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Abstract

When we consider to develop a new harbor, the most important
factor, we think, is the lowest water depth of waterway and
approaching channel for safe navigation of vesse. The existing
harbors have been being dredged to meet the international trend of
jumbo sized vessels by adopting the new design criteria. As the
dredged materials over the expected at the design level were
common and there are still lack of land based reclamation area, we
have no choice to discharge the dredged materials in open sea area.
In this study, we analysed the behavior of discharged materials at
the dumping area of offshore open sea, which were collected from
the dredging work at the waterway in Busan New Port. We
measured the tidal currents and analyzed the waters of dumping site
after the dumping work. These were used to evaluate the numerical
models. Suspended Solids(SS) were introduced to the diffusion
model. Because of the characteristic of the dumping site, the speed
of initial diffusion and settle down of the discharged materials was
so fast. Therefore, we believe that the dumped materials do not
cause a significant impact to the marine environment.

KEY WORDS : Dredged material, Dumping area, Discharge, Tidal
current, Diffusion
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NOMENCLATURE

horizontal heat diffusivity

horizontal kinematic viscosity (m*/sec)
one of the turbulence closure constants
speed of sound

courant number

maximum internal gravity wave speed
Eckman depth

Coriolis parameter

gravity

dispersion term

total depth

horizontal grid index and vertical grid index
vertical diffusivity (m*/sec)

vertical kinematic viscosity (m?%/sec)
turbulence length scale

present time step

future time step

pressure

atmospheric pressure

Prandtl number

short wave radiation flux

Richardson number

Schmidt number

function of a Richardson number
salinity (psu)

potential temperature (K)

time

= viii -



ty reference time

U,V velocity in X, y direction

Uv depth-averaged U, V velocity
maximum advective speed

v horizontal velocity vector (U, V)

w wall proximity function

velocity in z direction

T, Y, 2 each computational direction on cartesian coordinate
Ax, Ay grid size in X, y direction

Az vertical grid size in cartesian coordinate

Aty external mode time step (sec)

At internal mode time step (sec)

At time step interval

u, friction velocity

T Ty wind shear stresses in X, y direction

w velocity component normal to sigma coordinate surface
\% horizontal gradient

p density of sea water

2o reference density

Ap difference between density of sea and reference density
o, Prandtl number or schmidt number

Ao vertical grid size in transformed coordinate

k Von Karman constant

n water surface displacement
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transformed coordinate

twice the turbulence kinematic energy (m®/sec”)
q° x the turbulence length scale(m®/sec®)
angular velocity of the earth

latitude

basin area average density
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Table 3.1 Positions for the field measurement of tidal current and

suspended solids Case 1

Station N E
ST. 1 34°50 ' 32" 128°01 " 20
ST1 ST2 ST3 ST. 2 34°50 ' 32" 128°02 7 00 "
ST. 3 34°50 ' 32" 128°02 7 40 7
R ais ol ST. 4 34°50 ' 00" 128°01 20 "
° ST. 5 34°50 ' 00 ” 128°02 7 00 "
ST. 6 34°50 ' 00 7 128°02 7 40 7
S{7 SI8 S[9 ST. 7 34°49 " 28" 128°01 7 20
ST. 8 34°49 ' 28" 128°02 7 00 "
ST. 9 34°49 ' 28" 128°02 7 40 7
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Table 3.2 Positions for the field measurement of tidal current and

suspended solids Case 2

ST 3 Station N E
ST. 1 34°50 * 00 ” 128°56 7 30
o ) ST. 2 34°50 * 00 " 128°55 7 11 7
[ =
) o ST. 3 34°51 7 05" 128°56 7 30
ST. 4 34°50 * 00 " 128°57 7 49 ”
ST S ST. 5 34°48 ' 55 " 128°56 7 30

ckdo
-1 < 33.254km

~

A Release Point

e
® e

Case 2

Fig. 3.1 Release point from the dredge area
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Table 3.3 Occurrence frequency of wave height (1980~1982)

Wave Aveg
Height (m) 1 2 3 4 5 6 7 8 9 [ 10 | 11 | 12 age

0.0~04 |71.9|749|64.6|725|87.2|85.9|82.7|71.061.7|77.4169.9|73.5| 74.9
05~09 122.5|22.4|30.6|209| 7.2 |10.0| 80 |19.4120.0|19.4|19.4|21.7| 18.3
1.0~14 |48]09 |24 |58 |48 25|32 |72 |11.7/32|75|16| 46

