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ABSTRACT

Sand bars associated with strong tidal currents are well developed in the subtidal
zone near the Kokunsan islands. Tidal currents measured at sand bar in the area
show an asymmetry in magnitude between flood and ebb currents. At the southern flank
of the sand bar the currents are flood-dominant whereas the currents are ebb-dominant
at the northern flank. The asymmetry is more distinctive as the currents become stronger
during spring tide. Moreover, the flood-dominance along the southern flank is stronger
than the ebb-dominance along the northern flank. Thus the flood current is more affec-
tive to the sand bar. The sandy bottom sediment is mostly transported as bedload by
the tidal currents. The magnitude asymmetry of the tidal currents results in a net sedi-
ment movement in one direction. The direction is onshore in the south and offshore
in the north, which may result in a net counterlookwise rotation of the sands around
the sand bar. However, the sand bar may migrate towards onshore due to the more af-
fective flood current in the south. The irregular V-shaped outline of the sand bar in
the south also seem to reflect the strong effect of flood current.
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INTRODUCTION bars near the Kokunsan Islands was selected

Pattern of sediment transport in coastal
region is largely affected by waves and currents
which are easily modified by the bedforms.
Cohesionless coarse sediments are usually
transported as bedload by the tractive force ex-
erted by the flow acting on the grain near the
bottom (Komar, 1978; Sleath, 1984), and the
movement of sediment by traction results in
various bedforms of different shapes and sizes
(Bagnold, 1946; Holman and Bowen, 1982;
Stride et al., 1982). The various bedforms in turn
deform and distort the flow condition which
changes the bedforms again, sometimes
resulting in the migration of bedforms (Ludwick,
1972; 1975).

In the coastal region, where tidal currents are
strong and abundant sand material is available,
large sand bars are well developed (Off, 1963;
Caston, 1972; Jordan, 1972; Belderson et al.,
1982; Stride et al., 1982). Due to the big volume
of the sand bars sediment movement on the sand
bars together with the bedform migration plays
an important role in the sediment budget of the
coastal area (Caston, 1981).

The present study
mechanism and transport pattern of surface

investigates the

sediment on sand bar in relation to the sediment
characteristics and tidal current. One of the sand
=72

(Fig. 1). Data from grab samples at ten locations
and tidal current measurement at two stations
were analyzed (Fig. 2). Delineation of the sand
bank was done by using the nautical chart
(Hydrographic Office of Korea, 1989) together
with the visual observation during the low tide
when the surface of the sand bar was exposed.
Water samples at the surface and 1 m above the
bottom were also collected for the analysis of
suspended sediment content.

STUDY AREA AND SAND BAR

The study area is located at the mouth of the
Keum and Mangyung Rivers. Due to the high
tidal range reaching up to 6 m and the strong
tidal currents up to 2-3 knots (Hydrographic Of-
fice of Korea, 1990) numerous sand bodies
separated by major tidal channels develop,
which trend of east-west or northeast-
southwest (Fig. 1}. Tidal channels are mostly
10-15 km wide. Maximum depth of the four ma-
jor channels reached up to 26 m. The sediment
bodies separated by the channels are mostly
linear sand bars or banner sand bars (Jordan,
1962; Off, 1963; Caston, 1972; Belderson et al.,
1982). Abundant input of clastic sediments from
the Keum and Mangyung Rivers (Lee and
Chough, 1989) and strong tidal current make the
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Figure 1. Map showing

area a favorable region for the development of
sand bars. '

Sand bars or banks in the study area are
mostly linear except for the banner sand bars
which develop behind the islands (Fig. 1). The
sand bars are generally 4-15 km long and 1-4
km wide. The top of the sand bars are flat with

the study area

various forms of ripple marks. They are
submerged during the high tide and exposed
during the low tide. The long axes of the linear
sand bars in the study area are slightly oblique
with an angle of 0-20 degrees to the direction
of the strong tidal currents (Fig. 1).

The sand bar for the present study shows a
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nearly straight outline in the north whereas the
outline in the south is irregular showing a V-
shape in general. The surface of the sand bar
is also out by a shallow tidal channel (Fig. 2).
The long axis of the sand bar trends appro-
ximately 20 degrees clockwise to the major
direction of tidal currents. Slope of the flanks
on either side of the long axis is generally
steeper in the north side than in the south side.
Top of the sand bar is flat and ripple marks of
various size and shape occur on the surface. The

size of ripples are generally 5-10 ¢cm in wave-
length, 3-5 cm in wave height, and the crest
length is 10-20 cm. Several megaripples were
also found on the southern flank. The megarip-
ples were approximately 0.5 m high and 5-10 m
long with the crest lenghth of about 30-50 m.
The crest line of the megaripples was usually
perpendicular to the long axis of the sand bar.

