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Among the biodegradable liquid waste treatment and disposal methods, ocean dumping
is a cost-effective and productive manner considering reuse point of view. However, when
biodegradable liquid waste is dumped in the ocean, oxygen consumption by the decompo-
sition of organic matter must be considered.

The purpose of this study is to determine the maximum allowable concentration and
dumping rate in the southern waters of the East Sea based on dissolved oxygen level.

Streeter and Phelps’ model has been used to determine the maximum allowable concen-
tration. Factors in this model, deoxygenation constants and reaeration coefficients, have
been determined by appling oxygen consumption method and closed system model.

Deoxygenation constants and reaeration coefficients from surface to each standard depth
are

0.24~0.29/day and 0.03~0.39/day in summer,

0.17~0.20/day and 0.04~0.56/day in winter,
respectively. The allowable organic matter concentration(mgBOD/I) to the dissolved oxy-
gen sag value of 5mg/l is represented 17.23X (H) ™*¥ in summer, and 64.96X (H) %2 in
winter by mixing depth(H, m).

Csanady’s experiment has been applied to estimate the optimum dumping rate. The
optimum dumping rate(R, m%/sec) can be written as a product of the beam(b, m) and the
draft(h, m) of vessel, and biochemical oxygen demand of waste(L., mg/)

R=275Xbh*3L,™! in summer

=745Xbh*%L,"! in winter.
The difference of dumping rate between in summer and winter is due to the oxygen

distribution.
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Table 1. Experimental data relating BOD(mg/l) and time at each depth

, Date
Depth - Time " June 20, Aug. 10 Oct. 16 Dec. 20 Feb. 9 Apr. 14
une , ug. CL. €C. eb. 9, T.

() (days) 1986 & 1987 P
1 0.46 0.20 0.73 0.27 0.98 041
2 123 0.78 142 161 155 112
0 3 152 143 167 165 167 144
4 175 132 1.87 1.86 1.86 169
5 1.66 132 2.10 2.05 1.89 193
1 0.35 0.44 121 112 1.20 0.79
2 137 1.00 159 147 172 133
10 3 148 118 175 167 179 191
4 149 139 1.96 185 201 2.13
5 166 135 203 1.99 2.11 235
1 0.79 0.04 112 157 152 120
2 140 0.78 163 173 167 167
20 3 162 0.99 1.84 1.87 183 2,01
4 1.92 141 2.13 2.05 2.02 243
5 2.06 143 2.20 2.14 2.06 247
1 0.87 0.99 111 131 0.98 091
2 163 149 172 157 164 110
30 3 179 152 176 175 166 135
4 2.02 147 208 188 179 177
5 192 161 2.24 1.94 1.87 201
1 135 119 172 135 0.98 0.65
2 136 151 2.14 166 1.60 1.04
50 3 147 145 223 1.88 162 131
4 144 145 2.38 2.14 1.88 145
5 150 154 2.49 221 2.06 164
1 130 137 139 1.29 119 0.88
2 151 151 196 156 164 124
75 3 151 151 203 171 178 159
4 174 156 201 1.89 181 176
5 177 1.82 2.94 2.15 198 2.02
1 168 119 173 132 0.99 0.97
2 195 128 1.99 144 144 122
100 3 1.89 1.39 193 170 1.60 133
4 193 149 2.19 1.08 155 148
5 2.04 154 221 2.10 179 167
1 178 127 165 144 155 0.90
2 1.89 121 1.69 156 1.82 1.20
125 3 192 118 179 174 198 145
4 198 1.33 181 1.96 2.04 178
5 193 164 2.13 2.20 2.18 1.98
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[ERA&BO0~20m), HEQ20~50m) 1|3 (KfF
(50~125m)o 2 }ye] 2zt KIgHlE mRiRS S
S Fig 2o tebldch 19 HEREY 25
HE RFERAREC] b, KE 93] Flo] B

#e Hols o) BEAoY, ol EE #E A4
Bog sty XFRAREY MAEHE Bl &
KRS 2o F B3 oluE ElEE H7)
W Fo)th. Ward(1985)€ kol ¢=uyo}l FEafbsRol
HXe AEE A A3 BRAAME 28t

