AVPFAAZRZ obel} 2ol AT mms AW FHOR
e e,

2
2= / / 7 B(0,0)dods (2:30)
‘ kd

JONSWAPOI A ALgd Z@AA B = Yol ez 48

NE Cyyrom = 0038 m’sec & ALE&Ith dutzoz AdntdAFs o

=

N

Aol oJ&3A % Bouws and Komen(1983)e] 3o thajiA Ale

RS

ro

Ciosromn = 0.067 m?sec *-& B ASolA Fa3 Aoz Busa 3tHLuo
and Monbaliu, 1994).

Collins(1972)¢] & &m 2 wadas e Ao S
Cbottom = cfw 9 Upps (231)

*171A, ¢, = 0.015°] H(Collins,1972).

Madsen et al.(1988)2] <}/ EZHA A= ofgfle] A& AMESHr},

R4

Cbottom -

9
= Lo U 2.32
2 fwr u7ms ( 3 )
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oA7NA, f.2 T2 vEASZ Johnson(1966) &4 2 X E T8 At}

1 1 a
4 V f wr et [ 4 f wr } mf o0 [ KN }

o] 714, m; =—0.08(Johnson and Carlsen, 1976), Ky= A 2= ax= A

W 2o A YA 59 FE(excursion amplitude)©] t}.

_ 9 / / L B0,0)dodt (2.34)
sinh“kd

o714, a/Kyol 157 Rth Zom 9 vpaAS fo= 03002t

(Johnson, 1980).

Hh) oo o ol |g A &4t

dele] gFge s FAalel ofste] BAst= Tt og T o] Ak
o] ALtGA = F3k(bore) o] HEE 5 dtH(Battjes and Janssen, 1978;
Thornton and Guza, 1983). 3} A2t ~HE" B¥ 542 97 v
2~H e YAoeE JdFS FA %= F o= Battjes and Beji(1992) 9}
Vincent et al.(1994)¢] Ao =HY fFFHr} o] vl o= Eldeberky and
Battjes (1995)+= 35 ~#HEf o] v st M3 24 324& =&, o

Aol SWAN Zelo] A ALgH s 25 24 @40,

(2.35)
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A7IM, ap/is BAEFEA T 102 A8 Q= ot Aoz

SWAN =mdox Hdgx H =yd= AEH, ~9

Nelson(1987)2] 2]-& A}-&3tt},

v = 0.5540.88e 0120 for 0< 3<0.1

o714, g s AHS A Aboltt

2.2 Boussinesq 34 »d

Nwogu(1993)= T}a17} FAlo] H]sle] 283 2 Ao &
°fH] M@ Boussinesq WAAE FEIIRLH ASTANH} TEF

77t e )

_16_
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(2.36)

(2.37)

ARkl

(2.38)

-

1



n,+Vu, =0 (2.39)
ua,t+gv77+ (ua.v)ua+ Zoz[v<ua,t. Vh)+ (V'ua,t )Vh] (240)

b5 (2 P = ] (V=0

W ATMSZRE #% ()l A99E 20, v=[2 L] 2ar1en
QA 29 g BARE, 1= AL, A ASUE A g AMRL
o v gk,
A%y 5% u e Ao Fopar
n
ufZ/ udz = (h+nlu, (2.41)
—h
h
bt 9 IR (V) v
(za-i—h)2 h2
+h[ 5 g | YVt

Uy 1+ gV T (U, V Ut w, Vo, (2.42)
(20 =M [V (g VR (V) V]

—_

+— [(za +h)2 - (h+77>2] V (V)
Uy h)+ (h+n)Vouy, | Vi
(G VI o, 1))

oyt

_17_
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= () [t | (2 B 2| [ R (9 R (2.43)
Za+h2 2
[( : )_m;m V(vu)

o71M HAF p= FREAAMY #®E vl we =dAe] AHEEE Y
Ebvitt, zejar A Boussinesq WAA S AMESE A9 2, = U 4

o 25H Atdd.

z,+h=0.465(h+n) (2.44)

7hH A EA#A 2
Boussinesq WA Aol tfgl FAFAA A2 F&5o] Gy = FAd uwet |

stal o5 2ok (Nwogu, 1993)

C* _ L* | 1—(a+1/3)(kh)’

—= (2.45)
gh  T? 1—a(kh)?

