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A Study on Wave Deformation by Incident

Wave Direction in Nakdong River Estuary

Soon Park

Department of Ocean engineering, Graduate School

Pukyong National University

IABD B

Nakdong estuary, where is located in the southeast "of Korea, is
characterized by very complex bathymetry due to'several sandbars
parallel to shoreline, ‘and their bathymetry is actively changing in
short and longer periods because of the successive wave actions.
The accurate understanding of waves in Nakdong estuary is very
important to investigate morphological characteristics .of Nakdong
estuary, as the waves 1is one of main driving .forces inducing
topographical changes “over this area: Therefore, the study
conducted data analysis with wave measurements and numerical
simulations using SWAN wave model to identify spatial wave
characteristics depending on the incident wave condition.

The main results from the study are summarized as following.

1) Wave observations present the coastal area of Nakdong
estuary is mostly exposed to waves coming from the SW and the
NE which develops very different wave climate at inshore of
Nakdong estuary, under the southwesterly waves, inshore waves

are relatively high, whereas inshore waves are very small less than



0.5 m under the waves from the NE, although offshore waves are
over 2 m.

2) To improve the model performance in the study area, SWAN
wave model is validated against the wave observations. From the
validation work, we achieve reasonal results with the differences of
0.1 sec and 0.03 m on the peak wave period and the significant
wave height.

3) Wave simulations were conducted under the 5 representative
wave directions (SW, SSW, S, SSE, SE) which is mainly affect to
the wave climates in Nakdong estuary. When. waves come from the
SW and SE, inshore waves are relatively small due to the strong
diffraction and sheltering effect by Gadeok Is. and Dadeapo.
However, under the incident waves from the SSW_ ~ SSE which
1s nearly normal to the shoreline. waves over the study area
generally bigger than other directional conditions.

4) Cross sectional © waves were compared over the' Nakdong
estuary. Waves in the eastern region where has rapid seabed slope
are suddenly changed. along the cross sections+However, the waves
in the western region, in=front rofy Jinudo, are mildly changed. The
wave steepness are rarely-—changed -over the western area of
Nakdong estuary, but they are suddenly increase from the water
depths less than 5 m in the eastern region.

5) Wave climates in Nakdong estuary are significantly influenced
geological effect depending on the incident wave direction. Under
the NE direction which is annually predominant, it has weak
influences to inshore waves of Nakdong estuary. Waves from the S
and SW directions has lower occurrences compared to the NE

direction, it strongly influences to the wave climate of the area.
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Table 1 Tidal nonharmonic constants in Gadeokdo (5, 2006)

e DL E.L Remark
Division

(cm) (cm) (cm)
Approximate highest water level
(Approx.H.H.W) % 53
High water level ordinary spring tide
(HW.OS.T) oy >0
High water level ordinary mean tide
(HW.OM.T) el 0.
High water level ordinary neap tide
(FEW.ON.T) 1257
Mean sea leve (MLS.L) 95.3- 0.0 NO.1
Low water (livs\lf grﬁllr?;y neap tide 649 304 TBM
i — : 1' 'dj' o3 DL.(+)381.9
ow water level ordinary mean tide _ EL.(+)286.6
(HW.O.M.T) 386 6.7
Low water level ordinary spring tide .
(LW.O.S.T) 12.3 83
Approximate lowest low water level B
(Approx.L.L.W) 0.0 5.3
Spring Range 166.0
Mean Range 1134
Neap Range 60.8
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Table 2 Information of location and observation parameter for

observation sites

Site Depth(m) Location Observation parameter
Nakdong
N35° 02'43"", . )
St.l 6 River E198° 53'12"" Wave height, period
Estuary
Goeje — Nage 46, Wave height,
St.2 84 floating E19%° 54' period, direction
buoy & Wind speed, direction
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2) Apgrell, &3 o YAt A
SWAN R FollA vhgtol] o3 vpfo] B2 thy o= 3T

S,

in

(0,0)= A+ BE(0,0) (12)
A7IA, Av APFTe] AFE onste, BETE 3o A4 A Aol
th SWAN 2ol & U, 10 m 1129 golw, 2o 2 &5
= mtE< T (friction velocity)® th&3 o] A ojH )

U= C,U;, (13)
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(Wu, 1982)

Cp(U,,) =(1.2875x10" for Uy, <7.5m/s (14)
(0.840.065s/m < U,y) <10~ % for Uy, = 7.5m/s

nhgholl o]3k wlo] M3y AAS AASE A philips(1957)e] 2]t
T 7175 gt 322 Pierson-Moskowitz(PM) 34 H.T}
wvro AHFael AHAS ATstr] ¢s] Cavaleri Malanotte-Rizzoli

(1981)2e] A& AF& 3t} (Tolman, 1992).