15~19 08]18|16[08|08]08|08]|16 |41 16132 15
2.0~24 0.8 0808|0825 0.8 0.6
2.5~29 0.8 0.1
3.0~
Weighted

0.42/0.4010.4710.42]0.35|0.35]0.35|0.46 | 0.58 | 0.38 | 0.48 | 0.42 | 0.42

average (m)
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19999 o] 54 - #AE B 9o mad, BEad % 2z

N
3

161.0cm, 110.8cm % 60.6cmAl 1978 =2] 166.0cm, 113.4cm, 60.8cmel ¥H] L
& o Sds] & Wit gle slo® yEeth
2 oo FHuuzxe dExrdd 2@ A2FxPFduzgdsE 747 185.6cm
=
o E=3 YR 254 ot FAE RV E #5E ART H
O thE=E 212cm, 215cm, 210cmEz ZAFE QT ol s 2 "= v
T 9 Afoln AHEHoRE F Aot e ALoZ YEyth(Fig. 3.2,
Table 3.4). Fig. 3.3~Fig. 359 = g3l F2A X247 (1999 otH <
a F71A99 dxz2k= 1560~160cm W& = F74 5 At}

(Unit : cm)
400
- T.B.M.1 (+)381.9
ey T.B.M.3 (+)293.7
4 185.6 APP. HH.W.L
175 173.3 HW.0.S.T
150
148.2 H.W.O.M.T
A
H.W.ON.T
) w w 125 123.1
= o O —
< P Z
o < <
3 id o 100
< - - 92.8 M.S.L
0 [0 L<|o < ©
i Ol AOlg
o eF|E F|©
2|z & &
[id w w
a s z 62.5 LW.ON.T
50 I —
Y 374 LW.O.M.T
25
: 12.3 LW.OST
0 0.0 APP. LLW.L

Fig. 3.2 Tide level chart at Gaduckdo
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Table 3.4 Harmonic constant and nonharmonic constant

Location

Gaduckdo

Latitude, Longitude

35°01 " 18" (N),

128°48 " 47" (E)

Period 1978. 1.1 - 1231 1999. 5. 1 - 1999. 5. 31
Harmonic Const |y iy it i
Partial Tide (Semi-range) (Lag) (Semi-range) (Lag)
M, H,, 96.7 cn K, 2407 H,,%4 cn K, 235°
Sy H, 263 cm K, 2090° H, 251cm K, 2003°
K, o 80 cm K 15371° H 1cm K 1460°
0, H, 43 cm K, 13L& H, 46cn K, 1203
MSL 953 92.8
So=H,+ H.+ H + H, e o
Obs. HH.W. 247.0cm('87.7)
Aprox HHW.(2xS,) 190.6 1856
lj HW.OST. [S,+(H,+H)] 1783 1733
n
h HW.OMT. (§,+H,,) 152.0 148.2
a
- | HWONT. [S,+ (H,— H)] 125.7 1231
m
o MSL.(S,) 9.3 92.8
n
I | LWONT. [S,— (H,— H)] 649 625
c
LWOMT(S,—H,, 38.6 374
C | LWOSTIS,— (H, + H)]I 12.3 123
0
n Approx.L.L.W.(0) 0.0 0.0
S
; (Obs. LLW.) -42.00'80.2) ~42.0('80.2)
rtl Spring Range 2(H,,+ H.) 166.0 161.0
Mean Range 2H,, 1134 110.8
Neap Range 2(H,,— H,) 60.8 60.6
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Table 3.5 Major tidal components at Gaduckdo tidal observatory

Tidal Constant
A 1
Tidal N Sngu ;‘r Period
component e E)ee (h) | Half Tidal | Phase Lag
( %/h) Range (cm) (°)
Semi-di 1
Mo CHTAmAl - og 98 | 12.42 55.4 9355
principal lunar tide
Semi—di |
S, OEmUAHAL T ah 00 | 12,00 25.1 260.3
principal solar tide
Di 1 principal
o) THERAS PORCIDA 1994 | 2582 77 145.0
lunar tide
Luni-solar diurnal
Ki principal declination| 15.04 23.93 46 120.3
tide
2006.1.31 DD:0D = 2006.1.31 23:48
.-'.'-\.\_\

