Bull. Res. Inst. Mar. Sci. & Tech,
Korea Maritime University,
Vol. 1. No. 1, p. 111-118,

Bull. Korean Fish. Soc. 24(1), 31~38, 1991

HokEE, 24(1), 31~—38, 1991

Suspended Sediment Budget in Gwangyang Bay
through the Yeosu Sound

Dae-Choul Kim
Department of Applied Geology, National Fisheries University of Pusan
Pusan 608757, Korea
Hyo-Jin KANG
Department of Ocean Engineering, Kovea Maritime University
Pusan 607-791, Korea

A% AT FH FY

Aoy -

2ET

R L P S L A P L B

Suspended sediment budget in Gwangyang Bay was investigated using the data of sus-

pended sediment concentration and vertical distribution of tidal currents at the mouth of

the bay in the Yeosu Sound (Yeosu Haeman). At the mouth of the bay suspended sedi-

ment concentration shows much higher value of approximately 17.80mg/ on the average

near the bottom than the concentration near the surface where the average is 4.75mg/l.

Tidal currents also show an asymmetry in magnitude between flood and ebb. Near the

surface ebb is stronger than flood, while flood is stronger than ebb near the bottom. Due

to the higher concentration and stronger flood current near the bottom, transport of sus-

pended sediment near the bottom plays a major role to the sediment budget in the bay,

and the bay is in net-depositional environment. The western part of the bay seems to gain

the suspended sediment of approximately 5.66 X 10°%/day, which corresponds to a sedimen-

tation rate of about 1.15m./1,000years.
Introduction

Gwangyang Bay, of which the area is approxima-
tely 230km®, is one of the post-glacially submerged
embayments along the southern coast of Korea
(Fig. 1). The bay is bounded by relatively steep
mountains and hills to the north and by Yeosu Pe-
ninsula and Nambhae Island to the southwest and
southeast, respectively. Seomjin River discharges
fresh water of approximately 23 fomns/sec on the
average into the bay from the north. Fresh water
input by the several small streams in the north
seems to be minimal (Park et al, 1984). To the

south the bay is connected to the open sea by the
Yeosu Sound (Yeosu Haeman) between Yeosu Pe-
ninsula and Namhae Island, whereas the Noryang
Strait in the northeast connects the bay to the open
sea via Jinju Bay.

Shape of the bay is elongate in east-west direc-
tion. Water depth in the bay is shallow (generally
less than 5m) except for the tidal channels. Two
major channels develop; one between the Yeosu
Sound and the Noryang Strait, the other at the no-
rth of Myodo Island. The channels are deep rea-
ching up to more than 20m in the bay. Water depth
at the mouth of Gwangyang Bay reaches up to 40m
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(Hydrographic Office of Korea, 1986). A small cha-
nnel which is approximately 10m deep also extends
to the Yeosu Sound at the south of Myodo Island
(Fig. 1).
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Fig. 1.

Map showing Gwangyang Bay and the Yeosu
Sound (Yeosu Haeman).

Tides in the bay are principally semi-diurnal, re-
versing type with a small diurnal inequality. Mean
tidal range measured at the nearby Yeosu Harbor
is about 2m (Kang and Chough, 1982). Strong tidal
currents reaching up to 2.5 knots (National Hydro-
graphic Office of Korea, 1989) flow through the
channels. However the currents flowing through
the channels at the north and south of the Myodo
Island generally become weaker as they flow fur-
ther to the west of the bay (Park et al, 1984).

Bottom sediments are characterized by different
depositional environments in the bay (Pohang Iron
& Steel Co., Ltd., 1983; Park et al., 1984). Big del-
taic sediment mostly comprised of poorly sorted
sands occurs at the mouth of the Seomjin River.
On the bottom of the channels sediments are gene-
rally coarse with little clay content. Gravels also
occur occaionally on the bottom of channels. Poorly

sorted muds comprise the bottom sediment in the
western part of the bay, where the tidal currents
are substantially weakened. Park et al., (1984) sug-
gested that a considerable amount of fine sedime-
nts in the bay might have been transported from
the open sea by the tidal currents. Contribution of
fine sediments into the bay by the Seomjin River
was too small to account for the thick accumulation
of fine sediments in the western part of the bay
(Park et al, 1984).

