The Journal of the Oceanological Society of Korea
Vol.27. No.2. pp. 145-153, June 1992

Textural Charactoristics and Transport Mode of Surface
Sediments of a Tidal Sand Ridge in Gyeonggi Bay, Korea

JIN-HYUK CHot! AND YONG AHN PARK’
'Agency for Defence Development, Chinhae 645-6(0. Korea
Department of Oceanography, Seoul National University., Seoul 151-742. Korea

A7l 254 A8 22 =HAHEY s 54 9 olF ¢F
2z - epger
FYgATe

gotta sFs

From the analyses of 16 bottom sediment samples and current data obtained during field experi
ments from August to September, 1987, the textural characteristics and transport mode of sand grains
of a tidal sand ridge in Gyeonggi Bay are studied. The textural characteristics of the bottom sediments
are diverse depending on their location on the tidal sand ridge. Sands on the crest are well sorted,
near symmetric in skewness, leptokurtic in kurtosis. and are unimodal in peakedness. On the other
hand, poorly sorted gravelly sands in the trough are coarse skewed in skewness and platykurtic
in kurtosis. The mean values of Uy (velocity at one meter above bottom) and U. (boundary shear
velocity) are calculated to be 414 cm/sec and 2.39 cm/sec, respectively. From the analyses of character-
istics of the sediments and currents in the swdy area, it can be concluded that almost all the
sands of the tidal sand ridge (esp. on the crest) are transported as bedload (mainly as saltation).
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INTRODUCTION

Gyeonggi Bay, extending from Yonpyong Do
in the north to Ul Do in the south, is one of
many coastal embayments developed in the wes-
tern coast of Korea. Its bottom topography is very
complex with numerous islands and ubiquitous
tidal sand ridges trending oblique (NE-SW direc-
tion) to the coastline (Fig. 1). The water depth
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of the Bay is about 0—40 m.

Kim et al. (1979) have studied the internal struc-
tures (cross-bedding) of the small sand bar located
in the north of Chawol Do by box coring method.
and reported the path of sand transport to be SW
direction. Chang et al. (1981) and Chang et al
(1982) studied the marine geological and seismic
characteristics of the bottom sediments in Gyeo-
nggi Bay. Kim et al (1988) and Kim et al. (1989)
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Fig. 1. Map showing the stations of surface sediment samples {small open circles) and current measurements (large

filled circle).

carried out the geophysical. marine geological, and
geochemical studies of the Bay, and concluded
that the textural properties of the bottom sedime-
nts in the Bay are closely related to the local hyd-
rological conditions as well as to the geology and

bottom morphology.

However, there were few studies for the estima-
tion of dominant sediment transport mode in Gyeong-
gi Bay. The modes of sediment transport arc
mainly related to the textural characteristics of sed
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iments and the local hydraulic conditions (Visher.
1969. Dyer. 1986: Kim et al., 1989).

The present study was carried out to estimate
the major sediment transport mode in Gyeonggi
Bay. especially on the tidal sand ridge. For that
purpose, bottom sediments were sampled and tidal
currents were measured on the tidal sand ridge.
located in the southern part of Soijak Do and
Tacijak Do (Fig. 1). The tidal sand ridge is located
between the East and the West Waterways. and
is approximateiy 15 km long and 2~4 km wide.
The average water depth on the crest of the ndge
is about 20 m. The tidal sand ridge is developed
in the NE-SW direction. and the northern part
of this ridge, in the vicinity of Taeijak Do. emer-
ges during low tide.

MATERIALS AND METHODS

Bortom Sediment Samples

To know the textural characteristics of the sur-
face sediments of the sand ridge. sixteen surface
sediment samples were collected using Van Veen
grab sampler on September 25, 1987. Fig. 1 shows
the stations of the surface sediment samples. Nau-
tical sextant and radar were used for fixing posi-
tion during the cruise for sampling.

