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Abstract

Two~-dimensional numerical experiments and field surveys have been conducted to clarify
some environmen:al variations in the flow and sedimentation in the adjacent seas after
the construction of a tidal embankment. Velocities of flow and water levels in the bay
decreased after the construction of the barrage. When the freshwater was instantly
released into the bay, the conditions of flow were unaltered, with the exception of a
minor variation in velocities and tidal levels around the sluices at the ebb flow. The
computational results showed that freshwater released at the low water reached the
outside of the bay and then returned to the inside with the tidal currents at the high
water. The front sea regions of the embankment had a variety of sedimentary phases
such as a clayish silt, a silty clay and a sandy clayish silt. However, a clayish silt was
prevalent in the middle of the bay. On the other hand, the skewness, which reflects the
behaviour of sediments, was 0.1 at the front regions of the embankment while it was
more than *0.3 in the middle of the bay. Analytical results of drilling samples acquired
from the front of the sluice gates showed that the lower part of the sediments consists
of very fine silty or clayish grains. The upper surface layer consisted of shellfish, such
as oyster or barnacle with a thickness of 40~50 cm. Therefore, it seemed that the
lower part of the sediments would have been one of intertidal zones prior to the
embankment construction while the upper shellfish layer would have been debris of
shellfish farms fcrmed in the adjacent seas after the construction of the embankment.
This shows the difference of sedimentary phases reflected the influence of a tidal
embankment construction.
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1. INTRODUCTION

Haechang Bay is located between the Kohung
Peninsula and the Narodo Islands at the south
of Korea(see Fig. 1) and is a relatively shallow
sea receiving the effluents of the natural river
so that aquaculture of shellfish and algae have
been activated for a long time. However, in
1963 a tidal embankment was completed with
electrical sluice gates to create agricultural
lands at the downstream after some recla-
mation work. Although the seawater intrusion
and water level towards upstream have been
controlled, the biomass production at the sea
side of the embankment has been severely
affected because large amounts of freshwater
are instantly released, especially at the ebb
flow, through the sluice gates and into the
adjacent fishing grounds.

This paper describes environmental changes
regarding the flow and sedimentation in
adjacent seas after the construction of a tidal
embankment. Furthermore, and the most im-
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portant thing for this study is to make sure of
the behaviour of freshwater effluents, which
are released from the sluice gates, through a
field observation and numerical experiments.

2. MATERIAL AND METHODS

2.1. Field Observation

Field observations have been carried out to
collect the data of tidal levels and currents at
some given points in Haechang Bay twice
during July 21~22, 1997(the age of moon
16.3~17.3) and April 11~22, 1998(the age of
moon : 140~15.0), as shown in Fig. 1. Firstly,
a sequence of tidal levels for 25 hours was
recorded with a tidal gauge(model type
Aanderra WLR7) and then, using self-recording
current meters(model type : Valeport 105 and
Alec ACM-16M, ACM-200PC),
simultaneous measurements of tidal currents at
three different points were carried out for two
tidal periods.

successive
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Fig. 1 Map showing the stations for water levels, currents and sediments sampling.

In order to work cut the influenced area due
to released freshwatar when the sluice gates
were opened, the pursuit experiments of
drogues and drift bottles were carried out
twice at the ebb tides during July 21, 1997 and
April 11, 1998. For the experiments, two small
fishing boats and portable GPSs were used. A
surface layer of sediment was sampled using a
gravity core at 28 opoints and in addition to
this, at 4 points ; of these the lower layer
sediments were drilled by a vibra core and
then grain sizes were analyzed, in order to

