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Development of Optimum Deployment Model for Marine Spill
Response Equipments based on Marine Environmental Hazard

MINJAE HA

Department of Coast Guard Studies

Graduate School of Korea Maritime and Ocean University

Abstract

Regional o1l recovery capacity in Korea is set to cover maximum marine
o1l spill accident. Current criterion for regional oil recovery capacity
1s designed based on regional maximum oil spill accident, which was set
with probable max. spill amount, historical data, and mobilization time
of response equipments to the scene of the spill. But there is the need
to consider environmental impacts when setting up the criterion because
the goal of response is to minimize the environmental damage and to
recover the nature as soon as possible.

In this study, the need to consider environmental impacts after marine
o1l spill accident 1s suggested to respond rapidly in sensitive area &
expected area of damage. The goal of this study is to develop the optimum
deployment model for marine spill response equipments on the basis of
regional degree of marine environmental hazard.

There are two kinds of oil spill response. One is oil recovery on
water, the other is shoreline cleanup. Oil recovery on water is preferred
to shoreline cleanup because of 1ts low Iimpact on the environment.

Mechanical recovery, one of the methods of oil recovery on water, 1S now



the most effective method and widely used in the world. Although there
are a few defects of mechanical recovery method, it is environmentally
sound way to respond oil spill accident. For this reason, major marine
developed countries, such as USA, Canada, Japan and Republic of Korea,
adopt mechanical recovery method as their oil recovery capacity
criterion.

The criteria for oil recovery capacity of USA, Canada, Japan and
Republic of Korea are set by considering the factors about the causes of
accident without consideration of factors about environmental impacts
after accident occurred. So, the criteria need to be improved by applying
the factors about environmental impacts to minimize damages from o1l
spill accident.

Optimum deployment model for marine spill response equipments
(Hazard-Based Model ; HBD Model) is developed based on regional marine
environmental degree of hazard. The development process of HBD Model 1is
as follows. First of all, 7 marine environmental hazard items are
established and regional states of 7 items are surveyed. And the results
of surveys are normalized to be used for AHP calculation. The weighted
values of 7 items are calculated by Analysis Hierarchy Process. Then
regional degrees of hazard are calculated by mixing the normalization
results and the weighted values of 7 items. Oil recovery capacity of
7,500ke, which is set for each area based on current criterion, is
distributed and deployed depending on the regional degree of hazard.
There are some differences between the regional amount of HBD model and
the regional amount of current criterion for regional oil recovery
capacity.

The simulations to mobilize regional marine spill response equipments

are carried out to apply and evaluate HBD model. There are two kinds of

_Xi_



simulations. One 1s response simulation for maximum oil spill accident,
the other is response simulation for Hebei Spirit oil spill accident.
Response simulation for maximum oil spill accident 1s carried out to
verify whether HBD Model satisfies current criterion or not. The
evaluation by comparing the stockpile of oil spill response equipments
in 2007 and HBD model 1is also carried out. As a result of the
simulations, HBD Model meets the requirements for all situations.
Therefore HBD Model is verified as practicable.

HBD Model is expected to contribute to the advancement of marine oil
spill response field if it is reflected in the policy making process
because HBD model can improve efficiency of restoration by minimizing
environmental damages from o1l spill accident. There i1s the need to

upgrade HBD Model by reflecting additional items to HBD Model.
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Table 1.1 Major marine oil spill accidents in Korea

Pollutant | Type of ship  ~ GRT Date Place Spillage(k?)
Sea Prince Tanker 144,567 | 1995.723. | Yeosu (*uijcfiétlss
No.l Yuil-ho Tanker 1,591 1995.9.21. Busan Bunker-C 2,392
Honam Sapire Tanker 142,448 | 1995.11.17. Yeosu Crude oil 1,402
No.3 Osung Tanker 786 1997.4.3. | Tongyeong| Bunker-C 1,699
Jungyang-ho Tanker 4,061 2003.12.31. Yeosu Bunker-C 623.3
Hebei Spirit Tanker 146,848 | 2007.12.7. Taean | Crude oil 12,547
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Background
oil Spill Response - . Review of Qil Spill , Oil Spill Response
Technique ) Response Equipments Equipments

!

