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The Study on O1l Spill Risk Mapping-based

Marine Response Decision Support and Equipment Deployment

MOON, JUNG-HWAN

Department of Coast Guard Studies

Graduate School of

Korea Maritime and Ocean University

Abstract

South Korea experienced catastrophic oil spill accidents such as Sea
Prince oil spill in 1995 and Hebei Spirit oil spill in 2007, and calculated
the required amount of marine response equipment to prepare for the
largest oil spill accident. And It have developed equipment deployment

plan to prepare for the largest oil spill accident by region.

However, this plan is based only on the maximum oil spill for the
largest vessels entry and departure the port, and on the response time
of the equipment in the region and other areas to mobilize in case of
an accident. Although it is not actually a major port, there may be a
risk that environmental, biological, and ecological damages will be

widened due to delays in equipment mobilization in sensitive areas.
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In addition, the decision-maker, in most oil spill accident sites, depends
on the intelligence gathering and his(or her) expertise and experiences
while making response strategy, but it is required to provide the
scientific and systematic decision support system for more effective and

efficient response.

In this regards, the author examines current criteria of equipment
deployment and studies to seek the more appropriate distribution method
of on-water response equipments and develop decision support system

for OSC and related personnel for the large oil spills.

This thesis calculate response equipment requirements and redeploy
marine response equipments based on risk analysis and type using
frequency factor of oil spill accident statistical data such as accident,
spilled oil volume, spilled oil type, vessel type and consequence factor of

economic benefit data such as fishery, aquaculture, beach, port.

In addition, the thesis conducted research that can provide quick and
effective decision-making by analyzing and providing detailed risk factors

for the accident area and the surrounding area.

The thesis result is as follows :

First, it quantitatively calculated the frequency of the oil spill and the

consequence of damage caused by oil spill through the matrix analysis.

In order to estimate the accident occurrence and the damage result,
the risk factors were identified through literature review and expert

questionnaire, and risk factors capable of securing objective data were

- Xii -
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selected. And analyzed frequency factors and consequence factors in 12
years from 2004 to 2015. Based on this, It set the risk level to 5 and
calculated and mapped the risk of the waters in Korea. 22 area as
Incheon, Pyeongtaek, Daesan, Boryeong, Mokpo, Wando, Jeju, Seogwipo,
Tongyoung, Masan, Changwon, , Gangneung, and Sokcho is required the
cooperation of support forces that difficult to prepare for and respose to
each region. And Moderate level risk found area including island area of
northwest, southwest, Geogedo. East, West and South Seas Although oil

spills have occurred in distant seas, the risk of damage is low.

Furthermore, It analyzed risk types such as high frequecy factor - low
consequence factor(HL type) and low  frequency factor - high
consequence factor (LH type). HH type(high frequency and consequence)
risk was shown mainly in major ports. And LH type as frequency is very
low at level 0 or 1 and consequence is high at level 3 or 4 was

concentrated in the West sea.

Second, the time required to mobilize the oil spill response equipment
to the accident site is the same between existing and new model for
spilled 15,000kl and 7,500kl. Early in the accident, regional response
system and risk-based response deployment model can mobilize response
equipment similarly. Since then it has been shown that the risk-based
response deployment model can be mobilized more efficiently for
additional response forces. Area including main ports where oil tankers
and cargo ships are frequent can mobilize more than 40% of total

recovery capacity. This being so considering only major ports, it is also

- Xiil -
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effective to consider only the maximum spilled oil volume and

mobilization time, too.

Third, it developed a marine response decision support model that can
help prioritize marine areas for quick and effective preventive response
activities in case of oil spill accidents by dividing 8 risk factors into
each area. Through this model, it is possible to identify the risk factors

ranging from the accident area to surround 8 areas.

By being able to identify the risk by the risk factor of the sea area,
it is thought that it will be helpful to establish a preparation strategy to
select and concentrate more systematically and scientifically in

establishment and prioritization of response strategy at the site.
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< Qil spill existing studies )

J

Oil Spill Risk Assessment

{OSRA)
&
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s Risk identification L g
SE 5
53 .0
v oC 0

g =

U Frequency Consequence

Analysis Analysis

Establish the oil
spill risk matrix

NO

Qil Spill Risk Mapping

Marine Response Support Model

Response Equipment
Deployment Criteria

Response Decision Support Analysis

= Qil boom
= Qil skimmer
» Storage tank

Mechanic
Recovery

Scope

Equipment deployment
Exercise

Response region
planning

On-scene coordination

Verification

Cooperation of response
equipment deployment

( Existing criteria )
( New criteria )

Fig. 1. Study flowchart
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Fig. 2. Changes in liquids consumption and oil consumption

*source : EIA(2017)
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Fig. 4. Quantltles of oil spilt >7 tonnes, 1970 to 2015
(spill size rounded to nearest thousand)

*source : ITOPF(2017)
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Fig. 5. Number of oil spills per year in Korea (1979~2015)
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A 1,000ke0) el fFEAta7E B o, fEA A e B4HT7697), oS4
(32571), BA(3307) 5 dFrEY F2 sl 1004 ol A1
7F A i,

Table 1. Oil spill accident by sea area(2005~2014)

(Num:number of cases, Quantity:kQ)

Sum |Incheon P}(Iaeg}r{]g Taean ngn g Yeosu |Wando|Mokpo|Gunsan

04 Num 343 22 - 25 - 28 4 18 19
Quantity| 1,461.7| 28.1 - 7.5 -11,232.8 1.8] 426 193
Num 355 31 - 20 - 18 10 25 13

0> Quantity|  410.3 1.6 - 147 - 6.9 2.1 368 2.0
Num 285 21 v 9 - 29 11 15 6

06 Quantity|  364.7| 49.5 N 1.1 - 337 1.0 0.7] 420
Num 345 37 - 12 & 35 11 15 12

o7 Quantity| 15,447.5| 86.6 -1 125499 -1 1,569.3 05| 64.6 1.0
Num 265 26 9 5 - 32 12 10 12

08 Quantity| 435.94|  10.7 - 1.2 -1 2604 24| 12.2 1.6
Num 287 33 - 19 5 21 16 12 16

09 Quantity| 110.8| 16.9 = 471 - 52 1.4 1.0 1.5
10 Num 329 28 - 17 > 42 13 29 15
Quantity| 601.0| 239.8 7 7.5 - 40.8 0.5 4.7 2
Num 287 16 7 9 - 36 17 19 13

