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Abstract

Gunsan-Janghang Harbor is located at the mouth of Gum River, on
the central west coast of Korea. The harbor and coastal boundaries
are protected from the effects of the open ocean by natural coastal
islands and shoals due to depositions from the river, and two
breakwaters. The navigation channel commences at the gap formed
by the outer breakwater and extends through a bay via a long
channel formed by an isolated jetty. For better understanding and
analysis of wave transformation process where a wide coastline
changes appear due to on-going reclamation works, we applied the
spectral wave model including wind effect to the related site, together
with the energy balance models. This paper summarizes comparisons
of coastal responses predicted by several numerical wave predictions
obtained at the coastal waters near Gunsan-Janghang Harbor. Field

and numerical model investigations were initially conducted for the



original navigation channel management project. We hope to
contribute from this study that coastal engineers are able to use
safely the numerical models in the area of port and navigational

channel design.
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NOMENCLATURE

A Elemental area
c, Mean wave celerity
?g Average group celerity of the spectrum
G, Group velocity
Ch Drag coefficient
Giottom Bottom friction coefficient
Cz,y) Phase velocity =o/k
C:I(x,y) Group velocity = do/ok=nC with
" %(H sij}lf;lkd)
Derivative
Wave energy density divided by (p,g), where p, is
density of water
E,, Total energy in the spectrum divided by (p,9)
f, Friction coefficient
g Gravitational acceleration
G A gradient of air pressure
h Water depth
H An estimated significant wave height
1 Water level
k Wave number
k, Wave number associated with the peak of the spectrum
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L = 7 2 2 A

<

Reflection coefficient

Wave energy transmission coefficient
Spectrum moment

Coordinate normal to the wave orthogonal
Wave action density

Spectral peak parameter

Radius of the semicircle

Coordinate in the direction of the wave ray
Energy source and sink terms

Wave energy density

Spectrum density function

Wind input(source term)

Dissipation of wave energy (whitecapping)
Dissipation of wave energy (bottom friction)
Dissipation of wave energy (wave-breaking)
Equivalent travel time

Spectrum peak frequency

Spectrum average frequency

Friction velocity

Current speed

Speed of friction by wind

Wind speed of 10m height on the sea surface

Wind speed of the sea side

Wind speed by an air pressure gradient
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R

SRR ®

Friction factor

Grid spacing

A coefficient of structure shape

(=a, +ia,) Complex coefficient

Wave orthogonal direction(normal to the wave crest)
Mean wave direction, relative to the grid

Wave phase angle

Factor equal to 0.9 for wind seas

Wave breaking parameter

A radius of an isobaric line

Direction of the current relative to a reference frame
(the x-axis)

Coefficient equal to 30

Spectral width parameter

Wave direction

Partitioning coefficient

Direction of wave ray

Air density

Density of air

Density of water

Scattering wave potential

Subset of {f?} for nodes situated on boundary I

Complex surface elevation function, from which the wave

height can be estimated
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Wave frequency under consideration (in radians/second)
Relative frequency
Angular velocity

Latitude in the observation point
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Fig. 3.1 Location map for numerical simulation
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Table 3.1 Numerical model characteristics

Number of Nodes

C
ase (Present/ After)
3rd Generation model 63,000 / 63,000 F.D.M.
Energy Balance
Model Steady-State Spectrum

model 162,606 / 158,141 F.D.M.

Steady—State

Mass and Momentum Mild Slope Eq. model
Conservation model

115,718 / 102,294 F.E.M.

Non Steady-State Mild
Slofe il el 63,000 / 63,000 F.DM.

Current Model 6357 / 6217 F.E.M.

amation area

Gunsan Port

Fig. 3.2 Water depth at the model site
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Fig. 3.3 Orientation of route lines for the comparison

of numerical simulation results
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Fig. 3.7 Study area and depth for model simulation

before reclamation in Gunsan-Janghang Harbor

Fig. 3.8 Generated finite element mesh for F.E.M.

before reclamation in Gunsan-Janghang Harbor
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Fig. 3.9 Study area and depth for model simulation

after reclamation in Gunsan-Janghang Harbor

Fig. 3.10 Generated finite element mesh for F.E.M.

after reclamation in Gunsan-Janghang Harbor
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Fig. 3.11 Detailed mesh for F. EM. at study area

(Janghang Coastline for shore protection work)
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Fig. 3.12 Detailed mesh for F.D.M. at study area

(Janghang Coastline

for shore protection works)
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Fig. 3.13 Detailed mesh for F. EM. at study area

(Gunsan waterway)
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Table 3.2 Incident wave condition for design wave

Direction Height Period Retgrn Remark
Period
W 4.2m 8 sec 50 year MOMAF
WNW 5.0m 8.7 sec 50 year MOMAF
Table 3.3 Characteristics of wind
o] g
Return 2 5 10 25 50 100
Period years | years | years | years | years | years

W |Wind Speed| 19.79 | 22.95 | 24.29 | 25.64 | 26.46 | 27.14
WNW |Wind Speed| 21.10 | 24.96 | 27.55 | 30.90 | 33.45 | 36.04
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Table 3.4 Simulation conditions of wave and current

