TR+ B3

A Study on the Selection Criteria for Effective
Marine Oil Spill Response Techniques at the

Coastal Waters in Korea

TR Tt gl Bk

20054 2H
HEMGHERBER KB
BTHEEREH
F oKk B



B R e i
LISt Of Tables weweeeeeeerersrrennummmettitiiiiiiiiiii it i
List of Figures ................................................................................................. v
AADSETACE ++vveeveeeeeeessssmmttitti i v
1 }\1% .................................................................................................................... 1
1.1 AT B Z B A 1
12 A5 9 uol-q_]j ............................................................................................... 4
2.5—“0(; _ﬁ_%_g_onﬂ/\]__ﬂ ........................................................................................ 6
21 A—]]ﬁ] ﬁﬂoo]:_?‘?g/\]'ﬂ ..................................................................................... 6
211 /H] Al _Q_(glx]-;r_ WA A4 H G BE 6
212 /H] 74] 53_%1/\}_7_7 %%% ........................................................................ 8
213 /H] 74] 53_%1/\}_7_7 %%%cﬂ .................................................................. 10

292 __?_‘j/]q_g]_ -aﬂooko OnﬂA]'i ........................................................................... 11
221 S S AAT WA A E G S T e 11
929 S LFE} © GAFIL B2 Q) wiirmiiersiasiinnsioesis s 13
223 LUT L AAFT FEYO] e 15
2924 _C"_g]b}]:q_ 9‘?3/\}3’_ gﬂglﬂ .................................................................. 17

3 3-"@ :ﬂ—%‘ }_,\} ............................................................................................. 19
31 T]AF F ] e 19
311 HE B oo 19
3.1.2 OB JJ] coveeevemene e 24



3.2 B AF o Z] e 33
321 B e 33
3 D R R 34
3.2.3 TP BF et 39

33 T U K F EA e 49
331 AT B O eeeeeeee e 42
3.3.2 WE BN O coeeeeie 43
3.3.3 T B OF ceeeeenet e 45

4. 9 o AAtao] W3 HAAFGP A BA 47

4.1 HF A RF S e 55

4.2 7] B 9] E I e 58

4.3 BT Y O] e 59

A4 B AFAF BN oo 60

4.5 /\}%% HO]—xﬂ H(;H?jl ....................................................................................... 61

B A B 69
%—i?‘?__?:;]_ ............................................................................................................... 72
TEARF O] B oot 74



<List of Tables>

cel

™

AA 2 AA

A A

Table 2-1

Table 2-2

o
Ny
oF

=K

PN
A

A

alr
=

al

Felhe 2.9t

Table 2-3

14

=

A

=13
=

=2)
=

o

o =
T =

al

Felhe 29t

Table 2-4

i+
he

Gl

Gl

0o
o

O =
T =

al

$elvhet 2.9

Table 2-5

18

o

™

Felhe 29t

Table 2-6

21

:g] —EL %.v/_}‘:(m/s)

Gl
Gl

o}

;00

o
NF

Table 3-1

23

- 26

ﬁo

Gl
Gl

o}

;00

o
NF

Table 3-3

27

29

Table 3-5

31

N

wA
il
¢

70

Iy

ﬁo

Gl
Gl

o}

;00

o
A

Table 3-7

40

Table 3-8

.
ey
K
B!
oy

59l

4w

Table 3-9

.

TS

]_
]_

A

Table 4-1A 8 2

E.L

It

al

o A

Table 4-1B 8 2

50

Table 4-1C

&

=]
24

al

]_
]_
]_

o A

Table 4-1D =8 <

o

=]
ER

al

%1 A

Table 4-1E 8 2

o

\=]
24

al

o] A

Table 4-1F 8 <

o

I A

A

ol
=

Table 4-1G =8 <

61

pzel

il

]
)