H Quantity| 369.1| 12.1] 289 3.0 - 6.9 78.0] 148.0 2.1
Num 253 12 14 2 - 29 13 23 22

12 Quantity|  418.7| 89.5 1.5 0.1 - 1.4 39.6] 25.0/ 245
13 Num 252 11 10 10 - 25 4 25 5
Quantity|  635.0 3.6 1.0 1.1 - 9.6 0.6] 80.7 1.5
14 Num 215 11 6 5 4 30 8 13 5
Quantity| 2,001.4 3.9 0.5 3.9 0.4/1,114.1 1.1| 223.3 1.1

2 Num 3,216 248 37 133 4 325 119 204 138
5 |Quantity| 22,256.1| 542.3| 31.9/12,637.1 0.414,281.1| 129.0] 639.6| 98.6

*source : KCG(2004~2013), MPSS(2014~2015)
*The data for 2015 are omitted because they are statistically processed by region
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Table 1. (Cont.)

(Num:number of cases, Quantity:kQ)

Collection @ kmou

Ulsan |Busan Je%r;lgg C&ggg Jeju Seggwi Sokcho Dhoaneg Pohang

04 Num 26 67 41 - 39 - 8 8 38

Quantity| 36.1] 38.5 27 -l 176 - 1.1 1.3 8

Num 14 84 55 - 35 - 12 12 26

0> Quantity| 28.6| 68.0] 169.3 - 412 - 1.2 214, 165

Num 19 74 46 - 18 - 14 4 19

06 Quantity| 16.6| 2134 3.2 - 0.3 - 0.7 0.8 1.7

Num 19 102 41 - 37 - 8 6 10

07 Quantity| 1,030.7| 33.2| 60.4 -l /50.5 - 0.4 0.1 0.3

Num 13 89 29 - 8 2 7 2 18

08 Quantity 0.6/ 1104 9.2 - 221 0.04 0.8 0.1 4.2

Num 18 56 29 3 14 7 5 12 29

09 Quantity 1.9 6.9 6.0 -| 148 0.1 0.2 0.9 6.9

0 Num 19 62 24 - 22 15 12 23 8

Quantity| 85.3 3.3] 1275 -| 232  56.2 0.9 5.6 3.7

Num 27 52 25 L 13 8 10 12 23

H Quantity| 31.2| 234 1.7 5 0.6 0.9 0.8 1.9] 296

Num 17 66 14 > 5 6 8 10 12

= Quantity| 62.5| 25.3 1.1 - 152 9.6 5.2 1.5 116.7

Num 21 66 14 9 7 9 10 12 14

1 Quantity| 119.9) 79.3] 780 1.4 2.2 0.2 8.0/ 118.3| 129.6

Num 27 51 12 11 8 5 6 4 9

4 Quantity 52| 610.8] 339 0.4 1.1 0.6 0.1 0.3 0.7

9 Num 220 769 330 20 206 52 100 105 206

5 |Quantity| 1,418.6/1,212.5| 517.3 1.8/ 188.8| 67.6| 19.4| 152.2| 3179
- ‘|8 -
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Fig. 8 Oil spills in each port(2005~2014)
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2.2.2 AJE JEFEAL

20043 58 20153@7bA] LAZE 7| EFEAbL A9l Table 294 #o] F
Fo7F 1,861 = 78 Woka aw(83371), TH(42371), 11.9](2067), 7]
EF14371) o2 yegon, §E7Fe ddAtadd od fFo] 21,181ke
2 AA FEFY 932%F AA WL FF(657.8ke), 1kE=(605ke), L9
(264k0) 71E} =02 UERST.

|

Table 2. Oil spill accident by cause(2005~2014)

(Num:number of cases, Quantity:kQ)

Sum Careless | Disaster |Intention| Damage Etc.
Num 343 161 107 31 37 7
o Quantity 1,461.7 23.5| 1,385.2 34.2 18.4 0.4
Num 355 173 121 16 30 15
% Quantity 410.3 62.2 343.5 0.6 1.7 2.3
Num 285 117 73 14 74 7
% Quantity 364.7 11.7 128.2 1.2 223.4 0.2
Num 345 146 124 23 45 7
v Quantity 15,447.5 14.9] 15,367 3.1 61.5 1.0
Num 265 141 62 13 22 27
o Quantity 435.9 38.5 342.0 51.5 0.9 3.0
Num 287 159 57 25 39 7
% Quantity 110.8 19.4 41.5 45.8 3.4 0.7
0 Num 329 195 67 26 34 7
Quantity 601.0 94.4 464 17.4 23.8 1.4
. Num 287 189 47 16 21 14
Quantity 369.1 87.4 175.8 103.9 1.4 0.6
- 20 -
Collection @ kmou



(Num:number of cases, Quantity:kQ)

Sum Careless | Disaster |Intention| Damage Etc.

Num 253 171 33 12 27 10

1 Quantity 418.7 93.2 297.7 0.6 26.3 0.9

Num 252 158 46 10 30 8

. Quantity 635.0 164.0 463.2 1.7 6.0 0.1

Num 215 124 35 10 29 17

1 Quantity 2,001.4 22.0] 1,939.6 2.3 36.7 0.8

Num 250 127 61 10 35 17

° Quantity 464.1 26.6 233.3 1.7 201.5 1.0

Num 3,466 1,861 833 206 423 143
Sum

Quantity 22,720.2 657.8| 21,181.0 264.0 605.0 12.4

*source : KCG(2004~2013), MPSS(2014~2015)

223 Hl&dd V&R

20044 F-E) 201537kA] AR 7| SRE AL Fae] e Y
o

& a3k Aol A 7118 Abatelth Table 3% o] AMfogRE 7]
A AT F ALFL ojlo] 1333700] 1% BT, HEFE F2A

o] 14,409kl = 73.7%5 A g\t

53] 2007 15,386.7kee] &% T 12,626.3ke= Aol 7|ds &Y

AR Q3 Aog o]E ALstH 2,760.4k0 TEOE 3 e YFGE
AtaLe] Y BT dH Al A48 F shuE dddEn
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Table 3. Oil spill accident by emission source(2005~2014)

(Num:number of cases, Quantity:kQ)

Total Vessel — Shore| Etc.
Sum | Cargo |Tanker|Fishing| Etc.