The present study investigates the role of tidal
currents through the Yeosu Sound for the deposi-
tion of fine sediments in the western part of the
bay. In the Yeosu Sound eighteen bottom sediment
samples were analyzed (Fig. 2), and the concentra-
tion of suspended sediments were measured bimo-
nthly (April, June and July in 1989). Drogues were
traced during a spring tide period, and the tidal
current data measured at two stations by the Po-
hang Iron & Steel Co., Ltd. (1983) were also anal-
yzed (Fig, 2).
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Fig. 2. Map showing the sampling stations. Numbered
stations are for the suspended and bottom se-
diments. Stations A and D are for the current
measurements by Pohang lfron & Steel Co.,
Ltd. (1983)
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Physiography and Bottom Sediments
in the Yeosu Sound

The main tidal channel develops in north-south
direction along the eastern side of the Yeosu
Sound (Fig. 3). Western part of the sound is gene-
rally shallower than 20m, but the main channel on
the eastern side is deeper than 20m. The tidal cha-
nnel extends to the north and the depth at the
mouth of Gwangyang Bay becomes deeper than 30
m. Bottom of the sound is flat and featureless ex-
cept for the deep channel where several local deep
scours of the bottom occur.

Mean grain size of bottom sediment in the Yeosu
Sound is mostly silt-sized except for a local occur-
rence of fine sand near Namhae Island (Fig. 4).
However, sediments are very poorly sorted. Figu-
res 5 and 6 show that the bottom sediment con-
tains a considerable amount of sand and clay. Fi-
gure 6 also suggests that the tidal currents in the
Yeosu Sound are not strong enough to winnow out
the fine clays from the hottom. Even in the deep
channel 30~40 percent of the sediment consists of
clay, which suggests that the near-bottom current

Suspended Sediments
Concentration of suspended sediment in the wa-

ter column is variable with time and location. In
April, the concentration in the surface layer shows
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in the channel may be weaker due to the deeper Fig. 4. Mean grain size of the bottom sediment in the
water depth than the other area. Yeosu Sound. Contours are in phi (¢) scale.
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Fig. 3. Map showing the bathymetry of the Yeosu
Sound.
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Fig. 5. Sand content of the bottom sediment in the
Yeosu Sound.
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higher values than the other months and it also
shows the most extreme local variation ranging
from 6.4mg/l to 22.5mg/l with an average value of
11.2mg/A. In June and August the concentrations
and their variations are much smaller. Average
concentrations are 3.9mg/! and 4.4mg/l in June and
August, respectively (Fig. 7).

Concentration in the near-bottom water looks
more variable than that in the surface water (Fig.
8). In April it ranges from 10.6mg/ to 49.1mg/.
Concentrations in June and August also show a
considerable variation. In June it ranges from 3.2
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Fig. 6. Clay content of the bottom sediment in the
Yeosu Sound.
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Fig. 7. Concentration of suspended sediment near the
surface.

mg/l to 40.1mg/l and the range in August is from
1.8mg/l to 20.8mg/l. Average concentrations are 23.
Tmg/l, 13.1mg/1, 8.2mg/l for April, June and August,
respecttvely.

In general concentrations near the bottom 1s
much higher than the near-surface concentrations
not only in the average concentrations of each
month but also in the local concentrations at each
location (Fig. 7 and 8). It implies that the fine se-
diments are mostly entrained and transported in a
two-layered mode as suggested by Odd and Owen
(1972) and Owen (1977). Further the fine sedi-
ments transported near the bottom can easily settle
down on the bottom when the tidal currents are
weak during slack waters.
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Fig. 8. Concentration of suspended sediment near the
bottom.