-3

A= % [ U max (0, cos (6, 6,, ))]4H (15)
g 27

H=exp(— G lom)) " with o= Jgaior (16)

A7, 0,5 ¥ He ZH, ope Pierson & Moskowitzol] &
ks AAbE] - (fully developed sea state) ol A A 55533 (peak
frequency) | t}.

g, B Miles(1957) ). A&7 45 e SWAN 3o A=
Komen et al.(1984)°]-2] 3} Janssen(1991)9]" 2} ol A Aejd 4=
=2 3l Komen et al.(1984)2] 4] Snyder et al(1981)2] 29l
AE Fi e bu& dew yed 5 v

- 1 2w [es} 1 -2
k= (Em fo fo WE(a,a)dade 17

27 co
E,,, = E(o,0)dodd (18)
tot fo fo ((T )0

focs

rl

SWAN 23 7 /b4 gele] vped A S /bm ekl Ao 4
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§¥E AFEE F 7449 FEE A

Komen et al. (1984)2]¢] A& A tf&3 2t

C,,=236x10"° §=0, P=4 (19)

Janssen(1992) 2] o] A &A] th53 Zr,

C,, =4.10x10"°, 6=0.5, P=4 (20)
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o] M52 Komen-et al.(1984)7} Janssen(1991)¢] o]X+

F 28I G | A #EE aEste] 2 Aotk

3) Al ok o= &%k
Ao A oA A4S AWHeuLzE (bottom friction), A HIE
(bottom motion), 5 (percolation) 2 &5 A WA 2tk (bottom
scattering), 5ol ¢]&lo] ¥FAslt} (Shemdin et al., 1978). Z =2 A
H dEEdAAY ouA A4S F=2 0 vpEol ostd WAt
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_?(_11
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fIr
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i
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A2 skl =l (Hasselmann et al; 1973) 0] 22 A3 mgo
24 b ge] duo] AFE AE e 2d 3 Vg 3ol
WA Fe dvke vedc
SWAN =& oA = Weber(1991)¢] 215 AF&3te] AW nmpbz 24HS
Al kgt

0_2
Sds,b(o—’ 9):_ Cbott(mLQiE( g, 9) (21)

¢*sinh’(kd)

047]/\‘]a Cbott()m% ;ﬂgﬂ_ u]—%ﬂlf’:il\‘] ?‘?]—E]—]—_ZS_]IQ‘E U E ng.‘q—‘f ;q
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Holl A ¢ F%E-$% (bottom orbital motion)ol] ¢8-S Hk=t}

2w oo 2
U2 = — % E(0,0)dodd 22
= | iy Bl 0o (22)
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&% 4 Qv dwrdoe=m AdntE Alge= gdd 271 (wave
condition)ol] ¢34 ¥k, Bouws and Komen(1983)¢] & 3}oll &l A
AP Cprvom = 0.067Tmsec 222 B2 Ao fFast Aoz Ry
v} 2t} (Cavaleri et al., 1989; Tolman, 1994; Lue and Monbaliu,
1994) Colins(1972)9] &= wiz HYPgr &= o2 22 Ao Fad
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YoM E vE e Ae gt
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o371 A, f.+ Jonsson(1966) &2 o 2HE SR = Fa vhEA
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o] 7] A, m; =—0.08 (Johnson and Carlsen, 1976)°1H, q,= AW H*
N YA 59 AZE (excursion amplitude)ol ™, Ky Aweol %

Lol

9 2w o 1
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t} (Johnson, 1980).
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03=a(l+)\)20+ (32)

o,=c(l=XN)=0 (33)

714, A=0.250tk A AHA w XA F Ao < wWEHE T
72

=
o el U % s 27k AYHo® g =115, 0, =33.6° 9]

4ms 2t
&, oA A A S 0y =—115", 0, =33.6" 7k Ak A s el A<

o1 BEAE A gt Lol el = qlrk

]
2 A 2oA (A 1 Re] B wiR)el SRk Hl g @ e s oot 2
o] Alxtett

S0, 0) =208, (cyo, 0) — 88, (e, ) = 88,,, (ay0, 0) (35)

7

AZIA, a; =1, o= 1+Ae; =A-NeIH, Zh & tha3t 2ol 7

ArE o (=1, 2, 3).