Num 343 294 39 39 149 67 42 7

o Quantity | 1,461.7/1.399.9] 66.4|1,222.9] 30.3| 80.3] 614 0.4
Num 355 298 43 13 183 59 42 15

% Quantity 410.3| 331.5| 30.1| 38.0] 149.4| 1140, 765 2.3
Num 285 237 33 26 112 66 41 7

% Quantity 364.7) 153.0 58.4| 11.4| 206| 626 2115 0.2
Num 345 299 47 36 141 75 39 7

v Quantity |15,447.5/15386.7| 140.5| 12,626.3| 49.3|2,570.6|  59.8 1.0
03 Num 265 212 32 23 98 59 28 25
Quantity 435.9]  369.5 3.5/ 301.1} 337 312 637 2.7
Num 287 249 36 18 125 70 31 7

% Quantity 110.8| 104.9 9.8 79/ 184 68.8 52 0.7
0 Num 329 285 33 37 140 75 40 4
Quantity 601.0| 585.6/ ~82.1| 148.6| 130.5| 224.4| 142 1.2

1 Num 287 231 39 25 97 70 46 10
Quantity 369.1| 202.4| 60.3 1.4 52| 887 166.2 0.5

1 Num 253 222 48 32 66 76 26 5
Quantity 418.7| 383.3| 2219 1.0 56| 154.8| 346 0.8

3 Num 252 202 26 12 77 87 42 8
Quantity 635.0| 474.3] 4389 29| 17.8] 147/ 160.6 0.1

" Num 215 165 21 30 54 60 33 17
Quantity | 2,001.4/1,095.8| 785.7| 38.4| 41.3] 230.4| 904.8 0.8
Num 250 214 21 25 91 77 19 17

© Quantity 464.1| 458.4| 121.4 9.8 21.8| 3054 47 1.0

- 22 -
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(Num:number of cases, Quantity:kQ)

Total Vessel — Shore| Etc.
Sum | Cargo |Tanker|Fishing| Etc.
Num 3,466| 2,908 418 316 1,333 841 429 129

sum Quantity |22,720.2|19,545.412,019.0/114,409.7| 570.7(3,945.9| 1,763.2| 11.7
*source : KCG(2004~2013), MPSS(2014~2015)
224 249 J71ER/EAL

2004 5B 20159712 HAYE =8 V159 THEEE Table 49 &
o] AF7h 12057480 P e ATE BAYAR, FEFES F
71 15,349.8ke = 67.6% 5 At 7 BE& s FEHIAS

Table 4. Oil spill accident by type(2005~2014)

(Num:number of cases, Quantity:kQ)

Collection @ kmou

Sum |Heavy oil|Light oil| Bilge Etc. Except
Num 343 68 128 84 46 17
v Quantity 1,461.7 105.9| 1,314.2 7.3 2.6 31.7
Num 355 69 141 86 51 8
v Quantity 410.3 123.8 131.7 55.2 24.2 75.4
Num 285 60 102 60 47 16
% Quantity 364.7 54.3 77.3 20.1 3.9 209.1
Num 345 69 143 63 52 18
v Quantity | 15,447.5| 12,789.4 160.5 6.6 11.4]  2479.6
Num 265 76 89 54 36 10
v Quantity 435.9 86.0 280.2 6.3 2.6 60.8
Num 287 74 89 61 45 18
w0 Quantity 110.8 25.7 19.1 6.9 14.8 44.3
- 23 -




(Num:number of cases, Quantity:kQ)

Sum |Heavy oil|Light oil| Bilge Etc. Except
Num 329 57 120 63 52 37
10 Quantity 601.0 121.7 357.5 81.3 7.8 32.7
Num 287 50 92 60 37 48
! Quantity 369.1 28.8 80.7 10.4 2.1 247.1
Num 253 64 66 43 51 29
v Quantity 418.7 66.6 64.0 205.8 28.6 53.7
Num 252 54 79 45 46 31
. Quantity 635.0 382.5 81.4 6.2 18.4 146.5
Num 215 58 74 25 44 14
1 Quantity 2,001.4|  1407.9 378.6 165.1 44.8 14
Num 250 53 82 47 47 21
. Quantity 464.1 157.2 76.5 7.5 21.5 201.4
Num 3,466 752 1,205 691 554 267
Sum
Quantity | 22,720.2| 15,349.8| 3,021.7 578.7 182.7| 3,596.3
*source : KCG(2004~2013), MPSS(2014~2015)
B7VA2.27)N A = 71 ERFEA L et A BAS AAE F
gotd, Aol TR F2 g o, T9, dd B et 5 ANE
gapo] we ddolr] Axe] e FFYR A% ALs b Bk,
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Table 5. Oil spill risk definition

Name Definition

The quantitative figures calculated from the matrix
analysis(frequency X consequence) in relation to the
accidental discharge of oil into the ocean.

Oil spill Risk
analysis
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Table 6. Effects of oil pollution on social and economic activities
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Table 8. Demographic characteristic

Variable Answer (_Jéat}r,l P_etg%een Answer Qilént Pe;ggnt
Sex Male 52 98.1 Female 1 1.9
Less then 20 0 0.0 20~25 0 0.0
26~30 4 7.5 31~35 5 94
Age
36~40 12 22.6 41~45 10 18.9
46~50 9 17.0 More then 51 13 24.5
Seoul 1 1.9 Busan 13 24.5
Incheon 2 3.8 Ulsan 8 15.1
Gyeonggido 2 3.8 Ch?lg%fggon 1 1.9
Location
Gyeongsang 1| 19| Jeollabukdo 3] 57
Gyeongsang
namdo 2 3.8 Jeollanamdo 10 18.9
Jeju 2 3.8 Sejong 8 15.1
Less then lyear 4 7.5 1~3 years 4 7.5
Career 3~5 years 3 5.7 5~10 years 11 20.8
More then
10years 31 58.5
Response . .
experience Experience 46 86.8 | No experience 7 13.2
Very well Know about
Response known 31 58.5 | 1ain contents 19 35.8
system Know about
knowledge response System 3 5.7 | Know nothing 0 0.0
Much 39 73.6 A little 10 18.9
Interested
. m Usual 4 7.5 But Ilittle 0 0.0
improving
system Nothing 0 0.0
- 45 -
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Table 9. The point of frequency subtlety