L 2 3 & & & 7 06 % 16 PE12 83 14 L5 36 LT 18 0% 26 21 22 23

2006.1.31 00:00 - 2006.1.31 23:48

1 2 3 &« & & 7 06 % 20 L Q3 K3 14 L5 246 L7 14 EF 30 21 22 23

Fig. 3.3 Tidal current and range at

dumping area 1 (NORI simulation results)
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2006.10.8 00:00 - 2006.10.8 23:48

Mg: P1A| SGE
&5 TIATTh

N

=109

=

1 3 3 4 E & 7 & 8 MO 11 07 13 14 15 A€ 17 18 1% 20 21 37 23

T

2006.10.8 00:00 - 2006.10.8 23:48

1 32 3 4 B & 9 & @ 011 0% 13 24 1€ B 17 18 L% 30 21 3% 33

T

Fig. 3.4 Tidal current and range at dumping

area 2 (NORI simulation results)
2006.3.30 00:00 - 2006.3.30 23:48

I: T
EEELR

1 Qe ™
N N

12 3 4 FE & 7 & 9 10LLAZ LY 14 15 16 07 18 4% 20 2L IZ 23
bt

]
FLiLd

2006.3.30 00:00 - 2006.3.30 23:48

T f 3 4 E & 7 € 8 10 1L 17 I3 14 15 16 LT 18 &% 20 21 2% 23

haikr

Fig. 3.5 Tidal current and range at

dumping area 3 (NORI simulation results)
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Fig. 3.6 Surveyed Tidal current at surface Case 1
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Fig. 3.7 Surveyed Tidal current at bottom Case 1
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Fig. 3.9 Field survey at 9 station
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Table 3.6 Old surveyed results at dumping area

Fig. 3.10 Old Survey data point with NORI

Spring
N(34°50 “ 00 ”) Survey Strongest year '
Survey point tide
E(128°02 " 00 ") date Flood current
Ebb current
34°47 7 45”7 68.1 61.9
Sl 1982-02-07
128°57 " 257 64.3 58.4
34°52 7 58”7 51.6 46.9
S2 1982-02-09
128°59 58 7 49.3 44.8
34°54 700" 48.0 43.6
S3 1982-02-25
128°04 " 48 ” 47.6 43.2
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Fig. 3.11 Maximum flood currents (Unit : knot)
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Fig. 3.12 Maximum ebb currents (Unit
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S.S : Observed at surface
] ——— Station 1

— < — Station 2

15 — #— Station 3

—=8—— Station 4

— & — Station 5

— = — Station 6 /.\
—=—— Station 7
X — » — Station 8
— 4 — Station 9

5 O
0 I I I I I I I I I I
o NS Q Q Q0 Qe Qe
T A @ g @ a1 s e 02 (B T e
Day(M/D/Y)

Fig. 3.13 Results of SS survey at surface

S.S : Observed at bottom
7 —<—— Station 1
— < — Station 2
15— — <+ — Station 3
—=&—— Station 4
— & — Station 5
— @ — Station 6
) —=—— Station 7
— » — Station 8
— 4 — Station 9

L EARRO S\ \ TN T\ R LA\ ST\ LRI\
WO WS T g8 @ T a0 (e
Day(M/D/Y)

Fig. 3.14 Results of SS survey at bottom
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Fig. 3.15 Seawater Sampling at dumping area

Table 3.7 SS distribution at 9 station

: Unit : mg/ ¥
Sample date Rang}% iy '_ )} A y g ioetrt;);ne D1ffse_rgr)10e
2005/12/26 3.6~10.2 5.8 0.5
2006/01/11 04~32 16 -0.1
2006/02/02 1.6~4.0 2.4 -0.2
2006/02/13 2.0~4.0 3.0 0.1
2006/03/02 2.8~4.0 3.3 0.3
2006/03/17 2.8~4.0 3.4 0.0
2006/03/31 44~12.0 7.8 1.0
2006/04/26 2.0~32 2.5 0.1
2006/05/25 2.8~9.2 4.3 1.1
2006/06/28 12~16 14.7 156 -0.9
2006/08/29 4~12 7.1 8.0 -0.9
2006/11/13 6.0~8.8 6.8 7.1 -0.3
Average 55 5.1
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Fig. 4.1 Location map at dredging area