A7NA € LR Te 27 e gansy, 38 9 Fl0H, ke

G (=2n/0)01 3, a=|[(z,+h)}/R2—1]/2 °1v, af] HAAHL —0.3028 o]

«

2z, =—0.535n°) 3 gt}

W) Y BEFEA A7 A de
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dExre] v oA ke dfHo] npgo R RE U AE Ao

gpgto] el RS & Adsta glom AdfolAe 43 s AL o] A

Hj A el Aoz dex] drh.(Hasselmann, 1962) ol A= 430 A5 28
&

zo] el Ay} A walstu e 430 Fo g2 A8

2 ARstel AEL a0, 0 AFHEE w, w, HFE by, ky, 2L 3G

< 0, 0,73 3t Y WelE og 3 2ol Ho% 4 gt
' (m,t)=a, cos(ky @ — wyt)+ a, cos(ky T — w,t) (2.46)

A7 A k=(kcosh, ksinp)e]® e A
o sharo] s AL YEhE 2de o 2o

fols
2
o
2
L
—
2L
otk
ftlo
Lo
=)
ol
ol
H
ol
=

2
12 et = o G (st By )0 (b — 2u0,) (2.47)
aj
5 G (wy,wy,0,,0,)cos (2ky @ — 2w,t)
+a,0,G % (wy,w,,0,,0,)c08(2ky @ — 2w, t)

714 ky=kt+kolH 33 Fzzee 4

B=)

2 A] 31349l Superharmonic

A& (wy =w, +w,)? AF7} subharmonic ¥ (w_=w, —w,)°] F7FHO R
dAst= RS & T Ak

ro
)

¢

23 WY FEAEAT Glwpuy0,0,)E He3t 2k
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(2.48)

0, — 6,0t}

h)?] o1, Af

+

2k, 'k, h?
[1—a(k,h)?] [w,k, Bk 7 £ kyhcos A0+ wyk, Bk hcos AO £ kyh) |

2\k, 'k, h?

h[1—(a+1/3)(k

+

wywy(kyh)? cos AO[1— (a+1/3) (k. h)?]

h)| - gk

[1 _;‘<ki

(wl,w2,91,92)

Gy
w
+
+

A

B
ol

|
Y

Al

}

0]
pul

e

%14

el of

<

il

=

&t717F vl ofH 7] o

o

%) 49
s}

=

=]

Folux mgow %

&

e Mg ke 1-

o
1=

=

Bouss-2Del| A4

b

°

el

=

=

B

A

e
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rlo
(o,
20
ot
ftlo
o
N
N
ol
0
rE
o
)
ul

1
Fln’eaking = h——i—nv [Vt<h +77)Vua] (249)

A7IM v EFeAE A=A HAutel oF

FEEAUAS k, el 2

olfEE et ahd thad) ol

7= F Uk
v, = k|, (2.50)
A GReEAL) A4, ol S 2 24e Bee 1AL g
7} g,
ok,
E——u Vk? +oV: V(Vtk) (251)

I
+B

/Co

P D) 2711.5 ki5
(_U) +(@) } ot
oz g l

n t

(2.52)

g4 Bouss2DllM $d&= Ab)=—n/| V| ZFEH T3, Gyt o= B3

gz 247t 0029 028 AFEahE el 7o

TRZE folug g
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) Awnpz

1
Epviction == 3y bl ol (2.53)
714 f, = sherel o3k AUMRAFRA AFERy 2SR AHEEE

Chezy 45 (Cp)& A8k ASole f,=g/Cfo] frh

, =—ma)n (2.54)

== @)y, (2.55)
T

Lhq() %u(x) (2.56)
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uh) o PRE

el

%

—
fite)

(2.57)

(2.58)

102

A
A

!

[e]
= 4

3 2

o
1=

AFZA o

2

A7 f,0 5 424 FF DGR w6

B
e

(2.59)

(2.60)

)
Y

17]

24 77 780 ~ 1500 B 15 ~ 369 #= =t
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23 29 AF