Collection @ kmou

Min.
. Sub Num.of | Average | Standard Max.
Risk factor Subtlety select score deviation (eigggteO) score
Accident 50 23.25 13.75 2 70
Spilled
amount 50 23.11 12.18 5 60
F Vessel
é Oil type 49 17.58 9.53 2 40
1 Port
u
e traffic 46 14.08 9.07 5 30
n
C Geomorp
y S hologic 37 8.28 7.73 3 30
nment
Wether
condition 42 9.36 7.39 5 30
etc. etc. 6 1.70 6.29 5 40
- 46 -
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Table 10. The point of consequence subtlety
Rl Sub Subtlet Num.of | Average | Standard sl\c/[(i)?é Max.
factor Y 1 select score deviation (except 0) score
Fishery 51 20.06 9.14 10 50
Eco Aqua
nomic | culture 52 27.26 10.12 10 60
C Tourism 38 7.47 6.39 1 20
0
n Coast .
S activity Recreation 50 11.92 7.65 1 30
e
q | Port 37 7.08 6.91 3 30
u Facili
€ ties .
fcl Industrial 40 7.92 6.32 2 20
e
Garnet
Enviro | colony 44 7.91 5.49 2 25
NNt | \Marine
.32 .22 2
sanctuary 38 7.3 6 3 0
etc. etc. 3 0.57 2.51 10 15
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Table 11. Frequency’s basic argument

Variable Basic argument Note
. The number of total oil spill
Total accident accident
Accident Large oil spill
; The number of oil spill accident
potegéghgfrissels caused by tanker
The number of accident more then
Large scale 1,000k spills
Spilled - The number of accident from 100
amount Middle scale ke to 1,000ke spills
The number of accident less then
Small scale 100k spills
Oil tvpe Persistent oil spill The number of oil spill accident
yp accident based on crude oil, heavy oil
: The number = of wvessel entry/
Total port traffic departure
Port traffic = 5
Large oil spill The  number of cargo ship,
potential vessels container  ship(full/semi),  tanker
port traffic entry/departure cargo/container

AlaEF g9l

% Aba7d(Total oil spill accident, TA)S 71Eo]

Aol A

2 Aaas

e & AunAR gFRE AT A

Hol WAZFo YAH ALZA AL
Aol A @sh ol 2 AelA
o
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EFfE 7HsAu A A0l spill accident of large oil spill potential
vessels, PA)2 & o] Atng Qlsf kel Z|EfFE°] 7FeAol =2
243 = 717 TEFEALEA AtRY O S f Aol Al
aEo] FAGFo] AAE ALY X E FHoft] AME AuHS ¢
ste] 21 () o] ZF Ao HAZ F2d D =M 7% 715

ZA1 Aoz 2=Hu

FEF 8202 U - T8 - &% A HoE A= = A
1 A(Large oil spill accident, LS)2 1,000kee] 42l 71&°] =5 IA
Aol AaEo] WA|Z-Fo] AAIE AL EAl ARLL XS Tpofate] ZF A
HE A S FAS A (D} 2o Zh Aol A B 1,000ke°1% 715

FEA A A, T 7= AAadMidium oil spill accident, MS)-& 2] (5)
o zFo] 100keo]/d 1,000ke ®IRF ZlEF=Ata A A, &LFF= Ard
(Small oil spill accident, SS)2 4] (6)3} o] 100ke PIRF 7| EFEA A
Ao w AHE3th

LS=1V, (4)

MS= V,, (5)

SS= Vs (6)
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-V, = 1000k °]¥ Z]E7& Al -
- Vi = 100ke°] 8 1,000kl P]7F 7] E25& And 5=

[e)
o
- Vg = 100k¢ P]%F 2] ES7& A2y

T 802 AEA 7ES FEAZ AL Aoz 4hEHT. A&
= Ab22A(OIl spill accident of persistent oil, PO)S 96, S
7 FEEHE A slEAEE A AlanEo WA Fo] AAE ALLZA]

A3 $IAE shobate] MR AnAe @Al A 73 o] 7 A

of
oft
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ofy

(Total port-traffic of the port, TP)& 2] (8)3} Zo] &vtS =
e 7 Ao Y& FTHoE AEHY, HERE Jtedd Y
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Table 12. Frequency’s basic argument average

Accident Spilled amount Ql type Port traffic
Year
I II I v v VI VI il

2004 3.637 2.857 3.626 - 1.000 2429 | 15621 7,547
2005 3.835 2.435 3.835 - - 2125 | 15671 7,705
2006 3.68 2.636 3.667 - - 1967 | 16,027 7,880
2007 4434 3.608 4.480 - 1.000 2225 | 16,717 8,150
2008 3.686 2.737 3.725 1.000 - 2808 | 17,418 8,045
2009 3.675 2.600 3.675 - £ 2212 | 16458 7,955
2010 3.560 2429 3.589 1.000 - 2036 | 16,767 8,39
2011 3.469 2.333 3.457 1.000 - 2.083 | 16,670 8,434
2012 3.507 2.889 3493 1.000 £ 2.25 | 16,420 8,182
2013 3.465 181 3.486 1.000 y 1821 | 16,230 8,090
2014 3.281 2.500 3.361 1.000 - 2.231 | 15401 7,636
2015 2.988 2.588 3.012 1.000 - 2.208 | 15,808 8,068
*1: Total accident

II: Large oil spill potential vessels accident

I: Small oil spill

IV: Middle oil spill

V: Large oil spill

VI: Persistent oil accident

VII: Total traffic

VII: Large oil spill potential vessels traffic

Colle

&

ion @ Kmou

_55_




Table 13. Frequency’s basic argument standard deviation

Accident Spilled amount Ql type Port traffic
Year
[ I I v v Vi Vil VI

2004 4.377 1.714 1.926 - 0.027 1.313 3,957 1,905
2005 2.566 0.993 2428 - - 1.260 3,951 1914
2006 3.984 1.152 1.741 - - 0.938 3,646 1,934
2007 2.165 1814 2.258 - 0.027 1232 3,764 1,987
2008 2.263 1.3%5 2.2714 0.027 - 1.816 4,023 1,952
2009 3432 1.139 1.524 - 7 1.396 3,628 1,939
2010 3.962 1234 1758 0.027 - 1.258 3,772 2,079
2011 3.456 1.231 1.530 0.027 - 0.864 3,687 2,114
2012 3.965 2.043 1.728 0.027 = 1.146 3,647 2,061
2013 3.914 0.841 1707 0.038 N 0.879 3,593 2,056
2014 3.231 1.108 1.384 0.060 - 1.046 3,527 2,010
2015 3.303 1.098 1.455 0.027 - 1.101 3,623 2,127
*1: Total accident

