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A Methodology of Estimating Design Waves for the Operable Harbor
Condition Using Long-term Wave Data
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Abstract : For designing a reliable harbor, a methodology for estimating design waves of 97.5% operable harbor
condition is suggested using long-term wave data. For a practical application of the methodology, a marine police
harbor was selected as a site. Wave data used were collected from February 1993 to December 2003 at Jodo wave
gage station in front of Pusan harbor. Joint distributions of significant wave height and significant wave period for
specified wave directions were obtained and used to feed as input waves for parabolic mild-slope wave model.
Results showed that input waves with significant wave height of 1.75 m, significant wave period of 7 sec and wave
direction E yield design waves height of 1.06 m at the site of interests, which is a 97.5% operable harbor condition.
Wind waves generated inside harbor showed to be no effect on the design wave condition. Swells propagated from
deep water into harbor are shown to be dominant effects on the design waves of operable harbor condition.

Keywords : design waves, operable harbor condition, significant wave height, significant wave period, joint
distribution
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Fig. 1. Location of the site for the estimation of operable harbor condition.

Fig. 2. Location of wave gage deployed near Jodo breakwater.
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Fig. 3. Time series of significant wave height and significant wave period measured at Jodo wave gage station from February 1993

to December 2002.

Table 1. Distribution of wave direction measured at Jodo wave gage station

S et SO Eren FRE%)
N 348.75<8, 6<11.25 1.3 S 168.75<0<191.25 9.6
NNE 11.25<0<33.75 1.8 SSwW 191.25<6<213.75 0
NE 33.75<0<56.25 38 SW 213.75<6<236.25 0
ENE 56.25<6<78.75 184 WSwW 236.25<6<258.75 1.1
E 78.75<0<101.25 44.6 w 258.75<0<281.25 0.6
ESE 101.25<6<123.75 8.7 WNW 281.25<6<303.75 04
SE 123.75<6<146.25 4.1 NW 303.75<0<326.25 0.5
SSE 146.25<6<168.75 4.5 NNW 326.25<0<348.75 0.6
2 gae} B sk el e vAR 23 B

FARAE B8 & 5 Y

2.2 wejutnet folnt F7(of 2EES

Fig. 4= $X3 9 fov 278 78 uj/) W+E ol
23l FEARITE Falar dh e} A ZAIS)
Aot AHE-E S EUE3E Generalized Gamma 2
L=F(Ochi, 1998)°1H, Frelvtal HE YERHRE Generalized
Gamma FEUEEF f(H )= ThaT Zo| HAH.

f(H, ATH" exp{-(AH,)'}, 0<H <o

I'im)

A7}4 I'(m)= Gamma ol mi7fEE m, o= o}

4 4oz 7T 4 Aok

{r(m)}‘”(r(m+3/c)) E[H)]

{Mm+2/¢)}y" (EHY

[(m)[(m+4/c) _ _E[H,]
{Fm+2/0)Y  {E[HAY

223 R BT e P 4 siek )
B Yepdct

Ahn et al.(2000y= BE TFPA} LT A 7|2l
A 9zt BolF mharAlel o8 A7 SA3E A 7
5312 Generalized Gamma 35 E-X 3§29} v)wale] z+
AXE2- RA). 22U Fig. 4904 Generalized Gamma 2}
EUE L frelmtart 22 2EolA 2l 1e) =9} 2
YA &= A & 5 Aot ol 2% I 49



08

086

PROB. DENSITY FUNCTION

04

I

Q

0 1 2

L s L
3 6 7 8 9
SIGNIFICANT WAVE HEIGHT

Fig. 4. Comparison between the generalized Gamma distribu-
tion and the histogram of significant wave data mea-
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Table 2. Joint distribution of significant wave height, Hs, and significant wave period, Ts, with wave direction ESE at Jodo wave gage
station (C.S: Cumulative Sum, C.P: Cumulative percentage/100)
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Table 3. Joint distribution of significant wave height, Hs, and significant wave period, Hs, with wave direction E at Jodo wave gage
station (C.S: Cumulative Sum, C.P: Cumulative percentage/100)
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Table 4. Joint distribution of significant wave height, Hs, and significant wave period, Ts, with wave direction ENE at Jodo wave
gage station (C.S: Cumulative Sum, C.P: Cumulative percentage/100)