2.3.1 BIA AFHFANAMY H

Bouss-2DE ATst7] flste] 5 Zbe WukAle] dHS Rosta

[saacson & Qu (1990)e] FX|AAtell AT ALF ZAapel vl - H 5319 th

aeke] S 2ot on, Ak & 1200mx600m, 4 10m

il AgE-e] FL2 120m, AAlAM = HRARE ojAlE7] ffste] F 60me

!
e
o
ol
ol
X

“
sl
=
8
4

N
]
¥

ey
o /4
kS
=
N
H
©
=
N
%
fu
-
o
B
4
jubad
S
8
o
=

g A gd(L)o] 60mol=z s E& shgu] 2Le] s, AxrEe
Az = Ay=30m, At AIZZHH-L At =015secE A&ttt vl 182 7|
T AR gel g gunz JtEF 9 AZFe AEEs gHE e
Aotk Bouss—2D W] rH st A9 Axjo| Al WabAl S| vt vk

ol M= ool Xlgo] wAsk=H|, o= WAFE AAlCA wEAbste] 7]R1% A

HAEY HFIFTEZAGF (Peak enhancement

a=90" Z AZAYA e ALR HGov, YAt S 2AOE 49
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& Tr
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X 4
2
= Helmholtz
- BOUSS-2D
0 | ] |
-10 0 10
x/L (m)
Fig.2.1 Comparison of relative wave height (Regular wave)
10 - "
n -.:I'-ielmholtz
8 M\ QN (Y BOUSS-2D
= B6)
& R
~ - .
= 4 — 2
2
- - T,
910 5 10

0
x/L (m)

Fig.2.2 Comparison of relative wave height (Irregular wave)

- 25 -
Collection @ kmou



2.3.2 HHF- 3 A o A o] H| L

7} Boussinesq

tol A 3] d o] &(Goda, 1978)oll A A & Ef

)

==}
=

a

B E

?:51_

\

ot

=]
&)

_(H

oAt

fite)

R

Goda(1978)1 €]

KeR
L

Fig.2.3

3]
22l

5

ATE S, .= AoHrt Bouss—2D

Mitsuyasu

g3 SWAN 249 A3loA = JONSWAP

oy
2]

tom oju) 37 L=100me]t}.

S

12me] o= 43

N AR TEEIE
\ SN e
AN - AN
= RS A Y
et o ? \ ..__.
nU.u...Aur.u Z 7 ﬂ .__.n
/1’4 /O/TIA_.I.\ R
= Teto [T TSN
ke R TN R
=L =
e T i = e woers ol
n_m.U-l\\\_ \ \\\
—_— o \ 7
\I\ll\\l \ \‘\
/
=1 =4
— ‘1
Vi
/
/
4
< o o o] (=] < [aV] o
- - - 3
=

0
x/L

Fig.2.3 Diffraction diagrams for irregular wave (swell-type)
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oA71A WutAlel FAYFon st F AYPFS AT AEE

4‘4’4 J—]'X]—(L)OE Tﬂ'%ﬂ‘ /\]Zﬂj\]:]— _j_a]:\z ]/\1 W= iq_q %ﬁgﬁ‘ o]
A &

23, 342 SWANS Z3 A2 Bouss-2D9] ZAHAY, AL u|Ad
g Agd Aol
14
7 Constant water depth
1.2 H:lm, T:105ec,L: 100m
1 ] ) P EIP APPSR —— y/L=1: Bouss 2D (Strong nonlinear)
1 - —— o — — — e e P |eseseseene y/L=2 : Bouss 2D (Weak nonlinear,
©08 e "::"\ — e o = y/L=2: SWAN ( '
E_ I — \\( ¥ X * vIL=2 : Goda Theory
L 06 — ; G :
0.4 \‘\
B ‘!‘-5__1 ..
0.2 B , "'--._-_:__-o-_n:.. A TR
0 T [ ] | [ I I — T
-4 -3 -2 -1 0 1 2 3 4
x/L
Fig. 2.4 Comparison of theory and computation for semi-infinite breakwater
(Y/L=2)
14
B Constant water depth
1.2 H:lm, T: 10sec, L : 100m
1 - R R R T ——————— y/l=4: Bouss 2D (Strong nonlincar)
—T o = m— — _-__ * i F |essssesses ¥/L=4 : Bouss 2D (Weak nonlinear)
©08 :‘E'_\'.: "'t"~-t_. — - — L4 SWAN : }
E . ] _“"--...a,‘:‘\\t‘ .l ¥ X * ¥/L=4 : Goda Theory
T 06 — : 2;;\\;;
0.4 ~d
— . e
0.2 S i
o — —
-4 -3 -2 -1 0 1 2 3 4
x/L

Fig. 2.5 Comparison of theory and computation for semi-infinite breakwater

(y/L=4)
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— Constant water depth
1 2 H:Jlﬂ.T:&xﬂt‘.krz‘tJm
1 _‘=-‘-‘-- R f‘ﬁ!“u‘otka 5 L4 ; Bowss ‘el
¥ 08 | = e S X % e
— LY
I 0.6 \\‘\; ;"-n-a‘ *
04 — S
0.2 _ w‘.::;:sfvi'sisaul
— ="-'—--ﬂ"'?-—_.:..__——-,_,—-_._._ -
0 | 1 | | | |
-4 -3 -2 -1 0 1 2 3 4
x/L
Fig. 2.6 Comparison of wave response at y/L=2, y/L=4 (H: 1m, T: 6sec)
14
1.2

T !