I: Large oil spill potential vessels accident

[: Small oil spill

IV: Middle oil spill

V: Large oil spill

VI: Persistent oil accident

VII: Total traffic

VII: Large oil spill potential vessels traffic
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) 828 FHEF A&
QAEMAT o] JxdsE 1 A g ]9 adow BF
] AR (Accident quantity, AQ 8.1 2 (1D} Zo] FAIZA(TAH

QEFrE 7HeA AAAPAS] Aeddto® AEdT 11 9 /FEF

rlo

(Spilled oil volume, SO)&<!, +=(Oil type, OT)L<¢l, E&=F(Port traffic
of the port, PI&RIE WHIE9 4ed#S T3l 2 (12), (13), 149} #2

o] adHTgE AT

ag=141A (11)
50 LOT MO+ 50 12
OT= AP (13)
pr=12*CP (14)

714 AFLT 99W ZQT = Table 149} 7ol 4717 918899 Zaw
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Table 14. Variable weight of frequency analysis

Variable Accident Spilled amount Oil type Port traffic
(wl) (WQ) (ILUJ) (w4)
Weight 0.2980 0.2962 0.2253 0.1805
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159} ro] 200658 20156744 Ao 2 A Hgre AR

Table 15. Max./Min. target value of frequency analysis(2006-2015)

Year Max. Min. Year Max. Min.

2006 30.95234 - 4.26992 2011 25.82941 - 4.43730
2007 30.95234 - 4.26790 2012 29.80518 - 4.43730
2008 32.22402 - 4.26405 2013 30.75919 - 4.43730
2009 32.22402 - 4.31365 2014 30.75919 - 4.40018
2010 32.22402 - 4.31365 2015 30.75919 - 4.38068
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Target(max) -z
Target(max)— Traget(min)

OSF = ( > 100) (16)

OSF = 7] E/7&At AAuPlE 93
Target(max) = FHoj 2 9/%4
Target(min) = &z 227

z;, = fFe LA

AnRE AFgke Table 163 o] Ax¥Z HA 7470004 A 917
9] oA HA 7454HFE H 87.86H 0.2 A=ZE 9T}
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Table 16. Max./Min./Average data by sea area(2006-2015)

2006 | 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015

max. | 899 | 89.97 | 90.31 | 8958 | 8922 | 87.77 | 89.16 | 8946 | 89.57 | 89.60

average | 83.15 | 8815 | 8357 | 8344 | 8840 | &.67 | 87.29 | 87.64 | 87.84 | 87.83

min. 70.32 | 74% | 7413 | 76.22 | 7581 | 7174 | 7285 | 7360 | 77.57 | 7491

3
<]
3

78 91 83 75 74 69 3

of cell

™, 88.5% A 907 39.64%, 86X 74H 7.37%, 647 °l3tet 90 o]
2 0.38%= UFEFRETE 20063 F-E 20159714 10d7F F2 dlolE(Fig. 11
o A= 21270 oA ARIE= AT e ow, 8473 o]t Alo]
83.49%% A Ftt.

&0

Fig. 11. Frequency risk by sea area
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Yz REsin Qo 1043 FAClEE BAsM sadt) olsie] 9

AEE ZE dofo] ol UYehlid ot B4 sdddx A&Holx o

Al S ARy EAshY] miEel Ao R Akt
Table 17. Frequency analysis 5Slevel
Level Frequency Risk Lv. Risk Point Color
Minimum 1-1 0=f<14
Minimum 1-2 14<£<24
Gradation
1 Rare Minimum 1-3 24<f<44
in yellow
Minimum 1-4 44 <<64
Minimum 1-5 64 <1<74
2 Unlikely Min.~Aver. 74<1<86 Blue
3 Possible Average 86=1<88.5 Green
4 Likely Aver.~Max. 88.5<1<90 Red
5 Very likely Maximum 90=f Black
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3.3.3 Al d 34 (Consequence analysis)

AnATe NEHEALE A BYHE ANFREADNE 72
2 AWHOE vl HuL A HHlY, FAold, 54, Fu
FEYUA G Andse] 25 APt B4 LA

DR ES RS R

sl AnARE SR A8l Andste AP Y U AR
b AEES AABFLACIY, FAY, BFDe] 54798, AL BHE)
) 9 AY@E, JATH o] 20887, FHLAEFANA, 3

FERZFA)o] 11.714, 7Ief8glo] 25180 = o gjle F85+ A

Table 18. Consequence’s basic argument

Variable Basic argument Note
: National and local port fishing
Fishery industry production by sea area
Economic
_ Aquaculture production based on
Aqua-culture size(ha) by sea area
Coast adtivity Recreation ggg(:h amount of consumption in
Total amount of import and export
Facilities Port by port
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Table 19. Consequence’s basic argument average and standard deviation

Average Standard deviation
Year A1m Aqe
Riday Qe Bach Rat Hisery aite Beacth Rat

2004 290 | 8L | 61 | 2B | 1U3B | S@AZB | AOH0 | 6342

2005 2730 | 9583173 6198 | 1821619 10366 | 58030 X0 | 488007

2006 210 | 102529 6188 | 16316988 10138 | 6218209 DX | 67702

2007 268 | 1,357 6198 | 1908220 10537 | 691580 O%0 | 662194

2008 2008 | 4707 6198 | 2350180 1208 | 3314173 0%0 | 760998

2009 52 | 130442 6198 | 19631334 14230 8143577 A% | SB0PL

2010 2871 | 128621 6L | 4630763 L28 | 76006 DR | TTASB

2011 I3 | 12664206 6L | 232D 1878 | 7381472 O%0 | 93465

2012 3L | 708012 6L98 | 856D 16312 | 55L60 OH0 | 93BEN

2013 342 | 122076 61988 | 47438 14| | 7319 R0 | 92280

2014 377 | 13618756 61983 | NI2H 14213 | 81132 A0 | 96161

2015 3L112 | 1224494 6L | H,00062 1373 | 72083 X0 | 857473

o 8ddA# A=
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Table 20. Variable weight of consequence analysis