Approximately 50 grams of each sample was
treated with 6% H,0, and 10% Hcl to remove or-
ganic matier and carbonates, respectively. The sam-
ples were then wet-sieved using a 4 ¢ sieve
(mesh size. 1/16 mm). The sand fractions were
dried in an oven for 24 hours and dry-sieved at
05 ¢ intervals following the procedures of Carver
(1971). Gravels were weighed at 1 ¢ intervals. Ana-
lvses of silt and clay fractions were made by pi-
pette technique following the procedure of Folk
(1968).

Current Measurements

From August 24 1o September 28, 1987, the tidal
current velocities were measured continously at
Siation Al by mooring RCM+4 type current me-
ters. Station Al is located on the crest of the selec-

ted tidal sand ridge in water depth of 190 m (Fig.
1). The mecasured current data were analysed by
a numerical low pass filter (Doodsen-Xo Filter)
to eliminate the short term components (anoma-
lies), and then used to draw the time variation
of tidal current

The dynamic viscosity u and fluid density p are
main variables to determine the shear force of
fluid exerted on the sediment grains at the bottom
(Middleton and Southard. 1984; Dyer, 1986). The
dynamic viscosity and fluid density are primarily
dependent on the temperature and salinity of the
fluid. So. to evaluate more accurately the p and
p. temperature and sality were simultaneously
measured by RCM-4 current meters with optional
conductivity sensors at Station Al

RESULTS AND DISCUSSIONS
Tidal Currents

The mean and maximum velocities of the tidal
current over the entire period at Station Al are
439 cm/sec and 92.5 cm/sec for flood. and 43.8
cm/sec and 953 cm/sec for ebb in near bottom
(1.5m above bottom), respectively. And the average
water temperature and salinity of seawater in near
bottom at Station Al are 21.6C and 292%., respec-
tively.

From the measured current data. the boundary
shear velocities (U.) and current velocities at one
meter above bottom (Ue). which are necessary
for the estimation of sediment movement. are cal-
culated. And the kinematic viscosity (v) and den-
sity {p) of sea water in near bottom are also esti-
mated from the measured temperature and sali-
nity. The detailed processes of current data analy-
sis were reported in the other papers (Choi. 1990
and 1991).

Fig. 2. shows the histograms and cumulative
curves of velocity distribution of Uyw and U, at sta
tion Al. The mean values of Uy and U. are
calculated to be 414 cm/sec and 2.39 cm/sec, res-
pectively (Fig. 2). And the v and p of sea water
in near bottom are estimated to be 1.01X107% cm”
Jsec and 1.02Xg/em?, respectively.
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Fig. 2. Histograms and cumulative curves of velocity distribution at station Al from 25 August to 27 September, 1987.
Uio and U, are calculated using logarithmic velocity profile equation {Choi. 1990 and 1991).

Table 1. Weight percentages of each granulometric size classes and textural parameters of surface sediments.

Station Lat Long. Weight% of Mean Median Sorting* Skew*  Kurt*  Textural
No. MN) (E) Gravel Sand Mud (d) () () classes”
1 37-05-30  126-15-00 342 658 0 -087 —080 071 —0.05 1.23 sG
2 370530 126-13-00 0 100.0 0 1.57 1.60 042 005 1.01 S
3 3705-30  126-11-00 48 950 0.2 0.86 1.05 0.80 —037 135 @S
4 370400 1260700 0 99 0.1 121 125 0.56 —0.16 124 S
5 370400 1260900 132 86.8 0 008 120 096 —0.15 1.12 gS
6 370400 1261100 391 609 0 —0.57 0.50 1.38 —007 082 sG
7 370400  126-13-00 152 84.8 0 0.35 045 1.21 —0.19 090 eS
8 37400 126-15-00 0 1000 0 123 125 042 002 1.19 S
9 3740230 126-15-00 194 80.6 0 063 140 1.65 —0.67 1.15 s
10 3702-30 126130 7.7 923 0 0.69 0.80 095 —-0.26 1.18 gS
11 3702-30 126-11-00 277 72.1 02 -0.14 0.00 1.37 -0.12 085 gS
12 3702-30 1260900 64 93.6 0 138 1.55 0.88 —0.55 2.12 &S
13 370100  126-09-00 98.8 12 0 —327 - 0.16 —-173 —04 G
14 370100 126-11-00 0 99.8 0.2 1.56 1.55 043 0.19 094 S
15 36-59-30  126-09-00 187 80.0 13 0.27 040 141 —020 1.00 2S