Ts

05 1.0 1.5 20 25 3.0 35 40 45 50 55 60 65 70 75 80 85 90 95 10010511.011.5120125 Sum CS CP
Hs
02 0 0 0 0 0 O 1 7 16 7 12 7 2 0 0O O O O O O O O O O 0 52 4167 1000
050 0 0 0 0 0 1 10 68 139 214 257 242 191 89 64 28 11 4 3 0 2 0 0 0 O 1323 4115 0988
075 0 0 0 O O O 2 22 62 140 222 254 235 208 164 81 46 20 5 5 2 2 1 1 1 1473 2792 0670
100 0 0 0 0 0 0 0 1 19 50 73 9 99 8 47 62 35 31 t7 9 3 1t 5 1 2 625 1319 0317
12 0 0 0 0 0O O 1 O O 13 37 71 5 40 29 16 17 13 8 3 1 3 2 1 0 313 694 0167
150 0o 0 06 0 0 0 0 0O O 2 16 28 37 3t 21 16 8 4 7 2 2 1 1 1 0 177 381 0091
i 0 0 0 0 0 0 0 O O O 4 18 17 17 12 8 8 2 1 3 2 0 1 0 1 94 204 0049
20000 0 6 0 0 0 0 0 0 0 1 2 5 5 145 2 5 0 0 0 0 0 0 1 40 110 0026
225 06 0 O O O O O OO O 0 1 13 3 4 2 3 2 3 0 0 1 1 0 0 24 70 0017
2% 0 0 0 0 0 0 0 0 0 0 0 O I 2 2 3 7 2 2 0 0 0 0 1 0 2 46 0011
25 6 60 0 0 0 0 o 0 0O O 1 o0 O 1 2 1 O 1 O O O O O 0 O 6 26 0.006
30 0 0 0 0 0 0 0 06 00 060 0 0 1 0 0 0 00 0 0 0 1 1 3 20 0.005
32 0 0 0 0 0 0 0 00 0O O 060 O OO 1 0 00 0 0 00 1 17 0.004
3% o 0 0o 0 O 0 0o 0 O O O O O O 0 1 1 1 0 0 0 0 0 O O 3 16 0.004
3 0o 06 0 0 0 0 0 0 0 0 0 O O O O O 2 0 1 O O O 0 O 0O 3 13 0.003
400 0 0 0 0 0 0 O O O O O O O 0 1 1 1 0 0 1 0 1 0 0O O 5 10 0.002
425 6 0 0 0 0 0 0 0 0O 0O 0 ¢ O 0 0 0 1 ¢ 1 O 6 ¢ 0 ¢ O 2 5 0001
450 60 0 0 0 0 0 0 0 0 O O 0o O O O O O O O 0O 0O O 0 0 O 0 30001
415 0 0 0 0 0 0 0 0 0 O O © O O O O 0 06 0 0 0 0 0 o0 O 0 30001
s00 60 60 0 0 0 0 0 6 0 0 O O ¢ O O 6 0o 0 O 1t 0 0 0 0 O 1 30001
52 6 0 0 O OO 0 0 O 0O O 0 0 0 0 ¢ 0 0 0 0 0 0 0 0 O 0 2 0000
5% 6 0 o 0 0 O 0 0 O O O O O O O O 0o O 0 0 O 0 0 0 O 0 2 0.000
3. 0 ¢ 0 0 0 0 0 0 O O O O O O O O O 0 0 0 0 O 0 0 0 0 2 0.000
600 0 0 0 0 0 0 0 0 0 0 0 O O 0 0 0O © 0 0 0 0O 0 0 0 0 0 2 0.000
625 0 0 0 0 O 0O O O O 0 O O O 0 0O 0 0o 0 0 0O 0O 6 0 0 0 0 2 0.000
650 0 0 0 0 0 0 0 0 0 0 06 0 O 66 0O 0O 0 0 0 0O 0O 0 0 0 0 0 2 0.000
675 0 6 0 0 0 0 0 0 O ¢ 0 0O O O 0 0O 0 0 0 0 0O 0 0 0 0 0 2 0.000
700 0 0 0 06 0 0 0 0 O O © 0 O O O 0O O 1 0 1 0 O 0 0 0O 2 2 0.000
Sum 0 O 0 O 0 1 14 98 236 426 624 713 646 476 361 224 142 87 48 25 12 9 11 6 6 4167