201



B
2} 2+ g===—
| /"/é/o /
X J— - ,%Q
r * o——o0 0— 20m r o
June e——e 20— 50m | Dec.
x—x 50—-100m
1 L ] i 1 ] 1 1
o] 1 2 3 4 5 0 1 2 3 4 5
5
£ ]
- 2F 2t — 3
& ! — e——-—f_—iég—/’
-~ . o——8=——3 i
5 — o—""
1 o o 1+
[~
L4 I Aug. L Feb.
> o
3 1 1 1 1 ! 1 1
0 1 2 3 4 5 o] 1 2 3 4 5
ﬁ, —
2+ " —__‘7/48/0 oL /o/l)
/.———- 0/ O .;/X
1+ o 1r B/
| Oct Apr.
] - 1 1 k) 1 1 H
(o] 1 2 3 4 S (o] 1 2 3 4 5
Time (days) Time (days)

Fig. 2. Oxygen uptake of a mixture of glucose-glutamic acid in the three different depth of water columns
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Table 2. Values of a, b, 1, Lo, ki and K1 by Thomas slope method

K; (10 base)
20 cor.

L, k, (e base)
20C cor.*

Month Depth a b
0~10 09661  0.0961
20 09695 00910
30 09685  0.0860
June, 50 09757  0.0860
1986 75 09150  0.1030
100 08717 01115
125 08388  0.1165
0~10 11095  0.0838
20 11398 0.0769
30 11056 00815
Aug. 50 09972  0.1022
75 09478  0.1097
00 09140  0.1163
125 09044 01194
0~10 09537  0.0789
20 09033 00897
30 08996  0.0887
Oct. 50 08607  0.0934
75 08288 00987
100 08385  0.0903
125 08027  0.1064
0~10 09379 00858
20 09100  0.0907
30 08723  0.0993
Dec. 50 08593 01012
75 08557  0.1008
100 08604  0.0982
125 08555  0.1009
0~10 08817  0.0975
20 08504  0.1032
Feb 30 08495  0.1045
. 50 08716  0.1007
1987 75 08745  0.1004
100 08736  0.1019
125 08662  0.1034
0~10 10671  0.0519
20 10159  0.0564
30 09860  0.0647
Apr. 50 10096  0.0684
75 10183  0.0709
100 10064 00757
125 19989  0.0790

0.9994 1.86 0.60 0.56 0.26 0.24
0.9967 195 0.56 051 0.24 0.22
0.9982 2.07 0.53 047 0.23 0.20
0.9974 2.04 0.53 0.45 0.23 0.20
0.9976 1.93 0.68 0.57 0.29 0.24
0.9944 197 0.77 0.62 0.33 0.27
0.9931 2.03 0.83 0.64 0.36 0.28

0.9530 1.62 0.45 0.59 0.20 0.26
0.9792 1.67 0.40 0.50 0.18 0.22
0.9963 167 044 0.50 0.19 022
0.9971 1.64 0.61 0.60 0.27 0.27
0.9956 1.69 0.69 0.62 0.30 0.27
0.9916 1.72 0.76 0.65 0.33 0.28
0.9871 171 0.79 0.63 0.34 0.27

0.9905 2.32 0.50 0.52 0.22 0.23
0.9935 2.28 0.68 0.70 0.26 0.27
0.9937 232 0.59 0.60 0.26 0.27
0.9903 241 0.65 0.65 0.28 0.28
0.9913 246 0.71 0.68 031 0.30
0.9630 263 0.65 0.60 0.28 0.26
0.9879 243 0.80 0.72 0.35 0.32

0.9846 221 0.55 0.45 0.24 0.20
0.9947 2.22 0.60 0.49 0.26 0.21
0.9919 221 0.68 0.55 0.30 0.24
0.9889 2.23 0.71 0.57 0.31 0.25
0.9860 2.26 0.71 0.57 0.31 0.25
0.9805 2.30 0.68 0.54 0.30 0.24
0.9786 2.25 0.71 0.55 0.31 0.24