% Yire
G4/ Y Y

A HBE o)A A

AHg
Weight

Variable
Total value = wy X FP + wy X AP+ wy X CB + wy X TV

- FP
- AP

[e)

=

eh HEH ATE AT Fxg A4A

g4 7.654,

}

u
-

i

ool
N
22

e
B
i)

ol

Np

—_—

oy

B 1007}%] ¢

T

=]

3l 0

d7bsde Ao dddow A&

=
=

w9 4758

1:1_111
o 4

b1 9

J]

s
—a

oo

=

o}
3r

=3
1o

_69_

Collection @ kmou



Table 21. Max./Min. target value of consequence analysis(2006-2015)

Year Max. Min. Year Max. Min.

2006 28.67568 | - 3.75970 2011 27.92770 | - 3.37993
2007 28.67568 | - 3.75970 2012 27.78750 | - 3.37993
2008 28.67568 | - 3.06652 2013 26.53679 | - 3.37993
2009 28.66315 | - 3.30683 2014 26.97344 | - 3.19984
2010 27.92770 | - 3.30683 2015 28.95396 | - 3.19984

o A Axg 4E
AQE 2wty 428 Hd 2 A QAR WY oA Wi
AeE 2Q0WAE oles AE AnARE 4 229 go] HEIT: 1

A1 4EE ALAFE o] 252 =S B

f

Target(max) — x;

0SC = ( > 100) (22)

Target(max)— Traget(min)

- OSC = 7| &4 &/ A7 9 F 5=
- Target(max) = FHoj FZ#
- Target(min) = FH % EH3Zzt

- =AY 2R

A A3 AFzES Table 299} o] AxHEE HA 1557914 A 156
e ol H4 74304 EE Ho) 92208 08 AEH Y

_70_

Collection @ kmou



Table 22. Max./Min./Average data of consequence by sea area(2006-2015)

2006 | 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015

max. | 9049 | 9048 | 9218 | 9172 | 9L62 | 9141 | 90.84 | 9L01 | 9166 | 92.20

average | 88.64 | 8863 | 90.56 | 89.89 | 89.64 | 89.42 | 89.37 | 8894 | 89.63 | 90.25

min. 7649 | 76.90 | 7481 | 7718 | 75.80 | 7474 | 7430 | 75.93 | 76.98 | 7897

%%alété%] 155 | 155 | 155 | 155 | 155 | 155 | 156 | 156 | 156 | 156

D Azndst AdeA 44

Al A 9z dAxd Ryx S BH Fig 149 #o] 89F A 913
S Jehd Ado] i 8027 E 7H B 5226%E5 Ao, 91H A
9274 21.29%, 86 lAl 89H 20.65%, 66X 4 8673 581%= ‘tEbniTt.
20063 F-E] 201597k 107 & dlo]E|(Fig. 149 A= 15570 A
A AnAe] AP =7F YET

140

289

2006 2007 2008 2008 —2010 2011 —2012 —2013 —2014 —2015 == Total

Fig. 14. Consequence risk by sea area
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Table 23. Consequence analysis level 5
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Level Consequence Risk Lv. Risk Point Color
Minimum 1-1 0Kf<16
Minimum 1-2 16<f <26
Gradation
1 Insignificant Minimum 1-3 26<f <46
in yellow
Minimum 1-4 46<f <66
Minimum 1-5 66<f <86
2 Minor Min.~Aver. 86<f <89 Blue
3 Moderate Average 89<f <91 Green
4 Major Aver.~Max. 91K <92 Red
5 Extreme Maximum 92<f<100 Black
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Table 24. Oil spill risk level

Level Risk Color
1 Insignificant Responsg force : local Blue
Support : needlessness
9 Minor Responsg forcg : lo;al Green
Support : consideration
3 Moderate Responsg force : local Orange
Support : need
4 Major Responsg force : ;eglonal Red
Support : necessariness
5 Extreme Responsg force : Natlonal Black
Support : necessariness
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Fig. 18. Oil spill risk matrix(2006-2015)
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1) User Interface A7

JF=Fol= 78k ~utEZ|7]o FREE HWEEAJHOEHN JtE 11
dPgo R slHo] FAHAT 2006158 201587k e APA=E Al
3}sted Android 5.1¥ A (Lollipop)e AH&3t= ofo]ub] tablet XD10 duoX

g9 B3 o] YA QI F =2 AA Y

= = A=

&

2R o ofo]ZL Huls 1H
2 HALAZAT Z2IAS AL getEd
< Table 25¢} o] T4t

b A 8T S+ A=

Hom a3 670 ofolE

ol

i)

ANMEL A= ARdAE BASL, ARHEL 270002 253}
A FEE ADEAE EARDL 2 WES HGT 5 UE A=W E]

AoH, AAAA = ofEFAclA AHEAS] YXE el FAIGH
3t ¢] zoom in-outAl HAEHRA7F AAEHUS o] FAEH WY =S
WAEk . YAk HES B XsH North upe.2 A =wtako] e 3
el FAIE BEE HES B YdHo] Jhest, E7ketE AE

3+ two finger zoom, two finger rotateoll oJsf A =<9 &, =4, IJA

¢

9 gcroll7] 0] 758k

Table 25. Icon in the program

No Icon Description

1 Location Accident location by year

2 Grid Grid indicate

3 Year Selection by year

4 User location Location of user

5 Compass North up view

6 Finger touch two finger zoom and rotate
- 80 -

Collection @ kmou



343 3 HE SFE &4

b AE FER A
Fig. 203 Zo] 1A, H&, =ik, By, 4k 7 93 @
qoz P M3 59 3565 olF e FEF e vid
o7 Aufgel e Folevel H7F Bad oz A, HH
BE o e A4E YdLevel Do) Ye e et on
FH 9= AAlevel 3) FFo Aol e HFoZ YERT
1 EXAAYe] 23E oAM= Alae A PAT, Add 8
fNe A= vEsh
:':ér‘ ' :i-! ‘,“;z{f. L -
X = L P Y | v
Tyt B i ",‘:} t;.r / iy
I v -
0 [ A8 o "{u_ft
1 ™ - .1 o Wl .«:-II 'r'
N 10 1
1 0w ' ] :
10 4 &l 10 ')
1} 10 | 10 ““.-
- ‘-q.—_
10 | o4 | o4 i I.d , 3 >
it
10 7 ﬂ
H
i
8 | S
i ] 10 | o'lgt
10 | 10 r"“r"'.‘