Table 4-2 7159 =4¢

N



<List of Figures>

i
;Oﬁ

e

B/

:rL

A A

Fig. 1-1

4o
_ZE.E
oF
gl

B

A3

bagal

of

Fig. 2-1

o

oF

o

W

0
o

o
oF

™

BH

ol

O;

Al A

Fig. 2-3

11

13

o

o =
=

al

Fehe 2.9t

Fig. 2-5

o

W

0
o

o =
=

al

Fehe 2.9t

Fig. 2-6

e
A
o
K
+

|

2

Gl
Br

o

$elvhet 2 9ata

32 het

Fig. 2-7

- 33

Fig. 3-1

- 35

36

- 37

38

55

4o
Ny

=K

o7

o
Ay
o

=K

A
e

el

)

o
™
zn
of

of
N

Fig. 4-4

o
iy

=K

o

o
A

=K

63

]

A (FFA,

64

_iv_



A Study on the Selection Criteria of Effective
Marine Oil Spill Response Techniques

in the Coastal Waters of Korea

Yoon, Young-Seok

Department of Maritime /FPolice Science

Graduate School of Korea Maritime U/niversity

Abstract

The coastal waters are most susceptible to pollution, because of the
concentration of wurban activities near coasts and rivers that
eventually enter the sea. In Korea, metropolitan and medium size
cities and ports are located near the coasts and estuary, and other
coastal areas are widely used for resorts, fishing and cultivation.
therefore oil spill can be a disaster to marine environment if spill
accident happen in the coastal waters. In this regards, I culled the
historical spill data and analyzed them focusing on the root cause of
accident and the response techniques applied to the major oil spills
which occurred in the coastal waters for past 16 years(1988~2003),

then make some criteria of response options for future oil spill.

The results of study are as follows.



(1) Majority of spill is caused by operational failure, weather,
violation of navigation rule and hull defect, therefore it requires
responsible authority(MOMAF & KNMPA) to provide appropriate
education and training program for ship’s watch officers to be
quality-upgraded, at the same time, strict inspection to hull condition

should be made at the time of every inspection and/or survey.

(2) Preferable response tools employed in korean coastal waters were
booming, recovery by skimmer or sorbent and dispersant use at the
early stage of spill. These action such as deploying boom in the
rough seas and applying dispersant to oil slick nearshore seems to be
without due regard to type of spilled oil, weather condition, distance

from shore and water depth.

(3) According to the historical data for past 16 years(1983~2003),
mechanical recovery can be applied under the condition of SG of 0.8
7~0.97, wind speed of less than 20knots, current of less than 2knots
and deploying only booms around sensitive area is helpful tools under
dense fog. Regarding dispersant use, it can be applied under the
condition of SG of 0.87~0.97, sea water temperature of more than
2T, depth of more than 10m and it can also be applicable to the case
that oil slick does not reach the shore within about 6.5 hours.
However, considering that the developed countries such as US.A and
England recently tend to mitigate the criteria for easy and prompt
use of dispersant, it need to be reviewed that dispersant use 1S one

of primary response options in Korea.
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Historical response data used for this study seems to be not
enough to establish the criteria for appropriate response techniques to
future oil spill accidents, thus the author will continue to cull
response reports and analyze to seek more practical and applicable

response tools.
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A A A BT S Fe @ AE EA = del= Dr. Etkingl “Oil
spill intelligence report”e] A5 & o] &3l ZA| 2oz WA FFed
AP 24 A
<Table 2-1>0l 4 H W 40,000kl ©]¢ fr=o] dowd o F #=
Fol & sfel Hste WS ¢ F Atk 1980d el = x4 Irenes
Serenade(138541ke)2} Juan A. Lavalleja(41,487ke)2] % AFaL7F Az,
19839l = 24 Assimi(59,808ke), Castillo de bellver(297,146ke )}
Pericles GC(53,994k()e] frEAkaL7E o™, 19859 o= Nova(80,823
k0), 1988 = Athenian Adventure(40,132k()2} Odyssey(163,146k()2]
frE& A7} AN O 1989 of] = Exxon  Valdez(40,881k() %}
Khark5(75,706ke) 2] F=AFa27F Q32 199139 = ABT summer(56,779
k), 19921 ol == Katina P.(60,564k0) ¢} Aegean Sea(82,898ke)2] AL
7F Al ar, 199319l = Braer(94,632k(), 1994d ol = Thanassis A.(41,260

ke)ol & AbaLzh At



<Table 2-1> AA | FAAL A

T B = F(1980~1995)