0.9947 220 0.66 0.50 0.29 0.22
0.9916 2.23 0.73 0.56 0.32 0.24
0.9917 221 0.74 0.56 0.32 0.24
0.9923 2.18 0.69 0.52 0.30 0.23
0.9924 2.17 0.69 0.52 0.30 0.22
0.9954 214 0.70 0.51 0.30 0.22
0.9945 215 0.72 0.51 0.31 0.22

0.9949 2.82 0.29 0.21 013 0.09
0.9983 2.86 0.33 0.24 0.14 0.10
0.9891 2.65 0.39 0.28 0.17 0.12
0.9815 2.39 0.41 0.30 0.18 0.13
0.9842 227 0.42 0.30 0.18 0.13
0.9842 217 0.45 0.31 0.20 0.14
0.9801 211 0.49 0.33 0.21 0.14

* correction to in situ temperature
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Table 3. Change in oxygen due to gas exchange in the water column during the period t days, flux of oxygen

(F) and exchange coefficient (K)

Periods At AC AE AF K Direction
(days) /D (mlem®  Gmlfem®day)  (m/day)
1967
Mar. 11~Apr. 25 45 0.23 2.00 0.04
Apr. 25~]Jun. 23 59 0.43 -5.38 -0.09 2.09 Evasion
Jun. 23~Aug. 15 43 0.36 -5.50 -0.13 361 Evasion
Aug. 15~O0ct. 30 76 045 3.00 0.04
1968~1970
May 9~]Jun. 16 38 0.39 -12.50 -0.33 846  Evasion
Jun. 16~Aug. 1 47 0.57 -4.00 -0.09 1.58 Evasion
Aug. 1~Oct. 15 75 042 -7.13 -0.10 2.38  Evasion
Oct. 15~Dec. 17 63 0.19 6.88 0.11
Dec. 17~Feb. 11 55 -0.01 19.50 0.35
Feb. 11~Apr. 19 67 ~0.10 5.25 0.08 8.00 Invasion
Apr. 19~]Jun. 14 57 0.21 -413 -0.07 3.33  Evasion
Jun. 14~Aug 15 62 042 -11.50 -0.19 452  Evasion
Aug. 15~0ct. 28 74 0.23 -8.50 -0.11 478  Evasion
Oct. 28~Dec. 28 61 -0.14 28.63 047
Dec. 28~Feb. 18 52 -0.21 -6.25 -0.12
Jun. 7~Aug 24 78 041 -16.13 -0.21 512  Evasion
1986~1987
Jun. 20~Jul. 18 28 0.16 -1.50 -0.05 313  Evasion
Jul. 18~Aug. 10 23 0.21 -1.63 -0.07 3.33  Evasion
Aug. 10~Oct. 14 65 0.17 -7.00 -0.11 6.33  Evasion
Oct. 14~Dec. 17 61 -0.12 8.75 0.14 11.70 Invasion
Dec. 17~Feb. 9 54 -0.29 1.88 0.03 1.03 Invasion
Dec. 9~Apr. 14 62 ~0.27 2.88 0.05 1.72 Invasion
Apr. 14~]Jun. 11 58 0.04 -12.50 -0.22
Average 444+ 282
Summer 3.85% 1.80
Winter 5611 4.44
7+ 8 k., EOC, I0D(Initial oxygen deficit) #t< Table 4

ZAojx & #mzEr B 5 Juh £33 ACe
B3V v F KRR KA BEREoEe
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1948). 2 EE A8 F 2 Wy olEd ¢
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Table 4. Mean values of variables and parameters
used in the Streeter-Phelps’ model(k:, ki,
Naperian-based values)

Mixing

S deoth ky ks EOC IOD

eason dep day ' day ' mgl mgl
(m)

0~10 0 56 0 89 701  -0.33

20 0.57 044 710 -0.34

Summer 30 0.52 0.30 725 -024

(Jun.~ 50 0.57 0.18 7.52 0.17

Oct.) 75 0.62 0.12 7.74 0.65

100 0.62 0.09 7.91 0.98
125 0.66 0.07 8.18 1.29

0~10 0.39 1.29 847 043

20 043 0.65 845 0.42

Winter 30 0.46 0.43 843 0.40
(Dec.~ 50 0.46 0.26 845 0.44
Apr) 75 0.46 0.17 852 0.52
160 0.45 0.13 8.61 0.62