T 08 — VT Rl =

T 06
— Constant water depth
04 — H:Im,T:6sec, h:20m
_ x/L=0 : Bouss 2D (Strong nonlinear)
02 sesssssssssss xL=0: Bouss 2D (Weak
. —_—- xL=1 : Bouss 2D (Strong nonlinear)
T - - -- ®/L=1 : Bouss 2D (Weak nonlinear)

0 T N

[ ASASAS RS ST

Fig. 2.7 Comparison of wave response at x/L=0, x/L=1 (H: 1m, T: 6sec)

Ueo® dupel o] Ak niddAde] e dAzE G Al 5 71
Zz1e] tiste] wlastaak ahivk Fig. 288 wrprh AAG e e
ZollA h/L=0.36= H/h,=0.22F%=0|, H =d44molt}, uwepr Wbz

B 9% wabEE PRt 932 neste] s 3mi skl wAgEA
2 wgT 4P AYssich
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Lo, o P a
: 1/30 ~~ N
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‘\' N
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Fig. 2.8 Goda’s breaking limit

9 ¢t Fig. 2.10% o] ofnj g =7l Azt
7F =AU s SR1E = Atk ol ™ xelA 3d, T, Awet

HYY SAER Astel Pl Pavt Yol Aoz wrk

WA Selvh ek GARACNA FAI el #AE guagel A s
Imel A share] w3
o Aol A9l tEhbA ergitt.
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Constant water depth
F:3m, T:6see, i : 20m
yil=2:
yil=2:

ViL=4 : B
_____ yil=4 ; Bouss

LT v/ : Goda Theary
M YL~ Goida Theary

Bouss 213 (Strong nonlinear)

T

)

e S NS

H:3m,T:6see, h: 20m
®/L=0: Bouss 2D (Strong nonlinear)
--------- x/L=0 : Bouss 2D (Weak )

Constant water depth

......

xL=1 : Bouss 2D (Strong nenlinear)
w/L=1 : Bouss 2D (Weak nonlinear)

Fig. 2.10 Comparison of wave response at x/L=0, x/L=1 (H: 3m, T: 6sec)
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14
— Constant water depth
1 2 H:Im, T:I12s5ec, h:20m
L R A5 2= Y0
~ I -0 o L N
: 0.8 5,
-~ — g\'*i‘.
I 06 : \;"-a-‘t
0.4 B ‘\R_o”':: -
0.2 ] NML‘B‘!‘:‘:\“"*"‘ PR
| Eiaeeas e AL R LA L
0 I — | |
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x/L

Fig. 2.11 Comparison of wave response at y/L=2, y/L=4 (H: 1m, T: 12sec)

14
1.2
1 NI CALA Ao
| — \‘/‘\_/‘- - \\)u[..\.—’/ j — ——
I"-. 0.8 v T e
X 06 —
I — Constant water depth \“‘*“*-* et
04 p— H:Im,T:I12sec hh:20m
— xL=0: Bouss 2D (Strong nenlinear)
0.2 — < o 2 (Strang moian
T - - -- x/L=1 : Bouss 2D (Weak nonlinear)
° T T
-4 -3 -2 -1 0 1 2 3 4

Fig. 2.12 Comparison of wave response at x/L=0, x/L=1 (H: 1m, T: 12sec)
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Fig. 2113 Fig. 2.12+= 33l ImeollA ofn)As %=
AARZ GA] Zpol7t A §le Aoz ey gk

280 AAF HIAAFS AHE Ay g Zol|X h/L=0.15% H/h, =0.43%

Y

oM 5 7k 71H e &l

o} FYU3k WHo R Fig.