WA 75 A% w715 FEY
o (40ke el 3h) [(4,000ke ~40,000ke)|(40,000ke 0] )| (%] @ ko)
1980 91 5 2 248,728
1981 69 3 0 65,546
1982 75 1 0 27,863
1983 78 2 3 467,034
1984 65 6 0 61,363
1985 52 2 1 130,399
1986 81 0 0 30,070
1987 83 2 0 40,801
1988 52 3 2 245,870
1989 90 % 2 231,031
1990 81 4 0 82,799
1991 59 3 1 114,528
1992 48 2 Z 170,985
1993 53 4 1 153,373
1994 59 2 1 104,073
1995 42 1 0 19,630
total 1,078 47 15 2,194,593

Z+& 1 Oil Spill Intelligence Report(1997)
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<Table 2-2 AAl s Fed At FEAE A5 (1960~1995)>

4 3 W4 frE A% % & 7
Tanker 34 942 976
Barge(oil) 122 210 332
Other Vessel 28 284 412
A 184 1,536 1,720

Zt& 1 Oil Spill Intelligence Report
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<Table2-3>= Felvtet s FedAtae] TR B =& 19884
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2001 B v Al Faekr] A zbske A & 7 vk <Fig 2-4>0 A =
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<Table 2-3> $evhe} sfFedrta LAAF 2 3 F(1991~2003)
dE e e
(&9 ko)
1988 158 1,058.2
1989 200 368.0
1990 248 2,420.6
1991 240 1,257.0
1992 328 2,942.5
1993 371 15,460.3
1994 365 456.1
1995 299 15,775.9
1996 337 1,720.1
1997 379 3,441.0
1998 470 1,050.2
1999 463 386.9
2000 483 583.0
2001 455 668.1
2002 385 409.9
2003 297 1,457.7
g A 5,478 49,455.5
AR LD WA A EE R
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<Table 2-4> F-2ue} sfFo it FEdd TAAF

d= | od | fr2d | sed | e | S 7] e 7
1988 73 10 41 19 12 3 158
1989 92 18 44 22 20 4 200
1990 96 18 40 37 49 8 248
1991 97 35 65 19 17 7 240
1992 119 44 93 26 42 4 328
1993 145 47 98 26 43 12 371
1994 167 32 88 37 34 7 365
1995 134 41 65 29 21 9 299
1996 151 37 53 45 33 18 337
1997 197 35 65 43 31 8 379
1998 269 27 68 54 37 15 470
1999 247 28 68 64 35 21 463
2000 272 28 61 56 42 24 483
2001 259 33 52 61 39 11 455
2002 218 32 33 62 32 8 385
2003 134 29 41 46 40 7 297
& Al 2670 494 975 646 527 166 5,478

A8 e duwA AbE A
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<Table 2-5> %1 }&}

edim 59

dx | RFe | mel | e | e | 7w 7
1988 88 42 19 6 3 158
1989 111 41 39 5 4 200
1990 109 68 47 16 8 248
1991 103 47 72 11 7 240
1992 155 95 55 19 4 328
1993 213 68 68 10 12 371
1994 231 55 56 16 7 365
1995 183 32 56 19 9 299
1996 189 46 62 2 18 337
1997 201 60 94 16 8 379
1998 195 105 131 24 15 470
1999 237 88 101 16 21 463
2000 199 111 123 26 24 483
2001 204 67 150 23 11 455
2002 164 31 149 33 8 385
2003 121 24 113 32 7 297