Table 4.1 Summary of tidal circulation model simulation set up

Eastern part of Geoje Island and
Cal. area southern part of west Busan
(70.0km x 35.0km)

Tidal 338 x 267 (90,246)
circulation Mesh scheme A S5=50,100,200,400,800,1600m Variable
mesh
15days(M2+S2+K1+01),

Cal. time & friction

n (friction coef.) : 0.023
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Fig. 4.3 Calibration of tide elevation (PT-1)
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Fig. 4.4 Calibration of tide elevation (PT-2)
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Tide currents (cm/sec)

45
40 m] O O m] m
35 X X X O O K

30
i Tide currents
25 [0 Survey surface
X Survey bottom X X
] O Calculated data
20 T T T T T T T
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No. Station

Fig. 45 Comparison of max. tide current at ST-1~9
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Fig. 4.6 Maximum flood currents
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Fig. 4.10 Diffusion distribution after 18hours
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Fig. 4.11 Diffusion distribution after lday
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Fig. 4.12 Diffusion distribution after 3days

_46_



o

(T TTTITTTTTT

O=_2NWhONON®OO=

Fig. 4.13 Diffusion distribution after bdays
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Fig. 4.14 Diffusion distribution after 7days
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Fig. 4.15 Diffusion distribution after 9days
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Fig. 4.16 Diffusion distribution after 1ldays
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Fig. 4.18 Diffusion distribution after 15days
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Fig. 4.19 Distribution of maximum SS concentration
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Fig. 4.22 Comparison of diffusion between survey and
simulation Casel (05/12/26, mg/ ¢ )

Fig. 4.23 Comparison of diffusion between survey and
simulation Casel (06/01/11, mg/ 2 )

_53_



Fig. 4.24 Co
S

diffusion between survey and
im (06

=

parison of
ulation Case
(p | % ‘. c")
o1
co/

X

/

il
parison of di rv
lation Casel



1 ion betwee
el (06/03/17, mg/

DK
W S
2]



vey and

Fig. 4.29 Comparison of diffusion between survey an

simulation Casel (06/04/26, mg/ ¢ )

_56_

d






Fig. 4.32 Comparison of diffusion between survey and
simulation Casel (06/08/29, mg/ ¢ )

Fig. 4.32 Comparison of diffusion between survey and
simulation Casel (06/11/13, mg/ ¢ )
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Fig. 4.34 Comparison of diffusion between survey and
simulation Case2 (05/11/01, mg/ ¢ )

Fig. 4.35 Comparison of diffusion between survey and
simulation Case2 (05/11/17, mg/ ¢ )
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Fig. 4.36 Comparison of diffusion between survey and
simulation Case2 (05/12/01, mg/ ¢ )

Fig. 4.37 Comparison of diffusion between survey and
simulation Case2 (05/12/15, mg/ ¢ )
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Fig. 4.38 Comparison of diffusion between survey and
simulation Case2 (05/12/26, mg/ ¢ )

Fig. 4.39 Comparison of diffusion between survey and
simulation Case2 (06/01/11, mg/ # )

_61_



Fig. 4.40 Comparison of diffusion between survey and
simulation Case2 (06/02/02, mg/ ¢ )

Fig. 4.41 Comparison of diffusion between survey and
simulation Case2 (06/02/13, mg/ ¢ )
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Fig. 4.42 Comparison of diffusion between survey and
simulation Case2 (06/03/02, mg/ ¢ )

Fig. 4.43 Comparison of diffusion between survey and
simulation Case2 (06/03/17, mg/ ¢ )
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Fig. 4.44 Comparison of diffusion between survey and
simulation Case2 (06/04/26, mg/ ¢ )
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Table 4.3 Surveyed SS Case 1-1 (mg/ ¢ )

