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Dye Diffusion Experiments in the Waters off Ko-Ri
by

Jee-Won Cuane and Doo-Ok Son

(Pusan Fisheries College)

With particular interest dye diffusion experiments were conducted in the waters of f
Ko-Ri, the future site of an atomic power plant, in making a geaeral oceanographical
survey. For the first series of dye diffusion experiments were made between May 21—
June 6, 1970 and the 2nd series made between Cctober 1117, 1970.

Bathymetric measurements were macde by means of a recording type echo-sounder,
Model FG-200, and tidal curreats were ohserved by means of a direct reading type
electrical current-meter Model CM-2. Because current and turbulence are the main fac-
tors in diffusion of dye substance at sea, trackings of drift bottles were made in order
to estimate the profiles of flow these particular waters characterizing the bottom topog-
raphy.

In the dye diffusion experiments each 200 liters of Rhodamine B solution was released
instantneously at fixed points in both flood and ebb currents. The size of the dye patches
was casured by a stretched meter-scaled line in the direction of current and across it.

In calculation of diffusion coefficients it was assumed after JAERI 5002(1960) that,

(a) the visible range of dye patch contained 90 percent of the total dye substance
quantity,

(b) the concentration was integrated along the depth and distributed over the two
dimensional surface,

(c) the concentration-distribution function C(x,»,¢) was given by
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where Q was the released total quantity of dye substance, K,= »}ﬂjt k.dt, Ky=~~%~——-><

t

j k,dt respectively, (x,,5,) the center of dye patch, and t the time duration after release.
0
According to the above assumption x and y components of the total quantity of dye subst-
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where X,, and Y, were the maximum ranges of the dye patches in the x and y
direction.

The results of the calculated mean diffusion coefficient at the time 50minutes after re-
lease under the above assumption were as following.

K. 38.16x10*~55. 62X 10? cem*/sec

K,: 2.15x10°~8.36 X 10° cm*/sec
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Table 1. Position of stations in Ko-Ri waters survey

Position Station
sign and Remarks

Latitude Longitude number
35°18/58*N 129°17/42"E A R.B 1% 200¢, 1619h 11/10/70
35°18’58"N 129°17/42"E A R.B 12 2004, 0830h 17/10/70
35°18/58”N 129°17/42"E A R.B1% 2004, 1100h 17/10/70
35°18’41”N 129°17/517E B R.B 1% 2004, 1503h 11/10/70
35°18740”N 129°17/50"E C R.B 1% 200¢, 1010h 11/10/70
35°18/52”N 129°18/10”E D R.B0.52 2004, 1627h 17/10/70
35°18/50”N 129°18/06”E E R.B 0.5% 2004, 1237h 17/10/70
35,18/ 33"N 129°17’ 48"E F Tidal observation
35°19/18”N 129°16/ 16”E 1 Sounding
35°17/03”N 129° 16’ 43"E 2 ”
35°177 03N 129°17/12"E 3 ”



35°18’48"N
35°18/50"N
35°17/07"N
35°17702"N
35°18/ 45" N
35°18/55"N
35°1834"N
35°18/ 40" N
35°18757"N

129°16/54"E

129°19/00"E

129° 197 26”E

129°18/03"E

129°17/40"E

129°17/38"E

129°16’ 027E

129°18/20"E

129°17/207E

o

10
11
12

Sounding

”

Table 2. Tidal observation at- St. F in Ko-Ri waters (on Oct. 11~12)

3m lix.\'(:l‘ | 10m 1'4_'»'61’
Uirection Current North  kast Direction Current North East
(er:’s) component compoient (g ) (ex.'s) component component