-

LolH, H,=86meoltt. 3o nAdgds £3ste] 7IMe] Aole adds]

Al 9 3m B Tme] o ® FALHS TS

14
— Constant water depth
1 2 H:3m, T:I12xsec, > 20m
ouss 21 (Strong nonlinear)
1 _ M S i f"ﬁ't:.ot *a
. *x
I- 0.8 *a Ca
3 - - LI
I S e T

1.4
12
1 oy
I“. 0 -8 _i’- ‘--— \MW}J‘{\ f‘ ———
T LV W D S st
X 06 -
04 | RO —
— —————— x/L=0: Bouss 2D (Strong nonlinear)
0.2 — T i e 10 Soons emton
————— x/L=1 : Bouss 2D (Weak nonlinear)
0 ‘ | | |
-4 -3 2 -1 0 1 2 3 4

Fig. 2.14 Comparison of wave response at x/L=0, x/L=1 (H: 3m, T: 12sec)
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AL golakeith. YA AN E ok AE 2o A ut o) Aule Aol 2w}
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7 AY Aol e BEAQ weEe] e MAPEgel dofub] witol

1.4
— Constant water depth
1 .2 H:Tm, T:I12xsec, h:20m
<08 e L
i 06 e i S TR
B TP, & i, Pog ke
0.4 m et Bt = e e,
e o Ty
- S u"r;n."‘--
0.2 B Eroman eSS S Ane
I —— e —
0 ] | |
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x/L
Fig. 2.15 Comparison of wave response at y/L=2, y/L=4 (H: 7m, T: 12sec)
14
1.2
1
= 0.8
< i
I 06 - % T
— Constant water depth ¢ “\ -
04 — H: 7m.:'inffnselv. :l:iam ) Sty
0 — T T  Beam 2D trams momiean
T == - - - /=1 : Bouss 2D (Weak nonlineary
0 ‘ [ | I
-4 -3 -2 -1 0 1 2 3 4

Fig. 2.16 Comparison of wave response at x/L=0, x/L=1 (H: 7m, T: 12sec)
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Table 3.1 Characteristic of winds at Pohang
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Table 3.2 Occurrence of wind with respect to wind direction (unit : %)

N |NNE| NE ENE| E |ESE| SE | SSE | S 138 N

.o{g

R
R pefl oot

51 | 78 | 105 | 28 | 22| 07 | 06 | 07 | 12

Z3F | SSW | SW | WSW | W | WAW | NW | N\W | F=
=4
48 | 191 | 239 | 81| 39 | 41 | 32 | 12 53
H 5=
Ats) 71 AR(ED), 2016
Table 3.3 Characteristic of air temperature (unit : C)
44
e 1 2 3 4 5 6 7 3 9 10 11 12
| Hir | 18 38 79 138 | 182 | 214 | 49 | Q7 | 216 | 166 | 103 | 44
7
o i | 65 & | 127 | 189 | B2 | KL | B7 | D4 | A3 | 24 | 152 | 92
A | 20| 03 | 37 92 | 138 | 179 | 20 | 29 | 184 | 125 | 61 04
A8) 714 R(ED), 1980~20101
3.2.2 3%
1) 93

qgalede] AadATge] 24 daled A AA T FQuaA (B

o

O

A€, 2005, 12)"e] AR E o]&3to] Fig. 329 o] ArdidA A

oz YFrtes Axgded dste] 509 Hlx= HAa|dASE FE5 A
AE 958 Table 3.4°] A& st
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/ MIDDLE

X 077117

N 4.03 m 8.08 sec
NNE 6.19 m 9.96 sec

_____________
_____________
_____________

(S 8 RO e AN AR O

X 077118

NE 6.54 m 10.06 sec
ENE 6.56 m 10.05 sec
E 8.59 m 12.21 sec
ESE 9.34 m 12.61 sec
SE  9.50m 12.79 sec
SSE - 8.08 m 12.04 sec

WIDE X% 077119

E 8.60 m 12.14 sec

e e IR

Fig. 3.2 Referred grid points of deepwater wave input

Table 3.4 Deepwater design wave height and period

et S 0 0 50 100
E 502 m 6.72 m 779 m 9.19 m 11.20 m
Position : 077117 /9.35 s /10.82 s /11.65 s /12.65 s /13.97 s
NE 6.02 m 6.28 m 6.41 m 6.58 m 770 m
Position : 077117 /9.70 s /991 s /10.02 s | /1015 s | /1250 s
ESE 541 m 7.19 m 8.30 m 9.76 m 11.84 m
Position : 077119 /951 s /10.96 s /11.78 /1277 s /14.07 s
SE 540 m 7.10 m 8.16 m 9.55 m 11.53 m
Position : 077119 /957 s /1098 s J11.77 s /1273 s /13.99 s
SSE 518 m 6.56 m 7.38 m 845 m 9.94 m
Position : 077119 /9.60 s /1080 s | /1147 s | /1227 s | /13.30 s
- 39 -