g A 2,703 980 1,335 294 166 5,478

A8 AFoAA A A
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<Table 2-6>2 f-ejutet 7} sjqdz TG fFLPrt THAFE
UERd Aotk EANE== F EAAS 54780 T del delA 2,437
(45%)0] LA d o, M HolA 1,656471(30%), & HAolA 1,387
(25%)e] TG Aoz yudd. FEIFEdeEs F 57 49,4555k =
el Hell A 23,397.6k0(47%), A&l Aol A 18386.0kt(37%), &3l HollA
7,671.9k(16%) w22 F=9 Atk <Fig. 2-7>olA = si9dE @A
&

3,000 . 25,000.00
23,397.60 UM ASs —e— a2
2500 | 2437 1 20,000.00
2,000
1 15,000.00
il] )
1500 L 1,387 K
2 oF
21 1 10,000.00
1,000 | \
7,671.90|
co0 | 5,000.00
0 0.00
L+ M sl =l
Fig. 2-7 2yl S dAta sl d dAyAa4 9 fE5
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<Table 2-6> Felvbeh oAt a Ad WYAS ¥ FEF
3 A 8 %3 7
asl Twws | [evw | [evw | [ oA
(k) (ke) (ke) (ke)
1988 | 85 30.6 53 24.4 20 1,003.2 | 158 | 1,058.2
1989 | 82 1394 88 222.6 30 6.0 200 368.0
1990 | 100 496.4 109 | 1,908.0 | 39 16.2 248 | 2,420.6
1991 | 119 190.2 94 1,054.2 27 12.6 24 1,257.0
1992 | 145 | 2410.1 | 131 477.2 52 55.2 328 | 2,942.5
1993 | 138 | 2,336.0 | 136 | 13,066.9 | 97 57.4 371 | 15,460.3
1994 | 173 281.8 108 81.2 84 93.1 365 456.1
1995 | 140 | 10,6335 | 75 88.6 84 | 5,053.8 | 299 | 15,7759
1996 | 155 | 1,1489 | 85 522.6 97 48.6 337 | 1,720.1
1997 | 142 | 2)505.7 | 91 155.6 146 779.7 379 | 3,441.0
1998 | 164 650.2 119 60.6 187 339.4 470 | 1,050.2
1999 | 205 262.8 119 Rl 139 67.0 463 386.9
2000 | 240 253.9 132 272.2 drialr 56.9 483 583.0
2001 | 217 o87.7 115 68.0 123 124 455 668.1
2002 | 179 126.7 122 256.2 84 27.0 385 409.9
2003 | 153 | 1,343.77 | 77 70.6 67 434 297 | 1457.7
e Al12,437] 23,397.6 |1,654| 18,386.0 |1,387| 7,671.9 |5478 | 49,455.5
AR A FLANA A G FEEA)
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i Ay |FA = | A A v A R H-A]| oY
7 A
&l (n mile) | (m) | % F(kt) @Az o) | 472A7h |
B-C ) 440,000 /
1.8 19 bad X dispersant
2,560 X
B-C _ boom, dispersant, 6,207,000/
03 |16 low vis. )
1,500 skimmer sorbent 4 587,367
B-A ) ) 129,800/
14 |18 low vis. boom dispersant
4,288 6,877,790
boom,
B-C | 5,666,442/
harbor | 15 calm sorbent, skimmer
1,228 : 91,674,200
dispersant
naphtha X
05 |63 bad boom X
8,682 / 182,000
crude/ skimmer,
22,446,895/ qEHF
a 0.5 44 | B-C |typhoon boom sorbent,
] 16,951,412 B &
5,035 dispersant
B-C boom, sorbent, 12,564,895/ B9
6.1 42 bad ] X
2,392 dispersant 2,948,969 FA]E)
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<Table 4-1B> 8 9% Al EAM
&= 2= o = T =2 ) )- ) )
T A v A |FA T2 N A A v A v 1A ¢ 0]
& (n mile) | (m) |3 % (k) (24A17F olUl) | (24772A1%Y) | TS A (H £
_ boom, mechanical,
e crude _ _ 6,443,126/ 59
8 harbor | 15 calm mechanical, dispersant, .
A} 5} o] of 1,402 _ 1,428,690 (438
dispersant sorbent
o B-A _ dispersant, 9,400/ 9
9| A8 % 29 42 low vis. natural
444 sorbent X (A E =)
oA B-C dispersant, 5,565,940/ 9
10 6.5 60 bad boom
A o] = 208 natural 818,199 (ZFA] e uh)
T E} B-C dispersant, 642,779/
o 0.8 |49 bad X 1 7 Ah 22
Al A 7} 440 sorbent X
mechanical,
B-C 791,403/ 9
12| A3 2.4 4.7 |40 storm X sorbent,
1,694 8 65,637 (A e EH)
dispersant
boom,
vl 2~} B-C ) 97,318/ 9
13 3.6 |40 low vis. sorbent, natural
M g _ X (Z A e RE)
dispersant
mechanical,
= B-C 2,550,823/ 9
14 w7 H& 1 20 storm X sorbent, L
301 221,649 (g ==2)
natural
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<Table 4-1C> F8 2% At ¥4 %