2005/12/26 | 2006/1/11 | 2006/2/2 | 2006/2/13 | 2006/3/2 | 2006/3/17

Surface 4 0.4 1.6 3.2 3.6 3.2
ST.1

Bottom 3.6 0.8 2 2.8 3.2 2.8

Surface 8.8 2 2 3.6 4 3.2
ST.2

Bottom 6.4 0.4 2.4 3.2 3.6 3.2

Surface 5.2 04 24 3.2 3.6 3.6
ST.3

Bottom 5.6 0.4 24 2 3.2 3.2

Surface 4.8 1.2 1.2 2 2.8 3.6
ST.4

Bottom 3.6 1A 0.8 2.8 3.2 3.6

Surface 7.2 24 2 3.2 3.6 3.2
ST5

Bottom 6.8 2.8 24 3.6 3.2 4

Surface 44 1.6 3.6 4 3.6 4
ST.6

Bottom 5.2 3.2 4 3.2 3.2 3.6

Surface 5.2 0.4 2.4 3.6 4 3.2
ST.7

Bottom 4 T 2.8 3.2 3.6 3.6

Surface 10.2 2 2 24 3.2 3.6
ST.8

Bottom 9.2 1.6 2 2.8 2.8 4

Surface 6.8 24 2.8 3.2 3.6 3.2
ST.9

Bottom 7.6 24 3.2 3.6 3.6 2.8
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Table 4.4 Surveyed SS Case 1-2 (mg/ ¢ )

2006/3/31 | 2006/4/26 | 2006/5/25 | 2006/6/26 | 2006/8/29 | 2006/11/13

Surface 9.6 3.2 8 16 8 7.2
ST.1

Bottom 8 2.8 5.6 16 8 6.8

Surface 7.6 2.8 2.8 16 8 6.4
ST.2

Bottom 8.4 2.4 3.6 12 12 8.8

Surface 6 24 6.4 12 3 6
ST.3

Bottom 7.2 2 3.2 16 4 6.4

Surface 84 2.8 4 16 3 7.2
ST.4

Bottom 6.8 2.8 3.6 16 12 6.8

Surface 12 2 9.2 12 4 7.2
ST5

Bottom 11.2 24 6.4 16 3 6.4

Surface 8.8 2.8 4.6 16 8 6.8
ST.6

Bottom 7.2 2.4 4 16 8 6.8

Surface 44 2.8 3.6 16 8 7.2
ST.7

Bottom 8 24 4 16 12 7.6

Surface 10.4 2.4 48 12 8 6.8
ST.8

Bottom 6.8 2.8 4 16 4 7.2

Surface 12 2.4 5.2 16 4 6.4
ST.9

Bottom 6.4 2.8 44 16 4 6.8
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Table 4.5 Surveyed SS Case 2-1 (mg/ ¢ )

2005/11/6 2005/11/17 2005/12/1 2005/12/15 2005/12/26

Surface 8.4 34 4.8 1.6 6.8
ST.1

Bottom 6.8 6.8 4.4 6.4 6.4

Surface 9.2 4.2 4.8 6 85
ST.2

Bottom 10.4 5.8 3.6 4.8 7

Surface 7.6 46 5.2 2 6.4
ST.3

Bottom 5.2 44 3.2 7.48 5.2

Surface 8.2 3.2 5.2 7.6 4.8
ST.4

Bottom 5.6 2.6 4.8 3.6 5.6

Surface 8.6 3.8 3.6 2.8 8
ST5

Bottom 104 54 3.2 4.8 6.4
Table 4.6 Surveyed SS Case 2-2 (mg/?)

2006/1/11 | 2006/2/2 | 2006/2/13 | 2006/3/2 | 2006/3/17 | 2006/4/26

Surface 12 2 2.8 3.6 2.8 24
ST.1

Bottom 0.8 1.2 24 3.2 3.2 2.8

Surface 0.8 24 3.2 4 3.2 24
ST.2

Bottom 1.2 3.6 3.6 3.6 3.2 24

Surface 0.8 2.8 4 3.6 24 24
ST.3

Bottom 2 3.2 3.2 3.2 2.8 2.8

Surface 2.8 2.8 24 3.6 2.8 2
ST.A4

Bottom 1.2 24 2.8 4 24 1.6

Surface 04 2 3.2 3.2 3.2 2
ST5

Bottom 1.6 2 2.8 3.6 2.8 24
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