Collection @ kmou



1% 24 Am W BAAHRE dda i) Ede] £9% Table 35

oF #ow thExHFLFH 186cm, AZHF1EW 16cm ©]il, Hia|H

Table 3.5 Tidal levels of Gampo port

T2 % 9l(m) x4 =
SFH P TZY (AHHW) DL.(+) 0.262
0.300 m
1o o= [y =) (HW.0.S.T) | DL.(+) 0.186 0.262 A.H.H. W
0.250
¥ L% 9 (HW.OM.T) | DL.(+) 0.173
£.00 0.186 H.W.0O.S.T
2Z9d02Y | (HW.ONT) | DL.(+) 0.160 | ——— i ot
olgls 0.160 H.W. O. N. T
o s (MSL) | DL(+)0.131 %‘10 ; (it P
2297429 | LWONTD | DL(+)0102 |82 s 0100 N -SeatwW oW T
0.076 L.W.0O.S. T
Hit Az 9] (LW.OM.T) | DL.(+) 0.089 -
HzF#Az9 | (LW.OS.T) | DL.(+) 0076 oonl L6000 AL L
DL.(+)
oFx] A Az 9 (ALLW) DL.(£) 0.000
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Table 3.6 Model range and sea level condition

A&
T 2
9 % 2 o CI
SWAN
(& al—zg—.&rﬂfsﬂul—zq/\] 7))
SWAN "L]- [¢] O "0 O O 0o 1
AL g R &
(T2 s =d)
Bouss-2D
(Boussinesq ®A2] =d)
2] | 20.0kmx30.0km 8.5kmx*10km 2kmx3.2km
g
A &4 dx=dy=100m dx=dy=50m dx=dy=10m
T4
A<= | 20070 x 30070 17078 x 2007H 2007] = 32074
e ok 131 %9 DL(+) 0.262m

(Fig. 3.3 ~ Fig. 34).
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Fig. 3.3 Bathymetry of the wide area
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Fig. 3.4 Grid of wide area
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Fig. 3.5 Bathymetry of the middle area
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Fig. 3.6 Grid of middle area
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Fig. 3.9 Alternative 1 & 2 and cross sections for comparison

Fig. 3.10 Alternative 3 & 4 and cross sections for comparison
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Fig. 3.11 Alternative 5 and cross sections for comparison

wAbge]l Hge WA AE 2 Goda oL FAuste] ATz

0.90, ¥rkafet 0.2, TTPY A 052 283t tH(Table 3.7).

Table 3.7 Applied reflection coefficient

Formation Reflection coefficient
Wall(Crest on SWL) 07 ~ 1.0
Wall(Crest under SWL) 05 ~ 0.7
Rubble(1:2~3 slope) 03 ~ 0.6
heteromorphy bloke 03 ~ 05
Natural coastal 005 ~ 0.2
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Table 3.82 ALY 7F AAG kol &ol AdS =dehA &= I

3¢ gE=2 s gloln, 7t vete] Station A ~ AF 7bA R-Felg A
&ol(Fig. 39 ~ 311 A4 FuExws stolsi AT 4w ofn

Table 3.8 Wave height limit for port users

S &t 7b s gkl A+ 7}s 3 aL(m) guk7}s 9k aL
o (m) EEL 7 (m)

100 T o3 H e 03 ~ 1.0 02 ~ 15103 ~ 1.2 03 ~ 3.0
Ee T 0.55 0.84 0.68 1.60

100~500 T H e 03 ~ 1.0 03 ~ 15| 05 ~ 14 05 ~ 3.0
Ee T 0.60 0.97 0.82 2.30

500~1000 T H e 05 ~ 1.0 05 ~ 15105 ~ 08 05 ~ 35
Ee T 0.67 0.91 0.70 2.82

1000 ~3000 T H e 05 ~ 1.0 05 ~ 16 [ 07 ~ 10 1.0 ~ 4.0
Ee T 0.75 0.95 0.82 3.25

3000 ~5000 T H e 0.7 ~ 1.0 07~ 20108 ~ 1.2 15 ~ 4.0
Ee T 0.80 1.18 1.00 2.75

5000~ 10000 T He 08 ~ 1.0 08 ~24 | 08 ~ 15 20 ~ 44
Ee T 0.91 1.40 1.15 3.20

10000~ 20000 T H e 08 ~ 1.0 08 ~ 24| 08 ~ 20 20 ~ 44
Ee T 0.93 1.54 1.40 3.20

H e 08 ~ 1.0 08 ~ 24| 08 ~ 20 20 ~ 44
20000 <% At 0.93 1.68 1.40 3.20

A) AN, 1974,

e
e
o

Fyh7]< 8 H No.2l

_51_

Collection @ kmou



/};}

A4 FALE R

o
ik-S-

et

w

s

A" 571 ¢]