T A |FA &+ F A A A oH
a0 . 7] %
& (n mile) | (m) |F% % (kb) (24A17F olUl) | (24772A1%E) | TS A (H
i B-A boom, 462,029/
15| A2 3} 1 12 calm ) X
20.6 mechanical X
boom,
) B-C _ _ boom, 289,959/
16 3s}7}FE} 84 | 80 low vis.| mechanical, )
434.8 ) dispersant X
dispersant
fArE R B-C boom, 5,278/
17 harbor | 80 bad ) X
) e} 10 dispersant X
boom, sorbent,
N B-A _ sorbent, 56,373/
18 5 harbor | 31 calm mechanical,
16.8 ] natural 4,000
dispersant
waste boom, boom, 104,000/
19 A2 21 |harbor| 16 calm \ ,
68.4 mechanical mechanical 8,000
} boom,
A B-C ] ] 275,278/
20 harbor | 15 calm mechanical, dispersant
Ay 4 Ea X
sorbent
} . boom,
Gl B-C |low vis. boom, ) 494,989/
21 harbor | 14 mechanical,
Eatoiii =4 601 current sorbent 300,000
sorbent
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<Table 4-1D> 8 9 ¢ Alal &A%

T A |FA F+ F A A v A o
A 7] %
H (n mile) | (m) | % (k) (24A1 7 o) 247T72A12F) | TS ()
boom, sorbent,
B-A _ _ _ 333,692/
22 o9 501 |harbor| 13 590 low vis.| mechanical, mechanical -
dispersant
boom,
B-A _ 39,446/
23 107 &4 0.5 14 calm sorbent, mechanical
105 . X
mechanical,
boom, sorbent,
B-B _ boom, ) 253,815/
24 Y% EF 18 100 low vis. _ mechanical,
41 dispersant : X
dispersant
3 B-A natural, 714E
25 A5 & 0.5 5 typhoon X . Eael! _
54 (dispersant) =
boom, sorbent, X
B-A ] dispersant, 12,962/ B9
26/ &% 2003 | shore | 2.2 bad dispersant, i
6 natural X I
natural
B-A boom, sorbent, 24,594/ 7] E =
27 g 2l 1 4 typhoon X '
43 mechanical 27,823 (H )
} B-C dispersant, dispersant, 163,209/ Z
28 P. st= Y 7 80 storm
Ea natural natural X i
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<Table 4-1E> T8 9 Al +4%