*Nomenclature suggested by Folk {1954)
“Calculated following the method of Folk and Ward (1957)

Textures of Surface Sediments following the method of Folk and Ward (1957).
Because of high contents of gravels, the range of
Table 1 shows grain size parameters determined mean grain size is relatively large from —327 ¢
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Fig. 3. Temnary diagram showing the relative amounts
of three components (gravel-sand-mud) of surface
sediments following the Folk's (1954) method.

to 1.57 ¢ (Table 1). The sorting value ranges from
0.16 ¢ (well sorted) to 1.65 ¢ (poorly sorted). The
sediment of sand (S) or gravel (G) group shows
a good sorting value, while the mixture (sG, gS,
etc.) shows a poor one (Tablel). The skewness is
generally coarse-skewed or nearly symmetric, indi-
cating a high energy environment in which most
of the fine-grained sediments have been winno-
wed. The kurtosis which is the quantitative mea-
sure used to describe the departure from normal
distribution is meso-kurtic or lepto-kurtic, indica-
ting that the modality of the sediment is good
and nearly unimodal (Table 1).

Based on the nomenclatures suggested by Folk
(1954), sediment types of the sand ridge can be
classified into 5 groups : gravel, sandy gravel, gra-
velly sand, slightly gravelly sand, and sand (Fig
3). The proportion of gravel content is in part a
function of the highest current velocity at the time
of deposition, together with the maximum grain
size of the sediment particle that is available (Folk.
1968). On the whole, sandy sediments are preva-
lent in shallow regions (crest of sand ridges), and
gravelly sediments in deeper regions (channels).

Textural characteristics of surface sediments are
diverse depending on the locations on the tidal
sand ridge. Fig. 4 shows the histograms of grain
size frequency distribution (in phi scale) of the
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Fig. 4. Histograms of grain size frequency distributions
of the surface sediments of station 2, 7, and 9
(for positions, refer Fig. 1). Textural characteristics
are diverse depending on the locations on tidal
sand rndge.

surface sediments of Stations 2, 7, and 9. Each
station is located on the eastern flank across the
sand ridge (Fig. 1). Station 2 is on the crest, and
Suation 9 is in the trough (Fig 1) Well sorted
sands on the crest (Station 2) are lepto-kurtic in
kurtosis and near symmetric in skewness, so that
almost all the sands are unimodal and can be
represented as a mean grain size of 1.57 ¢. The
median diameter (160 ¢) of sands at Station 2
is almost the same as the graphic mean grain size
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Fig. 5. Cumulative curves showing the grain size distri-

butions of gravel, gravelly sand. and sandy gravel
classes of surface sediments.
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Fig. 6. Cumulative curves of grain size distributions and

sub-populations of sand (with slightly gravelly

sand) class of surface sediments. Curves can be

segregated into three sub-populations (dotted line)

following the method of Visher (1969).

Table 2. Mean grain size. settling velocity, critical shear
velocity. and transport stage of each stations
of tidal sand rdge.

Staton Mean Grain Size Ws*  Uasc* Ua/Uac'

No. (@) (mm)
1 -087 183 13790 1199 02
2 157 034 474 140 17
3 086 055 1100 281 09
4 121 043 635 234 1.0
5 008 095 3387 500 05
6 —057 148 7812 398 03
7 035 078 2234 399 06
8 123 043 635 254 09
9 063 065 1501 327 0.7
10 069 062 1380 317 08
i -0.14  LIO 4332 615 04
12 138 038 “489 219 1.1
13 —327 965 167202 8632 00
14 156 034 474 140 17
15 027 083 2574 424 06

*Settling velocities (W) and critical shear velocities (U«.)
are calculated using the settling velocity curve and Modi-
fied Shields' diagram of Madsen and Grant (1974).
*Transport stage (Ux/Us.) is the ratio of the boundary
shear velocity (Ux) 1o the critical shear velocity (Us.).
The U. values of the other stations are assumed to be
same to that at station Al

(1.57 o) (Table 1). On the other hand, poorly sor-
ted gravelly sands are present in the trough (Sta-
tion 9). The gravelly sands are coarse-skewed in
skewness and platy-kurtic in kurtosis, so that all
the sediments cannot be represented as a single
mean grain size. The median diameter (140 ¢)
of sediments at Station 9 is very different from
the graphic mean (0.63 ¢).