Oct. 11 1800 } 320 15 11 —9 | 330 10 9 —1
1300 ‘ 346 5 4 —1 0 0 0 0
2000 120 10 5 8 45 20 14 14
2100 90 60 0 0 80 45 7 44
2200 60 70 35 60 50 60 38 45
2300 45 35 24 24 60 30 15 25
12 0000 0 0 0 0 0 0 0 0
0100 0 0 0 0 0 0 0 0
0200 250 25 -—8 —23 250 10 —3 —9
0300 270 25 0 0 280 20 —3 —19
0400 240 40 —20 —34 240 40 —20 —34
0500 240 15 —17 —12 240 20 —10 —17
0600 0 0 0 0 0 0 0 0
0700 110 15 —5 14 115 10 —4 9
0800 81 30 18 28 81 45 7 44
0900 70 25 6 22 50 20 12 15
1000 50 15 9 11 70 10 3 9
1100 0 0 0 0 0 0 0 9
1200 260 30 —5 —29 260 30 —5 —2
1300 250 50 —17 —A47 250 45 —15 —42
1400 250 64 —21 —60 240 50 —25 —43
1500 250 60 —20 —56 268 50 —1 —49
1600 250 35 —11 —32 260 35 —b6 —34
1700 240 15 —7 —12 253 15 —4 —14
1800 0 0 0 0 0 0 0 0
1900 0 0 0 0 0 0 0 0
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kig. 1. Diffusion of dye patches and its movements in Ko-Ri waters.
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Fig. 2. Bottom topography of Ko-Ri waters.
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Fig. 3. Vectical sections of bottom in Ko-Ri waters.
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Fig. 4. Variation of tidal currents versus time at various depth
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Fig. 5. Drift bottle tracks in Ko-Ri waters (at time 2 hours after high water and low waters)
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Table 3-1. Dye diffusion experiment on Station C (at 1010h. Oct. 11)

Obsd. time r’eliglcq :Afjgfr 7 MEXiTUT §v1dthof I,)atc,h 1 Mean diffusion coefficients
¢ GO Xmen) Ym(ew) | Kx (ob/se)  Ky(od/seo)

Oct. 11, 1020 h 6.0%122 | — 28% 10 — 12. 14 102
23 | 7.8%10? 4210 S 21. 02 10° —
25 | 9. 0% 102 50 % 102 _ 25. 80 10 _—

26 9.6 x10¢ _ 46 % 102 — 20. 48 x 10?

30 12. 0% 10 64 % 102 48x 102 31.72 %102 17.40% 102
35 15.0 % 102 74 % 107 —_— 33.92x 102 —_—

36 15. 6 x 102 _ 50 x 102 —_ 14. 88 x 102
43 19. 8 x 102 95 % 102 — 42. 36 % 107 —

55 27.0% 102 112 x 10 52 % 102 43.18 x 10 9,30 x 102

1104 32.4%102 130 x 102 54 % 102 48. 48107 8.36x 102

07 34. 25102 _ 58 % 10? _ 9. 14 x 102

Table 3-2, Dye diffusion experiment on Station B (at 1503h. Oct.1D)

Obsd. time rgié?si (asfgg - M_ay]mumﬁ Wldth_(if patc‘hw B Mean diffusion coefficients
' Xm{em) Ym(em) Kx (elt/sec) Ky (et /sec)
Oct. 11, 1515 h 7.2x10% 46 % 102 28 x 102 22.14 x 10 10.12 x 102
21 10. 8 x 102 — 40 x 10?2 —_— 13.76 x 10*
25 13.2x 102 58 x 102 —_— 23.68 x10% —_—
30 16. 2 x 10% 68 x 102 —_— 26.52x10% —
33 18.0x10* R 58 x 102 —— 17. 36 x 10?
35 19. 2 x 10 86 x 102 — 35. 80 x 102 —
40 22.2x10* -— 61x 102 —_ 15. 40 x 102




Table 3-3. Dye diffusion experiment on Station A (at 161%h. Oct. 11)

Time after

Maximum width of patch |

Obsd. time release (sec) RPN )
Xm(em) Ym{en) \
Oct. 11, 1635 h 9.6x10% —_— 32x10*
37 10. 8 x 10* 58 x 10% _—
40 12.9x10* _— 48X 10%
42 14.1x 102 68 x 102 e —
45 15. 6 x 10 —_— 26 x 102
50 18.6x 102 70 % 102 —_
57 22.8x 102 —_—- 40x 102
1705 27.6x10? 100 x 102 —_—
15 33.6x 10 —_— 28102
17 34.8x10? 120 x 102 —_—
27 40,.8x 102 126 % 102 _—
37 46. 8 x 10* —_ 32x 102
47 52,8 x10? 146 % 102 34 x 102