Surface sediment of the sand bar is mostly
comprised of moderately to well sorted, fine to
very fine sand containing little silt or clay (Table
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Figure 2. Map showing the sand bar and the associated tidal channels, stations for the surface

sediment sample (S1-S10), current measurement during the average tide (C-1), and cur-

rent measurement and water samples during the spring tide (C-2, C-3).

Table 1. Grain size characteristics around the sand bar

St. Sand (%) Silt (%) Clay (%) Mean (phi) Sorting (phi)
S1 92.2 44 3.4 3.38 0.51
) 90.4 46 5.0 4.10 1.10
S4 96.5 2.1 1.4 2.96 0.56
S5 96.8 1.5 1.7 3.07 0.47
S6 3.3 42 25 3.00 0.70
s7 93.4 3.4 1.2 3.45 0.41
S8 96.1 2.0 1.9 3.14 0.46
S9 92.7 36 37 3.18 0.58
S10 55.7 316 12.7 4.64 1.98
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1). The surface sediment of the sand bar does
not show any distinctive trend except that the
sediment of the central part of the sand bar looks
slightly coarser than the other areas. Suspend-
ed sediment content in the water column was
highly variable with time and depth reaching
more than 200 mg/i during the maximum flood
current near the bottom. Generally the content
was higher in the south and near the bottom.
However most of the sediment filtered was finer
than 64 um.

TIDAL CURRENTS AND VELOCITY
ASYMMETRY

Tidal currents in the study area flow mostly
northeast-southwest with the maximum speed
of about 2 knots (Hydrographic Office of Korea,
1990). However, this general trend of tidal cur-
rents changes significantly according to the
regional geomorphology resulting in an asym-
metry in duration and speed between flood and

surface (C-1)
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Figure 3. Current speed and direction with time in the south (C-1) during the average tide.
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ebb currents (Huthnance, 1973; Howarth, 1982).

At a station near the southern flank of the
sand bar (Station C-1) current measurement was
done every half hour by using a direct reading
current meter for 13 hours when the tide of the
day was approximately a week after the spring
tide. The measurement was done by 1 m inter-
val form the surface to the bottom. About a
month later during a spring tide currents at the
northern side and the southern side (Stations C-2

and C-3) were measured at the same time by the
same method for the Station C-1 using two cur-
rent meters.

At the southern station (St. C-1) when the
tidal range was approximately average of spring
and neap tides, the tidal currents show a weak
flood-dominant asymmetry in magnitude. Maxi-
mum current speed at the surface was 74.0
cm/sec for the flood and 65.6 cm/sec for the ebb.
The durations for the flood and ebb were about

surface (C-2)
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Figure 4. Current speed and direction with time in the south (C-2) during the spring tide.
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the same. This weak flood dominance is also
shown throughout the depth. Velocity gradient
from the surface to the bottom is great when the
surface current is greater than approximately 1
knot (Fig. 3). However when the tidal currents
are strong during the spring tide the flood
dominance in magnitude is extremely enhanc-
ed at the southern station (St. C-2). At the sur-
face water, maximum flood speed was 117.0
cm/sec whereas the maximum ebb speed was
51.8 cm/sec which was even smaller than the

maximum ebb during the average tide. Dura-
tions for the flood and ebb do not show a signifi-
cant difference each other. Maximum velocity
gradient with depth is shown during the max-
imum flood, which suggests a stronger shear
stress at the bottom during the maximum flood
current (Fig. 4).

At the northern station (St. C-3), currents
measured at the same time with the southern
station (St. C-2) during the spring tide show a
strong ebb-dominant asymmetrical pattern in
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Figure 5. Current speed and direction with time in the north (C-3) during the spring tide.
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Table 2. Speed and direction of the residual current: cm/sec (degree)

St. Surface Mid-depth Bottom
c-1 2.79 (51) 2.35 (139) 0.12 (110)
c-2 8.53 (78) 21.08 (59) 17.91 (62)
C-3 6.00 (295) 13.08 (311) 10.65 (307)
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Figure 6. Bottom shear stress and skin friction in the south (C-1) during the average tide.
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magnitude. The maximum flood speed was 55.1
cm/sec while the maximum ebb speed was 106.1
cm/sec at the surface. However the difference
between maximum flood and ebb is smaller than
the difference at the southern station. Weak ebb
dominant duration asymmetry is also found.
Maximum vertical velocity gradient appears

during the maximum ebb current. Direction of
currents are slightly deviated toward SEE-
NWW from the general current direction of the
area and the direction during the flood is
somewhat variable compared to the consistent
strong ebb current (Fig. 5).