2.2. Numerical Experiments

Some numerical experiments have been
completed not only to reproduce flow conditions
before and after the construction of a tidal
embankment, but also to investigate the
phenomena of freshwater dispersion in the
gates. For the
computations, the effect of stratification was not
considered because the study area is shallow,
less than 5 m in depth on the average, and
therefore a two-dimensional numerical model

opening of the sluice

investigate sedimenzary phases near the With a depth integration was used. The
embankment. numerical model uses moving boundaries in
Table 1. Categories and conditions of numerical experiments

run conditions categories remarks

F-1 before closure of embankment

F-2 no discharge successive 8 tidal

. - periods
e after closure of embankment discharged from the sluice
gates 1, 2 and 3
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which the open boundary changes with depth
vanations. The open boundary conditions were
controlled by water levels and velocities. The
computational area has a system of 200X115
with a square grid size of 100 m for each case
of before or after construction of a tidal
embankment. The depth and bathymetrical data
after construction of a tidal embankment was
made based on the chart No. 240 published by
the National Ocean Investigation Institute. The
depth and bathymetrical data before the
construction of the embankment was made
based on not only the chart published by the
Hydrographical Agency of Navy of Korea, but
also the map published by the National
Geographical Institute of Korea.

Table 1 represents the conditions and cate-
gories of numerical experiments for seawater
movement. The computational results, run F-2
and run F-3, were used for outer forces in the
numerical experiments of freshwater dispersion.

In particular, the freshwater dispersion area
was obtained under the flow conditions of flood
and the spring tide after two tidal periods from
release to see the impact of a large quantity of
freshwater released instantly on the fish farms.

(1) Fundamental equations of numerical model
The numerical model used for seawater
movement is DIVAST(Depth Integrated Velocity
and Solute Transport), originally developed by
Falconer[1986]. Taking into account the
resistances by wind and the sea bed into shear
stress terms and after applying partial
integrations of Leibniz vertically and continuity
equations with a Boussinesq approximation, the
depth integrated equations of momentum and
continuity for seawater movement can be
obtained as follows:
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time, B is the correction
U, V are depth

X, y directions,

where, [ is
coefficient of momentum,

mean velocities in the

respectively, H is a total depth, g is the

gravitational acceleration, f is a Coriolis

parameter, 7) is a displacement of sea surface,

€ is depth mean eddy viscosity, ©, is a

density of air, C* is the resistance coefficient

of sea surface, W, , W, are wind velocities

in the x is the
Manning’'s roughness.

All terms in the equations of (1), (2) and (3)
are calculated in term of the ADI method with
a centralized discretion in space, using a
staggered grid scheme. Non-linear advective
terms expressed by means of discreted

equations are solved by iterative computations

, ¥ direction and =n

with a implicit method, The time step At can
be taken up to 8 times larger than time step
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given as the Courart number, in the equation

4).
dx
4t < 8m=‘ (4)

where Ax is a grid size, Mpay is a maximum

depth in the domain.

The boundary of computational domain is
divided into two parts, i.e., enclosed boundary on
land and open boundary in rivers or in the sea.
Any enclosed boundary with well developed
wetlands is movable since the present numerical
model takes a moving boundary system.
Because in regions of tidal flood plains the
numerical model must be capable of treating
such flooding and drying phenomena by
removing dry cells and replacing flood cells as
the tidal ebbs and floods respectively. The
boundaries of the modelling domain will
therefore move throughout the tidal cycle. A
widely used solution procedure for the treatment
of flooding and dryirg has been developed by
Leendertse et al.[1971]. However, this study has

taken a new flooding and drying routine
developed by Falconer et ¢l.[1991]. Boundary
conditions on the open boundary are composed
to be controlled by water levels or velocities.

Water level variations on the open boundary
in the model basin are given by a tidal motion.
Tidal harmonic constituents used in the input
of water levels are indicated in Table 2. The
simulation of seawater behaviour has been
examined using these amplitudes and lag
phases shown in this table.

