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A Study on the Characteristics of the Circulation
and Diffusion in Suyeong Bay

Young-seup Kim+,
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Simultaneous investigations for drift bottle and dye diffusion experiment were carried out in

Suyeong bay.

Seawater in Suyeong bay flowed differently in the vicinity of Suyeong river estuary and Nam-

cheon Dong respectively. The speed of current did not exceed one knot in this bay.

The dye patch moved to Kwangan beach in the dye diffusion experiment.

Th e relationship between apparent diffusivity and diffusion time was appeared as Ka=0.0025t!-5.

The variance was calculated to be 2.9 power of the diffusion time.

And the exponent of apparent diffusivity versus the scale of diffusion time was appeared to be 1.3.

Introduction

For the most purposes, many investigators
have carried out the circulation experiments by
means of using current meter, drift current
drogs, drift bottles as well as dye materials. Of
course, the ‘main purposé of the dye diffusion
experments is to know the characteristics of the
pollutant diffusion, but it can be. also easily
obtained the direction or speed of seawater in a
certain area through such experiments. The dye
diffusion experiment, therefore, is an available
method in studying the circulation in a coastal
area.

Meanwhile, the processes of the oceanic diff-

usion are so quite complex that can hardly ex-

plain or interpret the entire pattern of diffusion.

Under the some ideal conditions, thus the
studies on diffusion were developed by Taylor
(1921), Frenkiel (1953), Townsend and Batch-
elor (1956) and many others.

But, laboratory or theoretical data appear to

be entirely nonexistant. In natural bodies of
water, thus using fluorescent tracer dyes, insta-
ntaneous concentration measurements in a diff-
using patch or plume are relatively easily car-
ried out.

It have been made through the in sitx experi-
ments to study diffusion in a certain area (In-
oue, 1950, 1951; Olson and Ichye, 1959, 1960;
Okubo, 1962, 1971).

In coastal area of Korea, dye diffusion and
circulation experiments were carried out by
Chang (1969, 1977), Han and Yoon (1970), Ro
(1980) Lee and Chung (1981), Han et af (1982)
and many others.

Suyeong bay in the vicinity of Busan harbor
or estuary of Suyeong river is connected with
two big beach resorts, and surrounded by resid-
ential district and many factories. This bay,
therefore, recieves much water and sewage,
and are considered as seriously contaminated
bay in Korea.

The purpose of this paper is to investigate the
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“{Pig:1.°Line o6f-“drift*bottle release and ‘bottom topography ‘in’Suyeong’bay.

“characteristics of ‘the ‘circulation’and ~diffusion
in Suyeong bay through the-drift bottles exper-
‘iment-on ‘June:26, 27, ‘October 17, 1976, -and
dye diffusion experiment on-seéptember 4, '1982.

"Material and Methods

A. Drift bottles experimerit

.These .experiments were. made along.the .rel-
-easing line as shown in Fig.1. at flood (1 time)
and ebb tide (3 times) rtespectively. = Ballasted
with 90g sand,  glass drift bottles of -:350cc in
volume were prepared to reduce the direct inf-
luence of wind. Drift bottles were tracked on
small boat. The positions of the drift bottles
and tracking boat were determined by using
sextant and magnetic compass.

" B. Dye diffusion experiment

‘Rhodamine ‘B-was ‘used ‘as'a dye in this ‘expe-

riment. ‘Mixed with “nethanol, Rhodamine in

‘solution was' preparéd to match ‘density with in

situsea water.

The dye solution 'was carefully released- at

‘the'surface of point-A (Fig.4.) by using the

instantaneous releasing method during the-ebb
-of -spring’ tide.

Dye patches were tracked‘on-small boat, and
‘dyed’ water was-sampled” with-the D. C. pump
(3v).

“Spatial -and- temporal sampling -intervals ‘and

"the numbers: of :sampling*intervals and the nu-

mbers of sampling point’ are-shown in Table 1.

Spectrofluorometer was ‘used to meaure the

-concentrotion of sampled water.

“Variance and apparent diffusivity of dye patc-
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Table 1. Dye diffusion experiment data in Suyeong bay.

Tide Release Diffusion Sampled interval(m) No. of Sampling stations
time time(min) X-axis Y-axis X-axis Y-axis
Ebb 10:35 30 10 10 10 5
60 30 10 13 6
90 50 15 11 6

hes was computed by using the standard stati-
stical method (Murthy, 1970) and Okubo’s em~
pirical formula (1971) respectively. And also we
calculated the scale of diffusion as 3o,..

Results and Discussions

A. Drift bottles experiment

A number of 630 bottles were released, and
mean recovery rate was about 20%.

Fig.2. and Fig.3. are drawn from the results

of the drift bottle experiment at the flood and
ebb tide respectively.

As shown in Fig.2., at flcod tide, water
coming to Suyeong bay from off sea flows to
western side of Dong bak island, and water
ceming from the northeastern side of Liki Dae

runs to the coast in front of Dong kuk steel
co..