, HHellM e 57HA €]

shelut.
bl o,

]

R
[}

=3}

)=

Al

=

=

ato] At

2 3T A3E #Q
o

o

[e]
2

EAS BX39 3, Bouss-2D Edo| A= SWANe]
= A

H

o)
== [e]
BFds AA

7~1

41 B9 4343

A 22

o] A €]

ko

ke

Tr
N

Nlo

T

£

i

S Al %] 24 ol A

Al
o

-

1

©] 9.07 ~ 9.25m, SSE

] 885 ~ 897m, NE 3}
ATt Figdl ~ 45

T

2

o~
T

[}

9.37 ~ 9.56m, SEI}

°] 789 ~ 82Im=E WESOH

51

T

<

AAANA e s Bt

H

Q)
°] 6.40 ~ 6.48m, ESE 3}

AUA 7 2 & AdEHE A4S Fel

3

<

3

grom Azt e Ao wol %ol el ekl

[}

\

Bl

hSS
o

y

—

W

W

e

=y
Do
il
=
il
TR

—

<
&+
o)

o

_52_

Collection @ kmou



30000

e
o e i g 2t ]
e B

25000

Fer A A b
S L R A BT AL e L LA L B B

Trrrrsrrrr e s e e s e e e e e s e T e e e e ey |
e e e e e |
] P B
e e e i s e et b i e

e i o e :‘:'é

e e

20000

e e e e e e e e e 5 ]
O

o e e e e e e e
o e e e e i e e B

B e T R aLaLE St
] ——— - ——
- i e e e 2 e e e

0 B B

A e e e e I e e e

e
,F,-HP-H__--_*--_h_ig

A T e e e e B T e e e e e |

a g e g e e e e e e e e
B

15000

e e —
i - NEMDE e
e
FrTrrEr TR TIEETI R R TI e
PO 1Y s e e e
--...-m--m--------;m-}--.-u---m;-uu;.--.uu-;--n-m-
——— - T e e e e e e |

o s :

PRy 15 1% : e

e B e e sl e s e e B e e e - e

e e 0 e R e e B B

—————— ———
L

10000 s = > e

i -+ ¥ e e e e e |
Pt S

e B B B B B

Bttt e 1= e e e |

1

e

3e e e e e e ]

e ey - S ————
rr..rrrrrrrr.-Hr Enn FrrrrrrrrTrerrTerTS

e — 3———4— s e gl i i i e i e ]
(PR~ Pl L v o

——— o g

0 5000 10000 15000 20000
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Fig. 4.4 Wave direction vector and height of SE wave (Wide)
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Table 4.1 Deepwater design wave height and period

. _ o a) Offshore Input b) Coastal Input
Direction Position L. »
Condition Condition
E 9.19m / 12.65 s 84 m / 12.65 s
—_— 077117

NE 6.58 m / 10.15 s 54 m / 10.77 s
ESE 9.76 m / 12.77 s 92 m / 1247 s

SE 077119 955 m / 12.73 s 86 m / 12.73 s
SSE 8.45 m / 12.27 s 69 m /1227 s
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Fig. 4.6 Wave direction vector and height of E wave (Middle)
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Fig. 4.7 Wave direction vector and height of NE wave (Middle)
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Fig. 4.8 Wave direction vector and height of ESE wave (Middle)
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Fig. 4.9 Wave direction vector and height