3. RESULTS AND CONSIDERATION

3.1 Current Circumstances

Fig. 2 shows stick diagrams of tidal currents
simultaneously measured at the stations Cl~
C3 shown in Fig. 1. According to the results,
the flood tidal current flow towards the
northwest at stations Cl1 and C2 while they
flow towards the south at station C3. The ebb
tidal current flow towards the southeast at

Table 2 Tidal harmonic constituents used as open boundaries (National Ocean Investigation Institute,

1992)
M, S2 Ki O
station H p H « P H P position
em) | (°) | (em) | °) | (em) | (O) | (cm) | (*)

Yosu 101 54 47 282 191 12 153 34°45'N, 127°46'E
Chobaldo 111 | 267 46 302 182 17 166 38'N, 33'E
Narodo 105 | 260 | 48 283 187 16 157 28'N, Z2T'E
Kumodo o 255 | 48 286 179 15 152 35'N, 44'E
Keomundo 9P 270 40 295 193 17 171 02'N, 19E
Shinjukdo M 276 | 46 | 313 199 16 167 17'N, 22'E
Chodo 95 272 45 305 193 19 164 14'N, I5'E
Keokumsudo 110 | 275 53 298 189 18 170 30'N, 09'E
Nokdong 116 279 48 297 181 19 171 32'N, 08'E
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Fig. 2 Stick diagrams of tidal currents at the stations C1~C3.
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Fig. 3 The tracks of drogues after the freshwater released at the ebb flow.
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station C1 and C2 while they flow towards the
north at station C3. Although part of the
seawater flow into Haechang Bay through the
east open boundary at the flood tide, which
proceeds up to a tidal embankment, the
remainder goes out through the Narodo
Channel in the south open boundary. However,
the ebb flow is totally opposite to the flood
flow.

Fig. 3 typically represents tracks of drogues
along with the freshwater released at the
opening time(13:40~18:09) of the sluice gates
(where the total figure of drogues and drift
bottles released was 25). According to the
results, the drogues all drifted towards the
west and moved out of the bay, but they are
not too far from the Wado or Chwido islands
because of the comparatively slow currents.
Some drift bottles were found around the
northwest sluice gates of the bay, due to a
weak southwest wind, during that day. As
they slightly escaped from the gates due to the
different wind speed and direction, it does
explain that the flow inside of the bay is
active, despite the stagnant flow near the coast
with a comparatively shallow water depth.

3.2 Sedimentary Phases

Fig. 4 represents the distribution of sediments
at the surface layer for each station. According
to the results, the contents of sand turned out
to be less than 10 %6, except for the areas
between the Chwido znd Chomdo islands. The
contents of silt were 40~50 % at the area
between the Chwido and Okkangri, where
sluice gate No.2 is lccated, and 60~70 % at
the area between the Odo and Wado islands,
where sluice gates Nc.l and No.3 are located.
Therefore, at the area between the Chwido
island and Okkangri tke contents of silt tended
to increase towards ths outer sea while at the
areas between the Odo and Wado islands the
contents of silt tended to decrease. The
contents of clay were 356 % on the average
and this was found to be extensive all over

the bay. However, the contents of clay had a
tendency to increase towards the outer sea at
the south while they had a tendency to
decrease gradually, after a slight increase, at
the north.

The distribution of mean grain size is
described in Fig. 5. The mean size of grains is

8~9 @ at the south and 7~8 @ at the north
of the breakwater of Chwido island. As a
result, the mean size of grains had a tendency
to increase towards the south channel through
the  Naenarodo. Therefore, the present
sedimentary phases can be classified into three
different sedimentary phases, such as clayish

silt( CS7), Silty clay( S¢C) and sandy clayish

silt( SCS?). For instance, a silty clay area
between the Chwido and Okkangri, where
sluice gate No. 2 is situated, a sandy clayish
silt area in front of the Chomdo island and a
clayish silt area near the Wado island, where
sluice gates No. 1 and No. 3 are situated.