Figs. 5 and 6 show the cumulative percentages
of the sediment grain size of each station, which
are plotted on log probability paper. The curves
are symbolized differently according to the textural
groups. The sand group and slightly gravelly sand
group are plotted together in one figure because
they show similar textural characteristics and cu-
mulative curve patterns (Fig. 6).

The settling velocities (W) and critical shear ve-
locities (U.,) are calculated using Modified Shie-
Ids' diagram and settling velocity curve of Madsen
and Grant (1976) (Table 2). Uy, is the velocity
needed for the initiation of sediment movement.
For those calculations. the mean grain size (D)
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and density (p,) of the grain, and the density (p)
and kinematic viscosity (v) of sea water are used.
The density of the grain is assumed to be that
of quartz grain (265 g/cm’). And the hydraulic
conditions (Uie, Us, Vv, p) of the other stations
(esp. on the crest) are assumed to be roughly the
same as those at Station Al

Transport Mode of Sand Grain

Once the grains are moved by the fluid, they
are transported in three different ways: by rolling,
saltation, and suspension. The distinction among
these three modes is not apparent. Bagnold (1973)
argued that the major distinction in the modes
of grain movement is in suspended and unsus-
pended transport, the latter comprising rolling,
saltation, and sliding (Dyer, 1986). Unsuspended
transport is the same concepts as bedload.

From his extensive textural studies of modern
and ancient sands, Visher (1969) proposed that the
analysis of log-probability grain size distribution
curves appears to be a fruitful method for studying
sedimentary dynamics. Analysis is based on recog-
nizing the sub-populations within individual log-
normal grain size distribution. Visher (1969) sug-
gested that each log-normal sub-population might
be related to a different mode of sediment trans-
port and deposition. Even though there are no
sharp distinctions between subpopulations, log-
probability grain size distribution curves of sedi-
ments on the tidal sand ridge in the present study
area can roughly be distinguished into three sub-
populations (Fig. 6). Cumulative curves of the pre-
sent study resemble roughly the examples of tidal
inlet or fore-set bed of modern delta suggested
by Visher (1969). It can be conjectured from Fig.
6 that the most of the sand grains are transported
as bedload either by traction or by saltation mode
of movement.

Sundborg (1967) presented the graph (Fig. 7)
which shows the relationship between the flow ve-
locity, grain size of sediment, and the state of sedi-
ment movement. The curves in Fig. 7 are the so-
called “competency curves”, relating the mean ve-
locity at one meter from the bed to the mean
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Fig. 7. The relationship between flow velocity, grain size
and state of sediment movement (After Sundborg,
1967). Ca and Cgsh are the suspended sediment
concentration at a reference height near the bed
and at the mid-depth of the flow, respectively.
The mean velocities at one meter above bottom
(Uiw) and mean grain diameter of each stations
are plotted.

grain diameter of sediment Although Fig. 7 were
made from the study in the flume and river flow,
it can be used to roughly delineate the mode of
sediment transport on sandy bottom consisting of
relatively small quantities of fine material (Stern-
berg, 1972). All the sediments in the present study
area are composed of sands or gravelly sands with
few fine sediments (mud) (Table 1).

The mean velocities at one meter above bottom
(Uiw) and mean grain diameter of each stations
are plotted in Fig. 7. The positions of the data
of the present study is above or near the curve
of critical erosion velocity (Fig. 7). Because of the
large grain size and the assumption that the Uiw
values at all stations are same, the stations in the
trough are mostly located below the critical ero-
sion velocity curve (Fig. 7). However, the Uie va-
lues at stations in the trough may be higher than
that at Station Al due to the channel effect of
the flow. If so, the data position below the curve
would be above the curve. Thus, the greater part
of sands of the tidal sand ridge (esp. on the crest)
can be considered to be moved as bedload.