Fig. 20. Mid-north west sea of oil spill risk(2006-2015)
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Table 26. Maximum probable spill amount by region

(Unit: k1)
Area Max. Area Max. Area Max.
Incheon 8,500 Wando 600 Busan 10,000
Daesan - Taean
- Pyoungtack 45,000 Yeosu 45,000 Ulsan 45,000
Gunsan 3,800 Jeju 800 Pohang 800
Donghae -
Mokpo 8,500 | Tongyoung 1,700 Sokcho 500

* resource : KCG(2009)
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Table 27. Risk category
Category Feature

LH Low frequency and High consequence

HH High frequency and High consequence

HL High frequency and Low consequence

LL Low frequency and Low consequence

MM Middle frequency and consequence
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Table 283 %ol 10GAIE 03 oA

5HA7MA 05882 H#53tA T3t

gy @A Haee AiAE] @2 obyH, 2.08(25) el 4050
) HET 50% 2 A= ofrle ofyn.

e FUE FAY AEAE 2 sdel A Vehd A= e 9
A= f&ol wet Asstel FRFE ALY AFE U T BRI
o 4 2003 o] AETH.

Cx
RPW = 2(Cxn) (26)
N

- RPW . ¥ = FAF 7FEA

-C.A¥=ERY FF

-n: AIESY 7

-N:H#9EY & IFE &

Table 28. Risk potential weight
Ap| Clor | A|B|C|D|/E|F| G|H|1]|]J .
e @ | Point | RPW
Risk | 0.5] 1.0 1.5 2.0/ 25| 3.0/ 3.5| 4.0 45| 5.0

Wl |Incheon | 6 | 1| 5| -| -| 1| 6| -] -] -|19 | 1873104

W2 | Daesan | 7| 1| 5| -] 1| 2| 8| -| -| - 24| 2023357

W3 | Gunsan | 5| -| 8| -| 1| 1| 7| -] 1| -|23]213]3539

S1 | Mokpo 6| 3|12 - -1 29 -] -] -1]32]192] 3151

S2| Wando | 2| 6| 4| -| - 1| 2| -] -] -]15 ] 153 2514

S3| Yeosu | 8| 7|6 | 1| -] 16| -] -] -1]29]159 2601
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g Cdor | A|B| C|D|E|F|G|H|  1]|1I S R
Risk | 05| 1.0 15| 2.0| 25| 3.0| 3.5| 4.0 4.5 5.0
S4 | Jeju | 16| 4| 2| -| -| 3/ 1| -] -| -] 2 | 106 | 17.34
El yTo%%gg 70102 - -3 - -] -] -|13 127 1971
E2 | Busan 7V21 1 - -] -] -]-1] -] -1]101]0.70]10.87
E3| Usan | 3 2 - -1 1] -| -] - -] 7121|1885
E4 | Pohang | 3| -| 3| -| - 2| 2 - -| - |10 | 190 | 29.50
E5 Donghae | 13| 3| 6| - | - | 3| 3| - - | - | 28 | 1.36 | 21.07

*A : Light blue, B : Blue, C : Dark blue, D : Yellow green, E : Green,

H : Red, I : Gray, J : Black

5
A 9dx FEel w2t dAsa o

, F : Orange, G : Pink,

=45t

-
of

Table 29. Marine response resource consideration item based on oil spill risk

Item Response Note
Risk level Risk category(Lv.5)
Recovery volume on sea 15,000k 45,000 X 15
Working day 3
Working hour per day 8

Rate Efficiency coefficient (0.2)
Oil
) Behavior rate 0.33
skimmer
Number of deployment | Separately

Oil boom

Marine response X2.5+0.5

Temporary storage

Recovery volume per day x2

Collection @ kmou
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Table 30. Regional division of ports

Tongyoung, Masan, Busan, Ulsan, Pohang, Donghae, Sokcho
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ATR 100 (27)
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Fig. 33. Risk category of west
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Ao d= FAZ 7FEA(Risk potential weight)ES 118 3te] Table
F2 W1 2,328ke, W2 2,518ke, W3 2,654ke=

ARtk aga YANAFE I 223 (nd)S 5,000kE AHEEHA, B
3] 71 83T 39 IFote &I AN dANALRAE 3

_ﬂ_
T8 NEH A FARAERFE 4N AKHA 5" 7ES AR
<

AsE HFE=22 45000k 2 L + 9=
100%S 1# 3t W1 23,279m, W2 25,178m, W3 26,543m= wj &) T},

Table 31. Required on-water response equipments in West region

Temporary
Max. Recovery | Recovery 3
Area spilled planning capacity Ol (Egom CS;OI;%G
volume volume (k) acity
(m)
Incheon(W1) 8,500 2,833 2,328 23,279 1,552

Daeasn - Taean -

Pyoungtack(W2) 45,000 15,000 2,518 25,178 1,679
Gunsan(W3) 3,800 1,267 2,654 26,543 1,770
Sum(Max.) (45,000) (15,000) 7,500 75,000 5,000

2) 234

532, 945, AF, AF - AAEZE FEHE HEHES A5 dfiHelA
45,000kl o HOlF=Fo] A=HULL, °olE 72T AYVIEI A F
15,000k 2 UEbgth #3857 J1SH5gRe Ay &g &35
2870 7,500ke2 el 7 E3 A" 15,000k 50%0l f 35t

M, U4mA 50%e oAE 2 dAY A9 Ade Tolof Ik

SEERE R A

B

Hresdoze o 9o &d &2 &2
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e = #FHAA 7FsA(Risk potential weight)E 3183t Table
329} o] {3 7] IFE&FS S1 2,363ke, S2 1,886ke, S3 1,951ke, S4
1,301ke® A&t 283 JAAGEA 227 ) 5000kez A&
AN, A F3F7] 7153 FEEFS 3L FFste EFo)AT JAA
FRAE 38 7I15H I AAEESGTE 24AT ASSA 3 7
e AR F de 1d Farlgds&ded Aok 20E ARZE &+ 3
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gala o6
100%=

19,505m, S4 13,006m= Hj&ght}.