_62_

Collection @ kmou

| T
8000 10000

g
=

of SE wave (Middle)




| 1 | | 1 | 1 1 | 1
R o R o ol
B i - e P I R
LA R L R E T
| S e i gt R PR ek S ksl e e ] P i o e 0 | T i i < it Pl AT T i 2 s w —
N R ro e e = ()
R R R I R e o R R R R N R N R P fre=my S
D R - —
i DRt i o i i e S s e ot e M T R R e S s e e =
R I I e ~
FE e ._..._..w." LR R R = )
lw....wn.\\..\w\\-.\hi\—.w B T il o o R ey B >
Al st LR RIS Sl A S e e i ke =
R R R o i W
SR RS P e R L
L [l R T o )
B e e < T = 7]
T L Y M T
LA A R S S S S S A LTl R L R R S [= %] L
e o b P i ki e e NN W BRI = = = S o o g i 1)
O R A R A R R A R L Y R R N R —
R R R R R i W R I SR R - R W o O o i i T i ] - N
W A A R A R S B R T R LR A N N = (@)]
s i T e R R o e e g I = | O
¥ o F A R Ry d R AR PR RRT s Ay B s AR e E e o c
- - A w a rET w w  owwd ra  BNR rrr r v e | =
¥ - E A e e e d
- A A R T R S T R N ks e c
prrm e ws e i v R X S SN S RTN <
L CaL A = o El o B A S SR = —
E N = .-.....-«...._.l...-.._.....q._.l\....u-._.I.l\.ﬂ....-..-.._.........._.-.-...-.|m o
e e q‘.....\!-._ﬂn.q\.,.al..ﬁ\..-... L e o d
s P - o S T ER R
¥ o - - L e
- A 0 cC
,oar o & o
.........lm .m
P
g e
4 ]
B ©
i m [
- >
= ©
T =2
o
=T
m <
o -
(=)
L

_63_

Collection @ kmou



43 2%

o A
3

43 ¥

atol 7l

e 2bd wale Fa @Al Aesh 57H 9l ookl o

—
fite)

il

= WA st th(Fig. 39 ~ 3.11)

ls

et

o]
ALT-1¢ko] of

—
fite)

o

-
1

Fig. 411 ~ 4.15

Q

e

e W, SAIFe] ST. AS

Aoz

ki3

v 7S AN
A 715 F2 AFdATAL 0.7m(ed) & 1Im(3HEA)

2

b

A & BE A=%

¥ 3}t Bouss—2D R oA SEw}, SSEu}¢]

AFeA L 1.1 m B =

s}
ol

ol

il

X

d

=]
=

3

?;51_

= 7=

ST. A

ATA 7} &2t A

el

~
;00

o 5}
=1

2 9hA|

o genet Auel

e Ao w Gepskt BaiA 9

el 7]

]

3F o

kA 100m Al A

=
=

=0
=2

sh=

==
o

Fo] SAE 9

27 35

A e o

fite)
o]
il

B

<
N
N
o
mﬂ
il
o
M
o}
vzel

o
il

_64_

Collection @ kmou



& £ e ara
£

2 $52 828,608 194

14 1 73

P

21400

151 5151
&1 #1501

21200
21000

20800

20600 ia
G&
pabil
e
i
&
pabin
20400 T~ o L
16 1is 1 3
3 vl R a0 5 Sttt
7 tie 260
i i 9 o i
b P
20200 GV S Sk |
o B bt Hine
pib 52 1 5 1 o

268 238

o1 67 15 6%
e il

71 T2 759 a6 T 736 30 2 700 72 % ’

1 E1E
gt
gt

o
£t

20000

1
1

CTETETEN BT ET BT BT ET BT ETETET ST M BT ST S A

M1 2030 2120 B £ B0 61 203021 503081 BT E1

gt

19800

5 5 0 o i L S T
Qv i 7 s oo B
i1 & 53 0 5
5 i s f s 17
76 153 77 T 73 50 T S i 5 0 B 90 o
% i o e o0 o 2
7 5 i i B

19600

1T ETEM AN ST AT

3E

19400 i
4800 5000 5200 5400 5600 5800 6000

P
71 758 756 754 757 T

TETEMEM BN BB B EM BN BN BT EN Y
EMETENEN B BT B EP AT AP EPEIET
SIETET BT ELET B BT ST BI BT BT EY

18151

i T T T T T T
6200 4800 5000 5200 5400 5600 5800 6000 6200

Fig. 4.11 Wave height of E wave at ALT-1 (SWAN & Bouss-2D)
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Fig. 4.12 Wave height of NE wave at ALT-1 (SWAN & Bouss-2D)
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Fig. 4.13 Wave height of ESE wave at ALT-1 (SWAN & Bouss-2D)
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Fig. 4.14 Wave height of SE wave at ALT-1 (SWAN & Bouss-2D)
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