Apparently flood current flows {ast (about 1
knot) at the southwest side of Dong bak island
compar to the speed of about 0.3 knot in the

vicinity of Liki Dae.
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Fig. 2. Drift bottle experiment data, flood curreat.
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Fig.3. Drift bottle experiment data, ebb current.

As shown in Fig.3., seawater coming from
Suyeong river estuaryand western side of Dong
bak island flows out sea through the center of
bay, and water runs northeastward and then tu-
rns smoothly to the right in front of Namcheon
Dong and Dong kuk steel co..Ebb current flows
fast (about 1 knot) in the vicinity of the center
of bay and Namcheon Dong, and slow (about
0.2 knot) in front of Kwangan Dong.

B. Dye diffusion experiment

Diffusion experiment was carried out at the
ebb of spring tide on September 4, 1982.

During the investigation, ebb current flowed
southeastward with speed of about 0.8 knot, and
the sea state was very rough with strong wind
(direction: NW, speed: 7-8m/sec) and high
wave (about 1.5m) with white caps. '

The dye patch moves westward to Kwangan
beach as shown in Fig.4. Although the strong

1 1
129°06" og
Fig.4. Dye discharge point and patch diagram
of ebb flow.
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Table 2. Results of the dye diffusion experiment in Suyeong bay.

Release Diffusion Variance(m?) Ka L
time time(min) o ay orc? (em?/sec) (cm)
10:35 30 17 9 306 425 5248
60 84 15 2520 1750 15060
90 120 35 8400 3889 27495

wind was blowing southwestward, it suggests
which

in vici-

that the sericusly contaminated water
comes from Suyeong river can pollute
nity of Kwangan beach.

Table 2.

iment in Suyeong bay.

shows the results of diffusion exper-

The relationship between apparent diffusivity
and diffusion time are computed as Ka=0.0025t!-°
from the Table 2.

Apparent diffusivity at diffusion time 60 mi-
nutes is about 2.5X103%cm?2/sec.

This value is smaller than the result of 7-8X
103cm?/sec at Kori(Ro, 1980),
that of 1.2X10%m?/sec in Jinhae bay (Han et
al, 1982).

If we consider that the sea state was relativ-

and larger than

ely rough during the experiment, we appreciate
that diffusing power is very weak in this bay.

By plotting the value of the variance, o,
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Fig.5. Variance versus diffusion time.

against diffusion time, t, Fig.5. is drawn. The
variance of the dye patch is computed to be 2.9

power of the diffusion time.
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Fig.6. Apparent diffusivity versus scale of
diffusion.

Okubo (1971) described that the variance inc-
rease with time at a power between 2 and 3 in
natural bodies of water. The exponent of 2.9
in this experiment shows the intermediate values
between 2 and 3.

Fig. 6.

apparent diffusivity, Ka, and a

shows the relationship between the
scale of diffu-
sion, 1.

Many investigators have proposed the 4/3 law
of oceanic diffusion (Stommel, 1964; Ichiye and
Olson, 1960).

Recently the 4/3 power law of oceanic diffus-

ion is considered as a standard assessment bar-
ometer.

The exponent of 1.3 given in Fig.6. satisfies
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the 4/3 power law.

Conclusion

Simultaneous investigations for drift bottles
and dye diffusion experiment were carried out
in Suyeong bay.

At the flood tide, water coming to Suyeong
bay from off sea flows to western side of Dong
bak island, and water coming from the north-
east of Liki Dae streams to thea coast in front of
Dong kuk steel co..

At the ebb tide, seawater coming from Suye-
ong river estuary and western side of Dong bak
island flows out off sea through the center of
bay, and water runs northeastward and turns
to the right in front of Namcheon Dong and
Dong kuk steel co..

The speed of current in this bay dosen’t exc-
eed one knot. The dye patch moves to Kwan-
gan beach in the dye experiment.

The relationship between apparent diffusivity
and diffusion time is appeared to be Ka=
0.0025¢t9,

The exponent of variance versus diffusion
time and apparent diffusivity against the scale
of diffusion are appeared as 2.9 and 1.3 respec-
tively.
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EHiE 2 RRWBOR®RS sl KEBY BAMBE WA ARt

WE ¥k LA BEEMAA BH AR Tobd A4 BEes 223, ofrlw JLHE ML
e KEHFALE FTotr WM dF oz Fgch. ofaf M-S LHAZAA & 1xE HiEd
ol 7ldl Mgl A # 0.3k &gk

M ¥k KB WA £04 BHEEo2Yy Mo hARhrE Ax Bz e vota fEiE
I HRME dEAAE BH RS Sold KB MAAdA T vdee fke At Eulgoz
Eeivzich. HELE 8o dks) FEiiEYEes & 1xE AXE 9En BRBABRBIAA H 0.2
E BER 3.

Huktel WEIRS BRREEABEEZCE BHistdos 04#4 87 AR 3.9X10° cm?/sec B
b, o|ZtL ¥ 1.2X10% cm?/sec ¥rli= & ZrolR|mk melsl g ] 7-8X10° cm?¥/secel] st 1/244
35t}

BRI HY SEERE 2.9, EEHC HYT A2 HEAEE 1.302 Je