Fig. 6 indicates the skewness, which is an
index of reflection for an energy environment
when the sediment has been deposited in the
present areas. Generally, it is known as the
reflection of erosions or non-deposits, if the
skewness is less than —0.1. Alternatively, if it
is —0.1~+0.1, it implies a reflection for the
seawater movement and if more than +0.1, it
implies a reflection for the  deposits
(Duane[1964]); Folk et all[1964]; Cronan[1972]).
The skewness is —0.1~+01 at the area
between the Chwido island and Okkangri, more
than +0.3 at the area between the Odo and
Wado islands, —0.1~ +0.1 at the area between
the Okkangri and Teokheungri and +0.3 at the
area between the Chomdo island and Namyolri
or Teokheungri, respectively. Therefore, it can
possibly be judged that the area between the
Chomdo island and Namyolri or Teokheungri
reflects the phenomena of the seawater
movement and the area between the Odo and
Wado islands reflects the phenomena of
deposits, respectively.
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Fig. 4 The distribution of sediments at the surface layer for each station.

_44_



Characteristics of Flow and Sedimentation around the Embankment

w Okng - rig

Fig. 6 The distribution of the skewness.
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Fig. 7 Profiles of drilling samples showing the variations of sediment composition captured in the
vicinity of the embankment,
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3.3 Change of Sedimentary Environment
induced by Barrage of a Tidal Embankment

In order to investigate the change of
sedimentary environment after the reclamation
projects and embankment construction, which
had been started in 1963, one station(St. 1, as
shown in Fig. 2) in front of the embankment
has been selected for a driling with a vibra
core, and a sample of 262 cm long has been
obtained, as shown in Fig. 7. The analytical
results of a drilling sample have shown that
the sediment consisted of a muddy layer in
reddish yellow with about an 8 cm thickness
from the surface. A layer of shellfish mixed
with oyster or bamacle towards the middle
area and a muddy layer in blackish yellow
near the bottom were found, respectively.
These distribution patterns explain that muddy
layered deposits with the thickness of 53 cm
towards the middle from the lower part of
sample and a shellfish layer at the upper part

would have been formed wunder different
environmental circumstances each other. In
other words, the change of sedimentary

induced by a physical factor,
such as the construction of a tidal embankment
would have contributed as a major parameter
to the formation of the upper shellfish shell
layer.

environments,

3.4 Change of Seawater Behaviour induced by
Bage of a Tidal Embankment

Fig. 8 is the comparison between field data of
tidal current ellipses at stations Cl and C3 as
seen in Fig. 1, and computational results,
obtained from some iterative computations with
a trial and error, using the tidal harmonic
constituents seen in Table 2. We assumed that
there is no discharge of freshwater from the
sluice gates. The computational results
favorably reproduced field data in the directions
and magnitudes of semi-diurnal tidal currents.
So these states of boundary conditions have

been fixed as open boundary conditions of the
flow field.

Fig. 9 show comparisons of current velocity
variations in the maximum flood and ebb flows
of the spring tide before and after the
construction of a tidal embankment, respec-
tively. After the barrage of a tidal embank-
ment, the velocities of the currents in the bay
decreased more than 10 cm/s as a whole, in
particular in the vicinity of the barrage.
However, the patterns or velocities of the flow
out of the bay seemed to be unchanged.

On the contrary, Fig. 10 are variations of
tidal levels before and after the construction of
a tidal embankment. The water levels fell at
low water while they rose at high water after
the barrage was lowered, approximately 1 or 2
cm. In a word, the tidal ranges increased that
much.

3.5 Change of Seawater Behaviour induced by
Freshwater Discharge

In order to examine how the freshwater
discharge influenced on the seawater behaviour
in the adjacent seas around the sluice gates
after the
differences
cases of discharge and no discharge of
freshwater are compared in Fig. 11. While
there is a freshwater discharge, the velocities
of currents varied with a range of about 5
cm/s, compared to the case of no discharge of
freshwater. In particular, the flood flow was
influential rather than the ebb flow.