The asymmetrical pattern of the currents
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Figure 7. Bottom shear stress and skin friction in the south (C-3) during the spring tide.
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may result in a net residual current on either side
of the sand bar. Table 2 shows the residual cur-

averaging the velocity components. The

rents at each station calculated by time-

strongest residual current exists at the mid-
depth at all stations, and it is stronger near'the
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Figure 8. Bottom shear stress and skin friction in the north (C-3) during the spring tide.
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bottom than the surface. Overall residual cur-

rents are stronger at the south than that at the SEDIMENT MOVEMENT

north. The directions are NWW at the north and

NEE at the south during the spring tide reflec- When the acting shear stress on the grains
ting the tidal asymmetry at each station. near the bottom exceeds the critical shear stress

to initiate the motion, the sediments are trans-
ported by the currents. The near bottom shear
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Figure 9. Relative rate of sediment transport at each station.
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stress can be calculated by the quadratic stress
law (Sternberg, 1972; McCave, 1973; Ludwick,
1975; Komar, 1976). However, the shear stress
on a rippled surface may reflect the combined

~ effect of skin friction and form drag (Einstein
and Barbalossa, 1952; Vanoni and Hwang,
1967). Since the movement of surface sediment
is only affected by the skin friction, the effect
of form drag by the ripples should be removed
from the calculated shear stress (Vanoni and
Hwang, 1976).

Figures 6, 7, and 8 show the water depth and
the calculated bottom shear stress and skin fric-
tion. It is suggested that the form drag is much
larger than the skin friction. Figure 6 shows that
the skin friction during the average tide does not
show a significant asymmetry between flood and
ebb. However, asymmetry in the magnitude of
skin friction is most evident in the Figures 7 and
8. During the spring tide skin friction associated
with the flood current is stronger in the south
(Fig. 7), whereas the skin friction associated with
the ebb current is stronger in the north (Fig. 8).

While the skin friction exceeds the critical
shear stress the sediment is transported (Shields,
1936). The rate of bedload transport can be
calculated in terms of stream power using the
energetics bedload equation of Bagnold (1963).
Figure 9 shows the relative rate of sediment
transport per unit path width. It is clearly seen
that strong asymmetry in the rate of sediment
transport rate is directly associated with the tidal
asymmetry during the spring tide resulting in
a net sediment transport in one direction. How-
ever the asymmetry is much reduced during the
average tide.

RESULT AND DISCUSSIONS

In the study area, numerous sand bars
associated with the strong tidal currents
develop. Long axes of the sand bars are parallel
to subparallel to the direction of main tidal cur-
rents. Ripple marks and megaripples occur on
the flat top of the sand bars. The existence of
sand bars and the lack of sand or silt in the

suspended sediment suggest that the sandy bot-
tom sediment in the area is maostly transported
as bedload.

Tidal currents measured at a sand bar show
an asymmetrical pattern between flood and ebb
currents. The asymmetry is most evident for the
maximum speed during the spring tide, which
suggests that the tidal distortion due to the sand
bars is greater, as the current speed becomes
stronger. Abrupt decrease in vertical velocity
associated with strong bottom also stress
develops when the surface currents are strong.
The tidal asymmetry on either side of the sand
bar is different each other. At the south the tides
are flood-dominant whereas the tides are ebb-
dominant at the north. Moreover the degree of
asymmetry at the south is larger than that at the
north. The maximum flood current in the south
is stronger than the maximum ebb current in the
north, and the maximum ebb in the south is
weakther than the maximum flood in the north.
The difference in asymmetry pattern seems to
be the result of the development of tidal chan-
nels on either side. The channel in the south of
the sand bar is deep and connected directly to
the open sea whereas the channel in the north
is shallow and interrupted by the Kokunsan
islands. Thus the sand bar seems to be more af-
fected by the flood current than the ebb current,
even though ebb current is more affective in th
north and flood current is more affective in the
south. The rugged V-shape outline of the sand
bar in the south also seems to reflect the
stronger effect of flood current butting into the
sand bank or bar.

The magnitude asymmetry on either side of
the sand bar results in a net sediment transport
in one direction. The direction of net sand move-
ment by the tidal asymmetry may be onshore
in the south and offshore in the north. Thus a
net counterclockwise movement of sand around
the sand bar is expected. However, more sand
may be transported onshore due to the stronger
flood-dominance in the south than the ebb-
dominance in the north, which may result in a
net onshore migration of the sand bar.
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