Mean diffusion coefficients

K\ (el / sec) » Ky (e /sec)
—_ 9.90x 104

23.26 x 10 —
e 16. 60 x 102

30. 48 x 10# —_—
—_ 4.02x10%

24.48x 10 _—
_— 6.52x10%

33. 66 x 102 —_
— 2.16x 107

38.16x 102 —_—

36.16 x 10 —_—
e 2.02x10%
37.52x10? 2.02x102

Table 3-4. Dye diffusion experiment on Station A (at 0830h. Oct.

17

Obsd. time

Time after
release (sec)

!

Maximum width of patch |

Mean diffusion coefficients

Oct. 17, 0840 h
43

53 i
0900
01
03
07
15
17
19
30
39

6.0x 10%

7.8 102

7.8x10%

0.2x10?
12.0x10*
13.8x 107
18.0x 10*
18.1x10*
19.8x10*
22.2%10*
27.0 x 10!
28.2x10*
29. 4% 10"
36.0x10*
41, 4 x 10*

Kx (ot/sec) Ky (eit/sec)

Xm (em) Ym{(em) i
19x 102 20 % 102
_— 22 x 102
26 x 10* _
28 x 10% _
—_ 31 %102
37x10* 33x10*
43 % 10* —_
— 36 < 102
46 x 10? R
62 x 10* 40 x 10*
72 x 10* —_—
— 42 x 10
86 x 10* _—
102 % 102 46 > 10
114 x 10% —_

5.58x 10% 6.18 % 102
e 5.76x102
8.02x10? —_—
7.14 x10? R
—_— 7.44x 102
9.21x10? 7.32x10?
9.54x10% _
—_— 6. 58 x 102
9.92x10* _
16.04x 10 6.68 % 10*
17. 84 % 10* _
—_— 5. 80 x 102
23.38x 102 _
26. 86 x 10* 4.54x10?
29.16x10% _




Table 3-5. Dye diffusion experiment on Station A (at 1100h. Oct.17)

Obsd. time Time after - I}?ﬁf}mr‘17‘\'ld[h of patchﬂ_ Mean dxffu513?:oefflclent:
release (sec) kacm) Ym(em) Kx (o /sec) Ky (cmi/bec)
QOct. 17, 1110h 6.0x10% | 18 x 182 —_ 5.00 % 102 —
12 7.2x10% ; e 24 x 10? _— 7.41x 102
13 7.8x10% 30 x 102 —_ 10. 68 x 102 —_—
18 10.8x 10 ‘ e 28 % 102 —_ 6. 74 x 102
19 11. 42102 | 46 < 10* —_ 17. 24 x 10% _
23 13. 8 x 102 55« 10? —_ 20. 36 x 102 —
25 15.0x10% —_— 30 x 102 —_ 5. 56 x 102
26 15.6 x 102 68 x 102 —_ 26. 74 x 102 —_—
30 ‘ 17.0x 10% 86 x 102 — 40. 42 x 102 —_—
31 2 17.6 x 102 E - 34 x 10* —_— 6.10 x 102
33 19. 8 x 10> 1 98 x 102 45x10? 45,08 x 102 9.50x10?
40 24.0x10? ‘ 108:< 10* 45 x 10* 45.16x 102 8.00x 102
42 25.2x10? : 112 x10* 47 % 10? 46. 26 x 102 8.14x 10?2
45 27.0x10? 118 x 10 48 x 102 47.92x 102 7.92 x 102
50 30.0x10* 134 x 10* 49102 55. 62 x 102 7.42x 10?2
54 32.4x10? ‘ e 49 5:10* R 6.88 % 10?
1200 36.0x104 : 170 2 10% —_— 74.60x 10* —_
10 42.0x10% ‘, 195 x 10# —_— 84.14 x10? —_—
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Fig. 6. Calculated mean diffusion coefficients

versus time in various tidal flow.
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