Mild slope O
Eq. @)
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Fig. 3.15 Wave vector from the 3rd generation wave model for

the present configuration with wave(W)
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Fig. 3.16 Wave vector from the 3rd generation wave model for

the present configuration with wave(W) and wind(W)
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Fig. 3.17 Wave vector from the 3rd generation wave model for

the present configuration with wave(WNW)
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Fig. 3.18 Wave vector from the 3rd generation wave model for

the present configuration with wave(WNW) and wind(WNW)
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Fig. 3.19 Wave vector from the 3rd generation wave model after coastal

reclamation plan with wave(W)
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Fig. 3.20 Wave vector from the 3rd generation wave model after coastal

reclamation plan with wave(W) and wind(W)

_55_



Fig.

Fig.

Wave Height
After No Wind
Direction : WNW

—~ 5.00 (m)

3.21 Wave vector from the 3rd generation wave model after coastal

reclamation plan with wave(WNW)
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Fig. 3.24 Comparison of wave amplification factors from the 3rd

generation wave model along the route B (wave direction W)
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generation wave model along the route B (wave direction WNW)

_58_



(o,
J‘:
L
}L
et
M
&
[
il
v

EhllTh el Zel A B vk o] Wi
YAz FA8Y @ An F AdAE ANl e oA &l
1o met vhgel 92 ndsge Mg e
A ke W Bz 01~04m FARE ¢ Ak w@, wrge] gl 9l

segol AstHE Azt ot FAYTAA =LA FAW wpPe

G meiste] 4P Aw FLAFAA HFe] =uHE AL L F 9

ol

7 glo] dgtew X

|

. 72 BollME =2 AdA St miztA =R dAgtew st vzl wt
Ho 9FS wyeA B WEY adsidE W 0.2~0.6m Trheke] mpg
of el 2w A dHEY= As & 7 dv 2 FA FFel wE v
of vrEbubA &gk

o
Lo
3
o
i
N

T2 BollME 9sigoll e vl 9ee udstA] 29ke wrRth ulg o
A 1HEIUS W 05mAEL e FUH7F YEY o, dotow Ht

SUAE 09mAA Hrt Frhshe Ao vEhg

_59_



1.0m
520

470
az0
370
320
270
220
170
1.20
oro
020

—= 540 mis
- 0.00mis

Fig. 3.27 Wave vector from the steady-state spectrum wave model

for the present configuration with wave(W)
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Fig. 3.28 Wave vector from the steady-state spectrum wave model

for the present configuration with wave(WNW)
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Fig. 3.29 Wave vector from the steady-state spectrum wave model

for the present configuration with wave(W) and wind(W)
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Fig. 3.30 Wave vector from the steady-state spectrum wave model

for the present configuration with wave(WNW) and wind(WNW)
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Fig. 3.31 Wave vector from the steady-state spectrum wave model

after coastal reclamation plan with wave(W)
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Fig. 3.32 Wave vector from the steady-state spectrum wave model

after coastal reclamation plan with wave(WNW)
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Fig. 3.33 Wave vector from the steady-state spectrum wave model
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Fig. 3.34 Wave vector from the steady-state spectrum wave model

after coastal reclamation plan with wave(WNW) and wind(WNW)

_63_



1.0
o]
© 0.8
©
LL
c
S 06 -
S
2
= 04 -
Q.
E W - Route A Y=
< 0.2 4 —A\—— Before Stwave X
. N After St
— —A— - Before Stwave (Wind)
— -W— - After Stwave (Wind)
0.0 T T T T T T T T T T T T T T T T T T T T
0 5000 10000 15000 20000 25000 30000 35000 40000 45000 50000

Distance(m)
Fig. 3.35 Comparison of wave amplification factors from the steady-state

spectrum wave model along the route A(wave direction W)
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Fig. 3.36 Comparison of wave amplification factors from the steady-state

spectrum wave model along the route B(wave direction W)
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Fig. 3.39 Wave height i i steady-state mild slope Eq.

wave model for th gurati ith wave direction of W

Fig. 3.40 Wave height predictions from the steady-state mild slope Eq.

wave model after coastal reclamation plan with wave direction of W

_67_



teady-state mild slope Eq.
vave direction of WNW

Fig. 3.41 Wave heigh

wave model for the @ent

Fig. 3.42 Wave height predictions from the steady-state mild slope Eq.

wave model after coastal reclamation plan with wave direction of WNW
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Reference Vectors

~ 5.00 (m)

Fig. 3.47 Wave vector from the non steady-state mild slope Eq.

wave model for the present configuration with wave(W)
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Fig. 3.48 Wave vector from the non steady-state mild slope Eq.

wave model for the present configuration with wave(WNW)
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Reference Vectors

Fig. 3.49 Wave vector from the non steady-state mild slope Eq.

wave model after coastal reclamation plan with wave(W)
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Fig. 3.50 Wave vector from the non steady-state mild slope Eq.