Tidal Currents and Velocity Asymmetry

Tidal currents in the sound and along the tidal
channels seem to be ebb-dominant in magnitude
(Hydrographic Office of Korea, 1989). This ebb-do-
minant tidal asymmetry is also confirmed by the
drogue tracking near the surface (Figs. 9 and 10).
Ebb dominance of tidal currents in this area may
easily be expected if the steady input of fresh wa-
ter by the Seomjin River is considered. However,
the vertical distribution of tidal currents measured
at two stations in the Yeosu Sound shows a diffe-
rent pattern of asymmetry.

At the station A (Fig. 2) the maximum speed of
currents near the surface are higher during the
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ebb. However, the trend is reversed below the de-
pth of about 15m regardless of spring or neap tide
(Fig. 11). During the spring tide the maximum ti-
dal current decreases with depth; from 8Qcm/sec at
5m to 66cm/sec at 30m for the maximum flood, and
from 8lem/sec at 5Sm to 59cm/sec at 30m for the
maximum ebb. During the neap the currents are
weaker, but the trend of ebb-dominance near the
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Fig. 9. Drogue tracking near the surface during the
ebb of a spring tide.
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Fig. 10. Drogue tracking near the surface during the
flood of a spring tide.

surface and flood-dominance near the bottom is si-
milar to that during the spring. The maximum cur-
rents of neap tide show peak values at 15~20m
depth and decreases towards both surface and bot-
tom (Fig. 11).
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Fig. 11. Vertical distribution of maximum currents at
the station A(Drawn by using the data of Po-
hang lron & Steel Co., Ltd., 1983).
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Fig. 12. Vertical distribution of mean tidal currents at

the station A(Same data source as in Fig.
11).
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Mean currents at the station A during spring
tide show an overall flood-dominance through de-
pth. The flood current has speeds of 61.7cm/sec at
5m and 55.8cm/sec at 30m depth, while the ebb cu-

" rrent decreases from 54.0cm/sec to 41.1cm/sec. Du-
ring the neap tide ebb current is stronger only
near the surface whereas the flood current is stro-
nger below about 10m depth. Flood current increa-
sed with depth from 6.4cm/sec near the surface to
16.8cm/sec near the bottom (Fig. 12).

At the station D which is located at the center
of the bay mouth (Fig. 2), the general trend of
ebb-dominance near the surface and flood-domina-
nce near the bottom is also observed regardless of
spring or neap (Fig. 13). During the spring tide
the maximum flood current decreased from 84cm/
sec at 5m to 69cm/sec at 20m depth. On the other
hand, the maximum ebb does not seem to vary si-
gnificantly with depth from the average speed of
about 77cm/sec. During the neap tide the maximum
flood current also does not show a significant cha-
nge with depth, it is in the range of 38~39cm/sec.
The maximum ebb current decreases with depth
from 46cm/sec near the surface to 33cm/sec at the
depth of 20m (Fig. 13).
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Fig. 13. Vertical distribution of maximum currents at
the station D(Same data source as in Fig.
11).

Mean currents at the station D during spring
tide also show that the flood current is slightly st-
ronger than the ebb through depth. The mean
flood current decreases from 56.3cm/sec near the
surface to 49.5¢m/sec at 20m, while the mean ebb
current changes from 56.7cm/sec near the surface
to 47.2cm/sec at 20m. During the neap tide the
mean ebb current is stronger near the surface
where the speeds are 19.3cm/sec and 24.8cm/sec for
the flood and the ebb, respectively. On the other
hand, the mean flood current is strorger at 20m
where the flood speed is 21.2cm/sec and the ebb
speed is 19.2cm/sec (Fig. 14).
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Fig. 14. Vertical distribution of mean tidal currents at
the station D(Same data source as in Fig.
11).

Tidal Asymmetry and Sediment Budget

The tidal asymmetry of ebb-dominance near the
surface and the flood-dominance near the hottom
may cause a difference in the amount of suspended
sediments transported during flood and ebb pe-
riods. The higher concentration of suspended sedi-
ments in the near-bottom water and the pattern of
tidal asymmetry in the Yeosu Sound imply that the
amount of suspended sediments transported into
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the. Gwangyang Bay exceeds that transported out
of the bay.