Fol flE=
flo} AnERy 25 A9 e S48 A%
E AQ o} o] 97.5% H gt g dEE 713

& 5 e,

o oy

o)-/k =

Ao, SFRE XA 97.5% HAdur} 5
AL Yahake) B3t 1.75 mela F7174 9F 7 sec
A AL F Ut

o

HPNm

2.4 8L SO0l o| s Ast
238N 97.5% BT FH-E 95 ?‘5 SlellA =4

o AR ol BHAT. FUATT $ 07.5% AL
ABET AReIN frolskart of 1 m A= %%E 3

Act. & Hollxdes 5t UlolA] Fatol o3 =g
= AE3AH

2 FEARE A v S FHE Shore
Protection Manual(1984)°l A A= o] 9= &)1 SMB
(Svendrup, Munk, and Bretshneider) = @-& A&-319A T

BREE vy EF2cle]l Q7®mBl  F4(Lake
Ocheechobbee)ol| A ZAE A5l TASI 9hE014 3
Fajolct. arzp Aioha <o) Sfafel chal A1)
S} RS W ArIe) FoE melsirlel Aaw
I A T e AAHR] FHRFFRdo|)

FH Wl sl M) Fubke AL A o) A
&H(Fetch limitedyS W=th o7l TP

B )

EERERE



186 AR . HAE

(Grid spacing 10 meter)

0 100 200 300 400 500 600
(Grid spacing 10 meter}

Fig. 7. Wave height contours simulated by Mike21 PMS model with the incident wave height 4 m, wave period 9sec, wave direction
ESE. ’
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Fig. 8. Wave number vector plot simulated by Mike21 PMS model with the incident wave height 4 m, wave period 9sec, wave direc-
tion ESE.
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Table 5. Wave height at the site of interest obtained through simulation of Mike21 PMS model with incident wave Hs, Ts, and wave

direction of E

Ts (sec)

Hs (m) 7 8 8.5 9 10 1 12
125 0.78 075 075 0.74 0.72 071 0.69
1.50 092 0.89 0.88 0.86 0.74 0.83 0.82
B s e 100 0.98 0.96 094 093 |
200 120 114 L3 1.10 1.05 1.05 1.04

Table 6. Wave height at the site of interest obtained through simulation of Mike21 PMS model with incident wave Hs, Ts, and wave

direction of ESE
Ts (sec)
Hs (m) 7 8 8.5 9 10 11 12
2.50 0.42 048 049 051 052 0.50 046
3.00 0.50 0.56 058 0.59 061 058 055
3.50 0.55 0.65 0.66 0.68 0.65 0.62
4.00 0.65 0.73 0.74 076 | 0.73 0.69

Table 7. Wave height at the site of interest obtained through simulation of Mike21 PMS model with incident wave Hs, Ts, and wave

direction of ENE

Ts (sec)
Hs (m) 7 8 85 9 10 1 12
2.50 0.23 0.13 0.30 0.32 0.39 051 0.59
4.00 045 0.26 046 0.49 0.63 0.77 0.86 }
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Fig. 9. Fetch according to wind direction.
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Fig. 10. The generalized Gamma probability density function
and the histogram of significant wave heights obtained
from shallow water SMB model.

a7 RFo e 3 HE AT Fig. 99 2. 2
FTHEE A3 197108 1€ 195 20033 79 747}
Z9] 32d7te] S EREE YRR 3o s
SMB =de] AR R 73 1AI7E 1A Eule) {9
31e] ASFE F 28507270 0]t}

Fig. 10 3z} sMB 2l 23] 489 fo)vin



188 CHAR -

0 pP——— el

o
@
T

I

06

041 E

CUMULATIVE DISTRIBUTION

02r q

T L ' L L L n
02 04 0.6 08
SIGNIFICANT WAVE HEIGHT {M}

Fig. 11. The cumulative distribution function of the significant
wave heights obtained from shallow water SMB model.
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Fig. 12. The Log-Normal probability density function and the
histogram of significant wave periods obtained from
shallow water SMB model.
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Fig. 13. The cumulative distribution function of the significant
wave periods obtained from shallow water SMB model.
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