wave model after coastal reclamation plan with wave(WNW)
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Fig. 3.64 Selected station point after coastal reclamation plan
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Fig. 3.71 Velocity distribution of residual current after coastal
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Fig. 3.74 route lines for the comparison of numerical model results

Fig. 3.75 Wave vector distributions with wave(W) and tide(H.W.L)

for the present configuration
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Fig. 3.76 Wave vector distributions with wave(W) and tide(L.W.L)

for the present configuration

Fig. 3.77 Wave vector distributions with wave(W) and current(M.F.C) for

the present configuration
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Fig. 3.78 Wave vector distributions with wave(W) and current(M.E.C) for

the present configuration

Fig. 3.79 Wave vector distributions with wave(W) and tide(H-W.L)

after coastal reclamation plan
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Fig. 3.80 Wave vector distributions with wave(W) and tide(L.W.L)

after coastal reclamation plan

Fig. 3.81 Wave vector distributions with wave(W) and current(M.F.C)

after coastal reclamation plan
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Fig. 3.82 Wave vector distributions with wave(W) and current(M.E.C)

after coastal reclamation plan

Fig. 3.83 Wave vector distributions with wave(WNW) and tide(H-W.L) for

the present configuration
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Fig. 3.84 Wave vector distributions with wave(WNW) and tide(L.W.L) for

the present configuration

Fig. 3.85 Wave vector distributions with wave(WNW) and current(M.F.C)

for the present configuration
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Fig. 3.86 Wave vector distributions with wave(WNW) and current(M.E.C)

for the present configuration

Fig. 3.87 Wave vector distributions with wave(WNW) and tide(H.-W.L)

after coastal reclamation plan
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Fig. 3.88 Wave vector distributions with wave(WNW) and tide(L.W.L)

after coastal reclamation plan

Fig. 3.89 Wave vector distributions with wave(WNW) and current(M.F.C)

after coastal reclamation plan
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Fig. 3.90 Wave vector distributions with wave(WNW) and current(M.E.C)

after coastal reclamation plan

Fig. 3.91 Wave vector distributions with wave(W), wind(W), and
tide(H.W.L) for the present configuration
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Fig. 3.92 Wave vector distributions with wave(W), wind(W), and
tide(L.W.L) for the present configuration

Fig. 3.93 Wave vector distributions with wave(W), wind(W), and

current(M.F.C) for the present configuration
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Fig. 3.94 Wave vector distributions with wave(W), wind(W), and

current(ML.E.C) for the present configuration

Fig. 3.95 Wave vector distributions with wave(W), wind(W), and

tide(II.LW.L) after coastal reclamation plan
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Fig. 3.96 Wave vector distributions with wave(W), wind(W), and

tide(L.W.L) after coastal reclamation plan

Fig. 3.97 Wave vector distributions with wave(W), wind(W), and

current(M.F.C) after coastal reclamation plan
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Fig. 3.98 Wave vector distributions with wave(W), wind(W), and

current(M.E.C) after coastal reclamation plan

Fig. 3.99 Wave vector distributions with wave(WNW), wind(WNW), and

tide(H.W.L) for the present configuration
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Fig. 3.100 Wave vector distributions with wave(WNW), wind(WNW), and

tide(L.W.L) for the present configuration

Fig. 3.101 Wave vector distributions with wave(WNW), wind(WNW), and

current(M.F.C) for the present configuration
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Fig. 3.102 Wave vector distributions with wave(WNW), wind(WNW), and

current(M.E.C) for the present configuration

Fig. 3.103 Wave vector distributions with wave(WNW), wind(WNW), and

tide(H.W.L) after coastal reclamation plan
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Fig. 3.104 Wave vector distributions with wave(WNW), wind(WNW), and

tide(L.W.L) after coastal reclamation plan

Fig. 3.105 Wave vector distributions with wave(WNW), wind(WNW), and

current(M.F.C) after coastal reclamation plan

- 109 -



Fig. 3.106 Wave vector distributions with wave(WNW), wind(WNW), and

current(M.E.C) after coastal reclamation plan
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Fig. 3.107 Comparison of wave amplification factors along the route A for

the present configuration(wave W and wind W)
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Fig. 3.108 Comparison of wave amplification factors along the route B for

Amplification Factor

the present configuration(wave W and wind W)
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Fig. 3.109 Comparison of wave amplification factors along the route A for

the present configuration(wave WNW and wind WNW)
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Fig. 3.110 Comparison of wave amplification factors along the route B for

Amplification Factor

the present configuration(wave WNW and wind WNW)
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Fig. 3.111 Comparison of wave amplification factors along the route A

after coastal reclamation plan(wave W and wind W)
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3.112 Comparison of wave amplification factors along the route B

after coastal reclamation plan(wave W and wind W)
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3.113 Comparison of wave amplification factors along the route A

after coastal reclamation plan(wave WNW and wind WNW)
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3.114 Comparison of wave amplification factors along the route B

after coastal reclamation plan(wave WNW and wind WNW)
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