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ABSTRACT

The Ariake Sea in Japan is a lypical semi-enclosed shallow sea being rich in fishery products. The amount of
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[fishery products decrease in recent years. The prediction of tidal flow, wind effect and suspended sediment transport
are important. As analytical tools, MIKE3 Hydrodynamic and Mad Transport Model are used. The simulated tidal current are based on the
observation at Nagasaki and Typhoon Songda 200418 from 28 August lo 7 September 2004, The highest Suspended Sediment Concentration
appeared near the river mouth caused by flooding and behavior of Suspended Sediment Concentration from north to south at
spring and neap tides. Storm Surge effected the erosion taking place at most areas in north Ariake Sea and influenced the most to suspended

sediment during strong wind period.

INTRODUCTION
Ariake sea is a typical semi-enclosed shallow sea being rich in
fishery products.

It supports the local economy through fishing and the cultivat-
ing grounds of fish and shellfish. The amount of fishery prod-
ucts have decreased in recent years. The reason is clear that the
seabed deposit has been deteriorated. While the sea is being
degraded, water guality is 5uIT and soil particles of tidal
flats is decreasing. Considering that the decline in the shellfish
production was the most serious signal of the environmental
degradation of Ariake bay (H.Nakata et al.2010). For this reason,
the prediction of tidal flow, wind effect and suspended sediment
transport are important in coastal related areas. Ky
is often passed by typhoons. In this island there is Ariake Sea
Chsaterize(] by a macro tidal range (3-6m) because of the larg-
est tidal range in Japan (Kat@Zind Seguchi, 2001 ; Hiramatsu et
al., 2005 ; Tsusumi,2006). The influence of typhoon on the basin
strongly depends on its tracks and wind speed. Typhoon Songda

au island

space200418 is the one of the most serious typhoon which track
in the area.

The purpose of the research regarding to condition of sediment
concentration may have on the aguatic environment of North
Ariake Sea caused by tidal current, storm surge and the relative
contribution in support of ecosystem restoration.

1. sTuDy [fEAS
The North Ariake Sea locates in the west of Kyushu Japan. The
total area of this sea is approximately 1,700km®. Tidal flats cover
18,840ha in this part, receiving flow of some rivers. Among them
Chikugo river is the largest river in which the estuary connects
to the North Ariake bay.
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Figure 1. Study Area

1. METHODOLOGY

IIL.1 Computational Tools
As lheﬂpulaliunul tools the MIKE3Z Flow Model Flexible

Mesh (MIKE3 FM) HD Hydrodynamic and MT Mud Sediment
Transport by DHI (Denmark Hydraulic Institute) are used.

The main characteristic of this tools are :

Dimension work is 3D, integral method is Eulerian, coordinate
vector system is Cartesian, the cell element used prisms-irian-
gular extrusion, method of generation mesh used triangulation-
Delaunay, the finite approximation for transport equation used
FVM, finite approximation for hydrodynamic equations used
FEM /FVM.

1112 Calculation NEfhod

The model is base on the solution of the three dimensional in-
compressible Reynolds averaged Navier-Stokes equations, sub-
ject to the assumption of Boussinesq and of hydrostatic pressure.

The equation of continuity :

u v w_g (1
éx & &z

The momentum equations:
The two horizontal momentum equations for the x and y com-
ponent, respectively :
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Where 1 is the time, x,p and z are the Cartesian co-ordinates; nis
the surface elevation; d is the still water depth; hi=n+d is the total
water depth; u,v and w are the velocity componb in x,y.z di-
rection; /=20 8ing is the Coriolis parameter (Qis the angular rate
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of revolution and (piueographic latitude); g is the gravitational
acceleration; pis the density of water; § .5 .5 and 5 are com-
ponents of the radiation stress tensor; v, 1s the vertical turbulent
viscosity; p is the atmospheric pressure; p is the reference den-
sity of water; § is the magnitude of discharge due to point sourc-
es and {u‘,vy is the velocity by which the water is discharged into
the ambient water.

The horizontal stress terms are described using a gradient-stress
relation, which is simplified to:

uj @ ‘r.'; év )|
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where A is the horizontal eddy viscosity.

Transport equation for salt:
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The diffusion coeflicients can be related to the eddy viscos-
ity:

A W,

D, =
G &,

Where D is vertical turbulent (eddy) diffusion coefficient, s is
salinity nl' the source, Fis horizontal diffusion terms, D is hnrl-
zontal diffusion coeflicient, o, is Prandtl number.