=22 45,000k & &

sty S1 23,633m, S2 18,855m, S3

PN
T AEE

Table 32. Required on-water response equipments in South region

Temporary
: Recovery Recovery :
Max. spilled 3 3 Oil boom storage
Area planning capacity :
volume volume (k) (m) caa&:fc)lty
Mokpo(S1) 8,500 2,833 2,363 23,633 1,576
Wando(S2) 600 200 1,886 18,855 1,257
Yeosu(S3) 45,000 15,000 1,951 19,505 1,300
Jeju,
SeawipoS) 800 267 1,301 13,006 867
Sum(Max.) (45,000) (15,000 7,500 75,000 5,000
3 34

| ol A 45,000kee] HU-FE=Ho] AZEHA, o= 7| %3 YAV EF 5
ALY ZFL 15,000 =2 YebGT. F3 7] 7§38 A9 s7E
A 7,500z = 3] 15,000ke2] 50%¢°l 3}

sl a7 E3 A" F
= o8 2 98 99
A VBT EFS AUFEFoLEE 4 Y
ok, Fig. 359} #o] 7 a
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A 7 AEF vt E1 985m E2 543mi, E3 943ni, E4 1,475nd, E5
= 45,000keE
& 100%E iedsted E1 14,780m, E2

1,054m &2 4k

o8 2= 9
s =+

8,151m, E3 14,140m, E4 22,125m, E5 15,804m= H} &

3k oY
AT E F|A7

=]
=3
=

=

28 %Hm
s 2

)& B Hohf

3k,

Table 33. Required on-water response equipments in East region

Collection @ kmou

Temporary
Area Max. spilled PI{)clecoyery %Z;%Ziryy Oil boom storage
volume voeulumn T elg (K1) (m) capa3(:1ty
(m)
Tongyoung
- Masan(ED 1,600 533 1,478 14,780 985
Busan(E2) 10,000 3,333 815 8,151 543
Ulsan(E3) 45,000 15,000 1,414 14,140 943
Pohabg(E4) 800 267 2,213 22,125 1,475
Donghae - S
okcho(E5) 500 167 1,580 15,804 1,054
Sum(Max.) (45,000) (15,000) 7,500 75,000 5,000
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Marine response decision
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Qil spill accident case analysis

Accident Weather = Operation
. B On site Response :
overview condition equipment
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Fig. 40. Evaluation process
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Table 34. Evaluation variable

Accident Weather Earliest Operation
overview condition arrival on site Hesgpnse equipment
* Area » Weather |+ Vessel » Vessel » Dayl
- Vessel <O S Outport ¢ Outport o Day2
S|+ Oi « Required |+ Required |+ Day3
% « Spilled time time
® volume « Response |« Response
e (Cause
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Fig. 41. Qil spill accident case
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Fig. 42. Case 1 navigation chart

*resource: MMAF(2015)
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Fig. 43. Oil spill case 1 area
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Fig. 44. Case II navigation chart

*resource: MMAF(2015)
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Fig. 45. Oil spill case 2 area
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Oil spill accident casell &% 36.4 °olA 36.6 °, 57 126.0 °oll A

126.2 °ol HAF T EREA AAES 23 9o =M Fig. 463 2

Fig. 46. Case Tl navigation chart
*resource: MMAF(2015)
A= F3L Fig 473 Zo] AT PL AT AnARede

=< LHR &9 sfgoitt.

B / i v
[ { .

Fig. 47. Oil spill case 3 area
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Fig. 48. Case IV navigation chart

*resource: MMAF(2015)
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Fig. 49. Oil spill case 4 area
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Table 36. Comparison of On-water recovery capacity between Existing
and New Model

Region 3 Recovery - volume(k]) Note

Existing model (A) New model (B) (B-A)
Incheon 2,833 2,328 -505
West Pygﬁ‘gg{;ek 3.400 2,518 882
Gunsan 1,267 2,654 1,387
Sum 7,500 7,500 0
Mokpo 2,833 2,363 -470
Wando 200 1,886 1,686
South Yeosu 4,200 1,951 -2,249
Jeju, Seogwipo 267 1,300 1,033
Sum 7,500 7,500 0
%ﬁg%";g’ 533 1478 945
Busan 3,333 815 -2,518
Ulsan 3,200 1,414 -1,786

East
Pohang 267 2,213 1,946
Donghae, 167 1,580 1,413
Sum 7,500 7,500 0
Total 22,500 22,500 0
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Fig. 50. Cumulative recovery capacity of case 1
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Fig. 51. Cumulative recovery capacity of case 2
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Fig. 52. Cumulative recovery capacity of case 3
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Fig. 53. Cumulative recovery capacity of case 4
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Table 37. Oil spill response mobilization by cases I ~III

Case Hour <6 <12 <18 <24
. Amount(kl) 6,233 7,500 10,533 15,000
Existing
C model
a Percent(%) 41.6 50.0 70.2 (32Hr)
s
e Amount(kl) 4,846 7,500 11,749 15,000
I New
model | percent(%) 32.3 50.0 783 | (32HD)
L. Amount(kl) 6,533 7,333 12,167 15,000
Existing
C model
a Percent(%) 43.6 48.9 81.1 (27Hr)
s
e Amount(kl) 2,229 5,920 12,637 15,000
I New
model | b cent(%) 14.9 39.5 842 |  (27HD
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C model
a Percent(%) 22.7 311 70.2 (36Hr)
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e Amount(kl) 2,518 5,172 11,749 15,000
il New
model | pecent(%) 16.8 345 783 |  (36HD)
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Table 38. Oil spill response mobilization by cases IV

Case Hour <6 <12 <18
o | Existing | Amouni(k) 4,200 4,667 7,500
a model Percent(%) 56.0 62.2 (15Hr)
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e Amount(kl) 1,951 5,137 7,500
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Percent(%) 26.0 68.5 (15Hr)
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