Tidal currents and concentration of suspended
sediments at the mouth of Gwangyang Bay can be
directly applied to the calculation of sediment bud-
get in Gwangyang Bay. Using the average of mean
currents during spring and neap at the station D
together with the average of suspended sediment
concentrations at the stations 1, 15 and 16, an app-
roximate evaluation of suspended sediment budget
in Gwangyang Bay may be possible.

Several assumptions are made for the calcula-
tion; 1) average water depth of the bay mouth (St.
D) is 30m (Fig. 1), 2) the flow is two-layered of
which boundary is at 10m below the surface, and
the current velocities at the depth of 5m and 20m
represent the depth-average of upper and lower la-
yers, respectively, 3) durations for the flood and
ebb are 6 hours each, and 4) considering the water
mass passing through the Noryang Starit to Jinju
Bay and the area of the western part of Gwangy-
ang Bay, only half the water mass passing through
the mouth contributes to the suspended sediment
transport to the western part of Gwangyang Bay.
Other parameters used for the calculation and the
results are listed in the Table 1 and Table 2, res-
pectively.

Table 2 shows that the transport of suspended
sediments near the surface plays a minor role co-
mpared to the transport near the bottom. Thus
most of suspended sediment transport occurs in

Table 1. Parameters used for the calculation of sedi-
ment budget in Gwangyang Bay.
Depth(m)  Concentration Mean Flood ~ Mean Ebb
Layer i .
’ (Thickness) {mg/) (ompsec) — lomssec)
Layer 1 10 475 3780 4075
Layer 2 20 1780 35.35 3250

the lower layer of the water column. Furthermore,
the calculation shows that Gwangyang Bay is gai-
ning suspended sediment due to the stronger flood
and higher concentration near the bottom. Consi-
dering that the width of the mouth is approxima-
tely 3km (Fig. 1) together with the assumptions 3)
and 4) above, western part of the bay gains suspe-
nded sediments of about 5.66 X 10°%g/day. If the sus-
pended sediment concentration in the bay has rea-
ched a steady state, excessive input of the suspen-
ded sediment may be deposited on the bottom.
Agency for Defence Development (ADD, 1988) re-
ports that the bulk density of the core samples up
to 2m from the bottom taken offshore Namhae Is-
land ranges between L5g/em® and 1.8g/cm®. Taking
the 1.8g/em” to be the average bulk density of the
sediments in the bay, the above excessive input
rate corresponds to a sedimentation rate of appro-
ximately 1.15m/1,000vears assuming the area of the
western part of the bay is approximately 100km?

The above calculation may not be an exact eva-
luation. The rate does not include the input from
the river or streams, and the rate may show a sea-
sonal variation. However, the role of tidal currents
in making the bay a net-depositional environment
is clearly depicted.

Conclusion

Suspended sediment concentration near the bot-
tom is much higher than that of near the surface
in the Yeosu Sound. Tidal currents through the
Yeosu Sound show an asymmetry in magnitude be-
tween flood and ebb, and the pattern of asymmetry
at the sarface is different from that at the bottom.
The ebb currents are stronger near the surface but
the flood currents are stronger near the bed. This
flood-dominance coupled with the higher concent-

Table 2. Suspended sediment budget in the western part of Gwangyang Bay.

Transport(mg/cm/sec)

Layer .
Flood Ebb
Layer 1 17955 19356
Layer 2 1,258.46 1,157.00
" Total 143801 135056

Balance Average Western Bay
(mg/em/sec) {mg/cm/sec) (g/day)
40 -7.01 91X107
101.46 50.73 6.57 X 10%
8745 4372 5.66% 10°
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ration of suspended sediments near the bottom
makes the western part of Gwangyang Bay a net-
depositional environment of fine-grained sediment.
Due to the net gaining of suspended sediments,
" the ‘western part of the bay receives the fine sedi-
ments of 5.66X10°%/day, which corresponds to a
sedimentation rate of approximately 1.15m/1,000
years by the tidal currents through the Yeosu
Sound.
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