The transport of the mud:
The transport of the mud is generally described by the equation
le.g Teisson, 1991):

Elvpde) Vg el & v &

— e e | | e | ] e == | 5
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Where ¢ is the time, xy and z are Cartesian co-ordinate, u,v and
w are flow velocity component, ¢ is mass concentration, w, is fall
velocity, @, is turbulent Schmidt number, v, is anisotropic eddy
viscosity, § is source term.

Settling velocity:

The settling velocity of the suspended sediment mdv-peuﬁed
as a constant value. Flocculation is described as a relationship
with the suspended sediment concentration (Burt,1986). Hin-
dered settling can be applied if the suspended sediment concen-
tration exceeds a certain level. To distinguish between three dif-
ferent settling regimes, two boundary are defines, ¢, and € uterest
being the concentrations where flocculation and hindered set-
lllngheglns. respectively.

Constant settling velocity:
The flocculation may be negligible while suspended sediment

concentration is below a certain value, and constant settling ve-
locity can be applied:

€ ~Cpy (10)

Where w is the settling velocity and k is the constant.
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Flocculation:
The sediment will begin to flocculate after reaching L The

relationship between settling velocity and sediment density
(Burt,1986):

y
W, —chi |

| Crie ™ € > Chimdered  (11)
p,;d.]ﬁ'ﬂ J

Where kis a constant, p_ g the sediment density, y is a coefl-
ficient termed settling index.

Hindered settling:

The settling column of flocs begin to interfere after a relatively
high sediment concentration (¢, ] is reached and hereby re-
ducing the settling velocity.

Deposition:
The relationship within the deposition as (Krone,1962)

Sp=w.6,p, (12)

where w_is the settling velocity of the suspended sediment (ms
!, ¢, is the suspended sediment near the bed, p is the probabil-
ity of deposition.

.
Pa =l-r—} (13)

a

In the three-dimensional model, ¢, is simply equal to the sedi-

ment concentration in the water cell just above the sediment

bed.

Erosion :

Erosion for hard-bed:

The erosion rate for a consolidated bed can be written as (Par-
theniades,1965):

Sy=Bl -1 s (14)
Where E is the erodibility (kg m* s), n is the power of erosionH,
is the bed shear stress (N nd @ is the critical shear stress

for erosion (N m*). 5, is the erosion rate (kg m* s').

muion for soft-bed:

The erosion rate of the partly consolidated bed can be written as
(Parchure and Mehta,1985):
=Ele™) 1 (15)

€

Where « is the empirical constant for erosion.

el setting and data :
In the model setting a finite difference grid was developed as

the model domain with the size of the triangular mesh option
which each element maximum area is L000,000 m? The verti-
cal direction z is divided into 10 layers. The horizontal grid mesh
contains 256,250 element with 152,196 nodes. The model was
calibrated with using observed data between August and Sep-
tember, 2004 (reference 2 and 9). lJur calibration the param-
eter of hydrodynamic and sediment characteristics of the sea
were adjusted until a satisfactory correspondence between the
model results and observed field data was obtained.

The critical shear stress ©_= 0to 0.4 Pa, waased for start the
sediment resuspension value. The coefficient erosion (E) is a fac-
tor used to control the overall level of the erosion (Eqs.14.15).
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The calibrated rate of erosion E=0.00001 kg m* s '. The empirical
constant for erosion a=1, the power of erosion n=1. Bed rough-
ness, z,= 0.001 to 0,005 m. .

4
The data needed as input are: bathymetric data obtained from
the Ariake Sea Project of S8aga University in the form of water
depth in the Ariake sea and other areas in the southern of Ky-
ushu Island in longitude 129° - 130° and latitude 32° -n". The
topographic data are obtained from 50 m DEM of Japan supplied
by Geospatial Information Authority of Japan. The discharge
data of Chikugo, Yabe, Bokkaku and Kase river are obtained
from Japan Water Information System. The high intensity of
rainfall effect to the river can be shown in the data as high dis-
charge (flooding). The tidal current considered is Nagasaki Tide,
the data are obtained from Japan Oceanographic Data Center.
The Storm Surge u}'phmm Songda200418 from 28 August to
7 September 2004 in the form of wind speed and direction, ob-
tained from Japan Meteorology Agency.