On the contrary, the comparison of the tidal
level differences between the cases of
discharge and no discharge of freshwater
showed that the tidal levels varied within a
range of about =2 cm. However, the ranges of
variation seemed larger at the low water than
those at the high water.

construction of the barrage, the
of current velocities between the
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Fig. 8 The comparison of tidal current ellipses

Fig. 9 Comparisons of current velocities between before and after the construction of a tidal

embankment.
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Fig. 10 Comparisons of tidal levels between before and after the construction of a tidal
embankment.
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Fig. 11 Differences of current velocities between the cases of discharge and no discharge of

freshwater.
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Fig. 12(a) Dispersion of the freshwater released from the sluice gates
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Fig. 12(b) Maximum volume concentration
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3.6 Numerical Experiments of Freshwater

Dispersion

As mentioned previously, the computations of
freshwater dispersion have been performed to
obtain results after two tidal periods from the
release of freshwater, assuming the flood and
the spring tide. The major aims of this study
are to clarify the influences on the surrounding
fishing ground while a massive quantity of
freshwater is released from the sluice gates.

The freshwater dispersion was calculated
using a random walk method. For the accuracy
of computation, a three-dimensional baroclinic
equation with temperature variations should be
solved. However, Haechang Bay is mostly less
than 10 m in depth and it has well developed
wetlands and irregular variations of water
depths. Therefore, for convenience, a
two-dimensional numerical model has been
adopted in this study. In particular, the study
area has insufficient field data for salinity. So
instead of solving the equation of salinity
directly, we gave the individual freshwater
volume per each particle relative to the total
volume of released freshwater. Then the
non-dimensional volume concentration of the
quantity of freshwater relative to the existing
seawater was calculated. In this case, the
variation of volume concentration should be
taken into account due to evaporation or other
unknown factors, however, the variation of the
quantity of freshwater has been ignored.
Because the quantity of evaporation is small
and the mechanisn of evaporation is also
complicated. The numerical model used here is
the RNDLEE(Lee et all1995]) and will be
described below.

For a particle of passive contaminant in the

flow field, X(¢+ 49, which is a new position
t+ 4t

expressed in terms of a drift velocity vector U

of particle at the time can be

and a dispersive velocity component # as
follows:

X(t+ 4t = X(0) + Udt + o 4¢ )

The third term on the right side describes
the movement of particle due to dispersion and

it can be expressed in the probability
processes.
w At = Ro 6.1)
o= 1V2a. |« (X(D,1t)| 4t 6.2)

where, K is the normal distribution and has

0 as the mean value and 1 the standard
deviation. The equations of (6.1) and (6.2) are
coincident with a basic solution of diffusion
equation without advective terms.

On the contrary, in the probability processes
like equations of (6.1) and (62), ((x,y,1%),
which is a probability distribution in the time
and the space for individual particle cluster,
satisfies the following Fokke-Plank equations.

gg: + a(gcc) n a(;/yc)
34(D,C) | 9YD,0) |, 3#4D,0)
B ox’ + ox0y + 9y
"
U=u+ aanxx + a;z}xy
+%% + ZZ’” gz (7.1)
Vot Dn 2D
+~%g—fj + l;l"y gi’ (7.2)
D, = D;cos?0 + Drsin’6 (7.3)
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D,, = D; sin%0 + Drcos®6 (7.4)

D,,= (D; — Dz)sinfcos 8 (15)

C is a concentration of solute, % is a

6= arctan(v/w), D; and

where,

water depth,

Dy are the Ilongitudinal and transversal

dispersion coefficients of the flow, respectively
and described as below.

Dp=ap| u(x(0), 1 | )

where, @; is a mixing length.

The dispersion considers an apparent
diffusion due to a vertical velocity distribution
into the turbulent diffusion and the longitudinal
dispersion coefficient is given by Elder(1959).

D, =5.93rU, 10)

where, U, is a friction velocity which can be

obtained from the following equation (11).

U, = -\/—g-\/ ut + ot (11

- _ _k
C 18.0log 124 (12)
where, C is the Chezy coefficient, % is a
height of roughness.
In general, the transversal dispersion

coefficient Dy accounts for about a quarter of

the longitudinal dispersion coefficient Dj. The
velocity component due to dispersion in the

equation (5), #% can be obtained from the

following equation.