T« Ag |FA F F A A A o
A < 71 A «
& (n mile) | (m) |F% % (kb) (24A17F olUl) | (24772A1%E) | TS A (H
C.D. B-C sorbent, 28,741/
29 - habor | 10 calm X
AL = 0.15 natural X
B-A boom, sorbent,
30 ¢kA 101 3.2 |66 o4 calm mechanical, sorbent v A
' dispersant
dispersant,
B-A _ 81,623/
31 wd 25 |23 6 calm dispersant sorbent, <
natural
} B-A natural, 10,643/
320 A1l = |harbor| 7 calm X
30 sorbent X
B-C boom, 1,166,240/
33 2191 1.2 |20 typhoon X
59 sorbent 1,000,000
()54 B-C boom, 430,277/
34 shore | 7 storm X
A f A 67.9 sorbent X
B-A boom, boom, 74,190/
33 A harbor | 5 storm . _
1.7 mechanical mechanical X
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<Table 4-1F> 8 2

i M A |F=H F = o A H A v A o ael
& (n mile) | (m) |3 % (k) (24A17F olUl) | (24772A1%Y) | TS A (H £
B-C _ mechanical, 1,000,000/ 559
36 B 075 |26 low vis. sorbent
8.59 sorbent 942 532 (=4)
) B-C boom, mechanical, 1,701,874/ At
37 skt harbor | 15 calm )
21 mechanical sorbent 19,000 (A7 A1
B-C boom, 66,462/ - 9]
38 4193 ¥ | 126 |78 calm ' X T
5.88 mechanical X (=)
3.0 o] bilge _ boom, sorbent, 12,547/ B39
39 5 43 low vis. )
ul-F 0.7 sorbent dispersant X (FFA] E vF
B-C boom, ; 2,921,437/ | 717E=F
40 el harbor | 2.6 typhoon mechanical _
90 sorbent 3,267,870 (5 %)
B-C boom, sorbent, _ 3,593,836/ | 71E
41 S harbor| 15 typhoon _ mechanical
360 dispersant 149,470 (5 5)
B-A boom, 92,816/ 714 &
42 B2 3.2 14 typhoon boom
35 sorbent X (H =)
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<Table 4-1G> & o4 Al A%
& 2= o = ¥ 7)) =5 W } | | = } % on
T A Ay A 3 N A A v A v A o 90
& (n mile) | (m) |3 % (k) (24A17F olUl) | (24772A1%Y) | TS A (H £
doy= B-B boom, , 188,501/ 7)1 E
43 0.8 21 typhoon mechanical _
a2l 5 sorbent 1,300,000 (&)
B-A mechanical, 643,000/ 7
44 o o] ~ 02 |73 typhoon boom -
6 sorbent X (el %)
T st B-C boom, 57,225/ 23+
45 shore | 1 calm \ sorbent
Hde A 10.5 mechanical n A ()
B-C boom, , AArz/ -9
46 A% 0.2 1 calm . mechanical
623 mechanical 154,000 (ZFA] =t
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) S.G. Viscosity . .
Oil type i i Pour point Flash point
at 1557C at 50C
Bunker-C 0.96~0.98 530cSt ©] &} 2C o]s} 70°C o] %

A 40m/s, & 11.0C, 9 34.0%) =
2 2d4 54 ¥WsE A TS 5,2002). AT A5 ol EA el
ZdojyA 7] witel & Ayl s 2R A WE 2 ST A
o UEW AT <Fig. 4-7(x)> B= ®sE dyEw

985kg/m’ol Y WEE 24AZF Fok AA Z7bstol 992kg/m b EH AL,

Ho
Lo
>
)
o
i
-3
=

T ol FolE M F7heke]l 12047 Ak Foll= oF 995~998kg/m’ o
HA 715Y "L 5 271 °F 1,700cStold Aol 1 F 48Xt F
b = A F7Feke] 3,200cSto] H AL, L o] Feoll= A AT Frheke] 120
A ZE 743 Fol = 4,000cSto]l AT FE=4 A Aol wE T

= rER7] 4841 Eek o 55%7F AL, 1 o] Fdl= FEE o] v

4o Ao ey
A 40m/s, & 240C, DR 32.0%) FEHe) A7 Aol w
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