IIL3.Initial Condition and Boundary Condition:

The hydrodynamic initial condition is a form of surface water
level data on 28 August, 00:00:00, 2004 which is interpolated by
using data from several station Nagasaki, Kuchinotsu, Misumi
and Oura.

The salinity initial condition is a data file containing initial sa-
linity value (PSU) where the data is varying in domain. The data
value were preset in the range 30 to 32 PSU, for the temperature
is taken as constant value.

The mud transport initial condition were preset as suspended
sediment concentration constant value in domain, were preset
in the range 0 to 0.024 kg m™.

The hydrodynamic boundary condition is a form of time series
discharge of Chikugo, Yabe , Rokkaku and Kase river from 28 Au-
gust, 00:00:00 to 7 September,23:00:00, 2004 and Nagasaki Tide as
boundary condition at open sea of Ariake.

The salinity boundary condition is specified value as varying in
time and along boundary at open sea of Ariake, were preset in
the range 31 to 33 PSU. For the rivers, salinity value were preset
0 PSU with assumption that at the start of simulation the water
from river still be as fresh water.

The mud transport boundary condition for rivers and the open
sea were preset in the range 0.001 to 0.02 kg m™,

IV. RESULT AND DISCUSSION

IV.1 Model Calibration

Calibration of the model for water surface level at Nagasaki and
Kuchinotsu, are shown in Fig.2 and 3. Calibration of the model
for salinity and suspended sediment can be shown in Fig4 and
5. Fig. 2 and 3 show the good result between simulation and
measurement of Kuchinotsu and Nagasaki water levels. Figd
shows the good result between simulation and measurement in
the area where the range of salinity is from 26 to 29PSU (refer-
ence 9 ). Fig.5 shows the good result of simulation and measure-
ment in 5ta 56 near the Chikugo river estuary which 85C meas-
urement data being from 0.03 to 0.04 kg/m® (reference 2 ).
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V.2 Simulation Result and Discussions

Fig6 indicates that during flooding lheesl SSC takes place
near the river mouth to seaward and by tidal current from south
to the north at spring tide. The result well reflects the character-
istics @ASSC distribution in the mouth of river that includes tidal
flats, where the concentration are higher than those not only at
upstream part but the offshore parts as well. It moves concur-
rent by flooding flow. centration of the flat part are higher
than those other place because sediment the flats are more
abundant and easier to be stirred up. The interface of saline wa-
ter and fresh water (Fig. 7 ) can be clearly seen around the river
m . Viewing the vertical distribution of salinity, the low salin-
ity water moves offshore at the surface while the bottom saline
waler uun\-\ersely moves more Lo upstream.

A graph trend of bed thickness tends to decrease (graph lines
below 0.0m) at south part of North Ariake Sea (Fig.8,9 )The
maximum decrease of bed thickness in this graph about 0.1 m
below the bed initial surface. This indicates that erosion average
took place in this part. Fig.10 shows tendency of the bed thick-
ness increasing (graph lines above 0.0m) in north part effected
by tidal current. The maximum increasing of bed thickness in
this graph was very small. This indicates that deposition aver-
age took place in this part. Fig.11 shows tendency of the bed
thickness decreasing by storm surge (graph lines below 0.0m).
The concentration of the graph lines are near the date of 31 Au-
gust 2004, because the peak of strong wind took place near this
date . The effect of wind by Songda to Saga denotes that erosion
took place at almost of the all points ahe basin of north part
Ariake sea (Fig.11), This indicates that storm surge generated by
typhoon stirs up large quantity of sediment resulting the tidal
flats” erosion.

At stratification’s checking point 1712 (right side line through
Chikugo river) for example (Figl12) and in Fig13 show that cur-
rent velocity at water surface higher than bottom by taking red
line graph (T5236) with assumption that there is a delay be-
tween peak of velocity and peak of water level.

This condition is same as stratification’s
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Figure 6. S5C vertical profile along IP1-IP2 line with $8C
horizontal distribution in Ariake Sea

checking point at the left side line through Kase River. The S55C
in this location can be shown in Fig14. The values of current ve-
locity and S8C of IP1 to IP13  are denoted in Table 1 @ In
Table 2, it is apparent that values of SSC are higher in near the
mouth of river than at seaward.

stream to the mouth of river i ikugo River and the lower
value of S5C was transported by tidal current from south to the

north at spring tide and conversely at the neap tide.