E(O{Z'O—+, 9) E(O{Z'O—_, 9)

o5, eSS

11
,114(02'(7’9):0,114(27)29_4(%) [E,?Zzi(aio—vG)

_y E(a,0,0)E(0yo ,294)E(aio_, 6) ] (36)
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dato] AN = 3
Hasselmann(1981)2 JONSWAP, =3 E
= AYstA AL 252
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sto] SWAN 23] =983t
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ofef o} Z& TS EF

il

Sn,/4.,finitcdcpth = R(kpd)Sn/Ll,Ooinit(:wat(:?" (37)
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Cpshl(
K d

L

R(k,,d) =1+ 1—Cypy * K,d)exp(C,s — K,d) (38)

i
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ag3t vpare] wlgke] g=4fo] oAl HH 39k H Y g e A8 (%
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= A2z} v]d S AE traid mteractlons)-J FEFE FAT F glA
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g 992 SWAN B3 A= 128 eA &=t} Eldeberky(1996)=
g HAXYPdsES ALyl sk LTA  (Lumped  Triad

Approximation) AP & AFER oY, B R o] E tha WY
st Eldeberky &  Battjes(1995)¢] DTA  (Discrete  Triad

Approximation) ¥ & Al &3} T}

S,

n n

113 (0—39) = S;‘; (0—79>+Sn+l‘3 (079> (39)
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S5 = max0, agz2ree, J2|sin(ﬁ)|[E2(%,9) - 2E(%,9)E(o,9)] (40)

S5(0,0) =—287,(20,0) (41)

A7IAM, appe 247Fs vlEldgola, gbiphase)= a3 2ol 4

ot}
B=— Ty ztanh[ovl—i] (42)

2 2

12 31 Ur(Ursell number)2 th3-3 zko] Fofxzlt)

(43)

Tk AEA8AT JE e 2ol AoEtt (Madsen & Sorensen,

J= 5 > (44)
31O, S )
K, d(gd+ 5 gd’k; Y d
39 MY FeAEe 0.1<U,<10%0 A Sl v Al kg
7) 34 &3

o AFoA AP SWAN R A 2 F2E 5ol sds
5 aelstr] 98t 243 el digk EAF A2 (Mild slope
equation)ll 7|27 ZAPHE ARESklvh P AR Ao 55
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Cpig = 5p COS 6) (45)

Cpo = Z%szn(@) (46)
__1lowoh

.0 =" % oh on 47

E =k (149) (48)

o714, 6= 3E wiriETE Bedt 2

= “)
e A2 A3 As £x= tSn 7o) 4=}

Cp =€y 00 (50)
¢, =, 00 (51)
Cop = Cpo0— %cyvo + gcm (52)
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0,ean = tan” 1{fsin(G)E’(G,G)dodﬁfcos (9)E(J,9)d0d9} (54)

SWAN =de] 539 Ao A Nesting 7| S Abg3sle] @ ol vja}
o] Axtatdh w=d SWANO A 9 3 1(H,), 33HDir), F7] (T
Zv7 2} (55), (56), (57)7 o] Fojzit),

JL:4¢1/E@ﬁmmw (55)
[sin(6)B(.0)dado
Dir = arctan |~ (56)
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Fig. 10 Computational grid domains; Area No. 1 : wide domain

Area No. 2 : nested grid.
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Table 3 Information of Computation and nesting grid

Distance Grid Grid

Grid (km) Location size(m) number

E 128° 36'53"" ~129° 11'51""
Wide — 50x43 T 200%200 251%215
N 34° 46'00"" ~35° 10" 11

E 128° 49'48"" ~128° 59'30"'
Nested 16x15 o0x50  321x301
N 34° 58"12"" ~35° 06"36""

Elyg lorm=z B At e Ui slgel HddlH (M.SL.: Mean
Sea LeveD)?l 0.953 m (57 Hall F =AML, 2000)E. 23t AL-&3F3 T}

sgzde AN G A BF 94 4333 Agaty

T B5E 004~1 Hz (1=25 sec)el U= 257 B2 ALLes
=t
|

dsta, F7] S syelAst 7 Fus gl 292y U
ME 2 AEYo A%< Bl 457
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Korea Meteorological Administraion(KMA) Created at 21:59LST 27 OCT 2008
Fig. 11 Surface pressure map (KMA, Korean meteorological

Administration).
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Table 4 Comparison of wave spectral parameter between

computed and measured

SWAN result

Input Measurement
Dat Wind No-wind
ate -
Hs T SWZ;Z Hs T, Hs T, Hs T,
(m) (sec) P (m) (sec) (m) (sec) (m) (sec)
(m/s)
04-13
18:00 2.1 7 10 089 718 092 726 072 1726
04-21
01:00 2.1 7 85 0.8 718 085 728 072 1726
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—-——-- SWAN model (wind)
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(b) SW Dir.(04/21/01:00)
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fffff SWAN model (no wind)
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0 0.2 0.4 0.6 0.8 1

Frequency (Hz)
Fig. 12 Comparison of spectrum density in SW direction at each

time
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(sec)
7.6

(m)
2.2

Case
SW
SSW
SSE
SE

Table 5 Input conditions in SWAN Numerical simulation cases
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Fig. 17 Cross sectional profile of wave steepness.
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