Z{L’ = R1V ZDL/At

(13.1)

uT' = RZV 2DT/At

(13.2)

where, R, and R, are random numbers and

0 and 1 as
standard  deviation,

the mean value and
respectively and  the

have

components of dispersion velocity in the X and

y directions are as follows:

,

u = wu; cosf— ursind (14.1)

v = wu;'sin@+ us cos (14.2)

For the Lagrangian particle tracing model,

C,-j, which is the concentration at each grid

(#,7), is expressed by the following
equation (15).

point

_ M ni(D
C,‘j(t) =N h,;dxdy (15)

where, M is a total quantity of contaminant,

N a total number of released particles, #; a

number of particles remaining in the grid point
(2,7), hj a water depth and m = M/N, ie.

a quantity of contaminant per each particle.

Fig. 12(a) and (b) represent computational
results when the freshwater is discharged from
the three sluice gates simultaneously, assuming
that a hundred particles of the freshwater per
hour are released at each gate during two tidal
periods(i.e. fifty hours). Therefore they show
results after 30,900 particles of the freshwater
were released in total. Fig. 12(a) represents the
dispersion of freshwater and the
distributions  of  non-dimensional  volume
concentration at low and high waters at the
spring tide, and Fig. 12(b) represents the
maximum volume concentration of freshwater,
accompanied by the advection and diffusion
along with the flow after release of freshwater
particles, respectively.

particles
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According to the computational results, the
freshwater released from the three sluice gates
covered the area from the south of Namyolri
beyond the Daeokdaedo at low water while it
was imposed to return to the inside of
Haechang Bay by the westward tidal currents
at high water. This trend would also be
recognizable in Fig. 12(b), only if the
maximum  boundary of the freshwater
dispersion during the whole release period were
identified in terms of the iso~concentration line
of 1.0. Basically a scope of the freshwater
dispersion coincided with the results predicted
by Ryul1995].

4. CONCLUSIONS

For Haechang Bay, which is located at the
south tip of the Kohung Peninsula of Korea,
two-dimensional numerical experiments and
some field surveys have been conducted to
investigate the variations of the flow and

sedimentary environment induced by the
construction of a tidal embankment; in
particular, concerning the fisheries

environmental problems, to clarify the impact
of a massive quantity of freshwater released
instantly from the sluice gates to the adjacent
seas. The major results obtained here are as
follows:

(1) After construction of the barrage not
only the velocities of currents decreased a little
but also tidal levels fell, in particular, in the
vicinity of a tidal embankment.

{2) When the freshwater is released through
the sluice gates, the overall flow patterns
never made a hig difference compared to the
case of no discharge. However, the variations
of current velocities and tidal levels near the
gates appeared a little, due to freshwater
released at the low water.

(3) The computational results of freshwater
dispersion showed that the freshwater goes out
of the bay at the low water and it returns to

the inside of the bay along with the westward
tidal currents. This shows a similar tendency
with the tracks of drogues and drift bottles at
the surface.

(4) The front areas of a tidal embankment
had a variety of sedimentary phases, such as
clayish silt, silty clay and sandy clayish silt. A
clayish silt is prevalent in the middle of the
bay. Furthermore, the skewness, which reflects
the behaviour of sediments, was *0.1 in front
of the embankment while it was more than +
0.3 in the middle of the bay. This showed a
remarkable difference. Therefore, it can be a
good indicator of the impact of freshwater flow
induced by periodic operations of the sluice
gates of a tidal embankment because it was
equivalent to the boundary of freshwater
dispersion in the numerical experiments.

(5) Based on the analytical results of the
drilling samples obtained at the front area of a
tidal embankment, the lower part of the
sediments consisted of very fine silt and
clayish grains while the upper part consisted of
the layer of shellfish such as oyster and
barnacle with a thickness of 40~50 cm. Hence,
we can deduce that the lower part of
sediments would have been an intertidal zone
prior to the barrage while the upper shellfish
shell part would have been debris induced by
some shellfish farms started in the adjacent
seas after the Dbarrage. Therefore, the
differences in the sedimentary phases indicate
the influence of a tidal embankment.
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