The highest value of S5C was lransinrled by flooding from up-
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Figure 7.8alinity vertical profile with salinity horizontal dis-
tribution in the Ariake Sea

Bed thickness
1 Abjl.lrage increase

- Bed thickness

2

Figure 8. Bed thickness increase and decrease trend loca-
tion in North Ariake Sea effected by tide.

Figure 9. Bed thickness trend.
Figure 10. Average bed thickness
Figure 11. Average bed thickness trend, effect of the
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In Table 1 it is shown that the current velocity effected by the
flooding tide is gradually influenced through IP1 until IP5 from
strong to weak influence of current speed. In the case of tide and
wind taking place concurrent, S8C will be higher at strong wind
time and after this time, the value of 55C decreases and almost
the same to the tide effect It can be shown in Fig.15 to Fig 17
at surface layer and bottom layer, which the redBcolor is effected
by tide and blue color is effected by tide-wind concurrent taken
place.
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Figure 12.Location of stratification’s points
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Figure 13 Vertical distribution of Current velocity in IP12 at
spring tide
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Figure 14. SSC vertical distribution in IP12 at spring
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Figure 15. 85C changes by tide-wind concurrent at IP13 in
surface layer.
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Figure 16. S5C changes by tide concurrent at IP13 in sur-
face layer.
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Table 1. Current velocity of IP1 to IP13 at spring, neap and
flooding tide.

Current {m/s)
Ip spring neap
5 LI irection |bottom | direction|surface | direction | bottom |direction

1 % 0.2 gsouth | 0.065 | south | 0.03 south
2] 023 south | 0.13 | south | 082 | south 04 south
3] 055 0.1 north 1.5 south X3 south
4] 055 0.2 north 0.7 south 0.1 south
5] 045 1 0.2 north | 0.53 | south | 0.16 | south
6] 063 i 0.3 north | 063 | south 03 south
7] 085 1 0.5 north 0.8 south 04 south
8] 083 1 0.5 north 0.8 south | 0.45 south
9] 0.58 i | 0.32 | north | 0.55 south 0.3 south
10] 0.55 i | 032 | north | 033 south | 0.32 south
11] 045 i | 0.26 | north | 0.45 south | 026 | south
12] 0.51 1 0.3 north 0.4 south | 0.25 south
13] 0.35 morth | 0.175 | north | 0.56 | south 0.3 south

Current (m/s)

P flooding

surface n|bottom |direction
1 1.5 south (1R south
2 1.6 south [1%] south
3| L5 south 0.7 south
41 0.2 south 0.1 north
5| 048 south 017 north

Table 2. SS5C of IP1 to IP13 at spring, neap and flooding tide.

SSC (kg/m3)
P spring neap fbodmg

surface |bottom|surface |bottom |surface| bottom
0473 0472 0442 0442 | O.odd | D662
0450 | 0449 (1.448 0458 | 0718 | 0736
1275 0100 01593 0alt | 0880 | 0.895
(1033 0.034 0470 0.340 | 0380 | 0180
0022 | 0022 0045 0032 | 0.070 | 0.080
1023 0023 0027 0028 - -
0030 | 0042 (L0335 0036 - -
0040 | 0060 0050 0.070 - -
0034 | 0035 041 0041 - -
10 0022 | 0.023 00zl 0019 - -
11 (009 0010 (008 0008 - -
12 0006 | 0006 (L005 0006 - -
13 0005 | 0.005 0009 0.009 - -

=g e =N R N T L

V. CONCLUSIONS

S5C and salinity changes due to storm surge and tidal current in
the North Ariake Sea have been presented. Based on the simula-
tion result and discussion above, the followings can be conclud-

ed.

1). The model has been calibrated against water  level,  salin-
ity and sediment concentration data, as the gooda gre e -
ment.

2). The effect of tidal current deposition took place more to
the northand  almost along nearshore and river
mouth, while erosion at more south.

3). The highest SSC took place near the  river mouth caused
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by flooding towards the south.
4). Salinity and 85C in vertically and plan view distribution re-
flect the actual natural phenomena in the Ariake Sea.
Wind effected the erosion taking place at  almost the

o
—_—

all points in basin.

6). The tidal current is on important effect that should be
counted to sediment resuspension, while storm surge
influenced the most to suspended sediment at strong wind
period.

7). urther observation of bed level change of bathymetry and
the longer time of simulation in order to evaluate the  such
steady result condition of salinity and S5C also recom-
mended.
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