125 0.46 0.10 8.79 0.81

0~10 0.48 1.02 7.74 0.05

20 0.50 0.51 7.78 0.04

30 0.49 0.34 7.84 0.08

Mean 50 0.52 0.20 7.99 0.31
75 0.54 0.14 8.13 0.59

100 0.54 0.10 8.26 0.80

125 0.56 0.08 8.49 1.05

2. HEER RE

Streeter-Phelsps(1925) 9] Bd-& £3to #%4
REE HHsdong HFERe of BEE 4
1% HA A AA=ojof s}, U3 fiE
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245 S FAA Y AR % o7
H3ld A2 Holth(Csanady, 1981).
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WA kol 2Rzz—-F2d BREBKY #
3} J|UBITHE Fig. 301 A H BEKEH, m) 9]
HEARGRE AT & Aok g FEEES B
e ke dw AAo] Ho #HERE KX (7
w2}t Table 67 o] #EHEY BODF=(L)
BEMRHS B 28l k(h) el &2 24
Ht

el XF7F 24 OE HERE ANHE A
< BZEY 4FY HAEREE V197 Helt

N

ot %I mlo

£ #

N e S48 HERE FESIL de %
WEBEDS RigmRER KET BNCE B
BRofiol st HBREY RHFERS
%E 8 A o}

HEBE HIS Streeter-Phelps 2% 01%5}
fow o] mdo HT HEERGREE 27149
Ao 2 198 4 £4Y wKol HEmS -r‘ﬂ‘*
T BEREFHES =739 Thomas slope methodl
wet 78193, HEEMREET Redfielde] PAR D
4 BHH, 1397ke) BBBIEES C. S K &S
ol &3t EHFH Ll HERLE Csanadyd AR
B RS #Emstdh

Table 5. Maximum polluting load, L.(mgBOD/I) and critical time, t.(days) to oxygen sag value of Smg/l

Mixing depth(m) 0~10  0~20 0~30 0~50 0~75 0~100 0~125 ]
Summer L, 7.33 538 5.00 412 341 3.04 2.83
1.48 2.10 2.59 2.88 3.00 3.18 3.22
Winter L. 18.38 11.27 8.61 6.80 5.78 5.35 4.97
tc 1.27 179 2.15 271 3.24 3.63 391
Mean L, 11.34 7.59 6.42 512 4.42 3.97 3.76
te 1.39 1.97 241 2.87 3.14 349 3.61
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Fig. 3. Regression equation between mixing depth(H,
m) and allowable organic matter concentration
(Lo, mgBOD/1)

Table 6. BOD loads(L,, mgd) expressed by mixing
depth (H, m) and dumping rate (R, m?%/sec)
by the beam (b, m), draft (h, m) of the barge
and BOD (L., mg/) of wastes

Season Miximum Dumpint rate
BOD load(L,) (R
Summer  17.23XH™¥  275Xbh™eL;l
Winter 54.96 X H™°% 745X bh*®L;}
Mean 28.83XH 04 431X bh®7L !

TR REAA 2 47129 KEBEGRRE
BEZF 024~-0.29day, 4% 017~020/dey] o, B
BRGET EF 0.03~039/day, £F 0.04~0.56/
dayolAet. °1E WNTEN PUREKMS BER
EE tmgl oo 2 HET F e A4 FARA
o] HEBRET BFZF 283~733mgBOD/, A%
4.37~18.83mgBOD/I°] v},

BeKEM A2 BEHEE ol &3l BEHE %A
BE(mgBOD/N< BEFE 17.23X (H) %%, X 54.96
X(H)2oz FKHEG 5 AATh o FHEEE
HEste] BHBEERYsec) L MM 15D, m),
K, m) 123 BEREHY BOD(L, mghHS &
= BFlEs 275Xbh%/L, XFoE 745X bho#
/22 BHEIT o8 £RE BEFY £F9
BHBZRRE St ol £fste 24 BT #
g Fol},
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