It is commonly assumed that suspension occurs
when the upward components of the turbulent ve-
locity fluctuations exceed the fall velocity of the
grains (Bagnold, 1956). From the relations between
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pension as a function of transport stage (After
Dyer, 1986). The transport stage (U+/Us) is the
ratio of the boundary shear velocity (U.) to the
critical shear velocity (Us,).

the turbulent velocity fluctuations, root mean
square (rms) of the vertical velocity fluctuations,
and the shear velocity, he estimated that full sus-
pension occurs when

W,=125 U., )

where W,: settling velocity of the grain
U.,: boundary shear velocity for full sus-
pension

Table 2 shows the settling velocities (W,) which
vary remarkably according to the grain size. The
minimum W, and U,, are 474 cm/sec and 3.8
cm/sec, respectively. On the other hand, U, are
mainly from 140 cm/sec to 399 cm/sec (Table
2). Comparing the ranges of U, (Fig. 2) and U,
(Table 2), and the minimum valus of Uy, it can
be suggested that the most sand grains of the tidal
sand ridge are moved as bedload.

Fig. 8 shows the modes of grain movement ac-
cording to the transport stage (U./U..) (Francis,
1973). The transport stage is the ratio of the shear
velocity (Us) to the critical shear velocity (Us.).
Near the threshold (when U./U..=1), rolling is
dominant (Dyer, 1986). But, as the flow velocity
increases, the proportion of grains moved by rol-
ling decreases very rapidly, and saltation becomes
the dominant mode of grain movement. In the
saltation mode, grains are transported making a
“ballastic” trajectory which is continuously con-

cave downwards (Middleton and Southard, 1984).
The ballastic trajectories differ considerably accor-
ding to the shapes and densities of grains, and
the flow intensity (Francis, 1973). Francis (1973)
has shown from his experiments that saltation oc-
curs in transport stages (U./Us.) between 1.0~22
for angular grains, and 1.0~5.5 for rounded grains.
" From the mean boundary shear velocity (239
cmy/sec) and critical shear velocitics of the present
study, the transport stage (U,.//U,.) of each sta-
tions is calculated to be less than 1.70 (Table 2).
The U,/U.. values of the stations in trough are
near the threshold (Table 2). Thus, it can be sug-
gested from Fig. 8 that the most of the sands of
the tidal sand ridge (esp. on the crest) in the study
area are transported as bedload (saltation and rol-
ling).

According to the facts shown in the cumulative
curves (Fig. 6), competency curve (Fig. 7), and tra-
nsport stage curves (Fig. 8), it can be concluded
that almost all the sands of the tidal sand ridge
(esp. on the crest) are transported as bedload
(mainly as saltation mode).

CONCLUSIONS

The bottom sediments of the tidal sand ridge
of the study area are composed of five groups;
gravel, sandy gravel, gravelly sand. slightly gravelly
sand, and sand. The textural characteristics of the
bottom sediments are diverse depending on the
sample locations on tidal sand ridge. Well sorted
sands on the crest are lepto-kurtic in kurtosis and
near symmetric in skewness. On the other hand,
poorly sorted gravelly sands in the trough are coa-
rse skewed in skewness and platy-kurtic in kurto-
sis. The sands of Station 2 located on the crest
of tidal sand ridge are unimodal in peakedness,
and have mean grain size of 1.57 (0.334 mm).

The mean values of Uy (velocity at one meter
above bottom) and U, (boundary shear velocity)
on the crest are calculated to be 41.4 cm/sec and
2.39 cm/sec, respectively. And the kinematic visco-
sity (v) and density (p) of sea water in near bottom
are estimated to be 1.01X107% cm™%/sec and 1.02
g/em®, respectively.
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From the sediments and currents data of the
tidal sand ridge, the transport mode of sand are
estimated using the cumulative curves, competency
curve (Sundborg, 1967), and transport stage diag-
ram (Dyer,1986). From the above results, it can
be concluded that almost all the sand grains of
the tidal sand ridge (esp. on the crest) are trans-
ported as bedload (mainly as saltation).
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