[ Review of Current Criteria ]

for Qil Recovery Capacity

Analysis of Criteria | y Comparison of each
_ (USA, Canada, Japan, Korea) ' _ Countries’ Criteria

Development of Hazard-Based ]
Deployment Model(HBD model)

__' Regional Stateof |

7 Items |
v I—Setting of Regional Oil
Weighted Value . Recovery Capacity
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[ Application & Assessment of J
HBD Model
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Concluding
Remarks

Fig. 1.1 Flowchart of the study
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Table 2.1 Type of Shoreline Classification in Korea

ESI No. Shoreline Classification

* Exposed rocky cliffs
1 * Exposed solid man-made structure
* Exposed rocky banks

* Exposed bedrock
2 * Boulder talus base
* Exposed scraps and steep slopes in clay

* Fine-grained sand beaches

3 * Scraps and steep slopes in sand

4 * Coarse-grained sand beaches

5 * Mixed sand and gravel beaches

6-A * Gravel beaches
* Gravel beaches(granules and pebbles)

6-B * Permeable riprap

7 * Sheltered scrap in bedrock, mud or clay
* Sheltered rocky shores

8-A * Mud flat

8-B * Salt marsh
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ThFig. 2.1). =84 WHde 7249l o AA, I35, 7144 8,
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Table 2.2} 7t}

Natural
Recovery

Physical
Method

Shoreline
Cleanup

Chemical &
Biological
Method

Wash

Removal

Burning

Fig. 2.1 Methods of Shoreline Cleanup

Table 2.2 Shoreline cleanup methods

Method Objective and description Applicable habitat types
- The most general shoreline cleanup |_ Ay| habitat types
method P - Areas with difficult access with
RManual - %enaoval al(()f surlgacelollbusi?g[ gloved machine
ecovery ands, rakes, shovels, buckets, scrapers,
sorbents, pitchforks, etc., and placng)g - %}enerate less waste and can
in containers ocus only on contaminated areas
Natural No atctipn is ftakel}[, alf[hq{u h All habitat ¢
monitoring of contaminated areas abita es
TCCOVETY  Imay be r%quired P
- Small and portable unit(beach
Removing liquid oil stranded on cleaners)
Vacuum coasts and inside riprap using - Vacyum trucks are appropriate
vacuum units to dlspoae oil collected and
recovere
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Table 2.2 Shoreline cleanup methods(Continued)

Method Objective and description Applicable habitat types
Oil andd oiled sedin%lents alre cqllecte(tl an;i -gléigglgltspgﬁgﬂt)}gﬂfv l;ggl\l/g{)lgugace
: removed using mechanical equipment no : ol
N{{eecllgl%lggfd specifically degsigned for poll%tign _%12)(1 gﬁgislselrblg dbgﬂ hﬁ;\e]ﬁ ?gulpment
response, such as backhoes, graders, sheltered ar%as where. oil
bulldozers, dredges, draglines, etc. accumulates
The oiled sediments are roto-tilled, disked,
Sediment gcrlu?f)lrlgen&lsgrnﬁggﬁﬂa}lsggésmmhamcal On any sedimentary substrate that can
re/vTvi(iﬂggg Along beaches, oiled sediments may also be IS]%}’) lcnaﬁmhgzﬁcgﬁlﬁ?gmpmmt or foot

pushed to the water's edge to ce natural
cleanup by wave activity (surf washing).

Low-pressure,
ambient-water

Ambient-temg)era_ture water is sprayed at low
gressures(<‘1 psi), usually from hand-held
oses, to lift oil Trom the substrate and float

-On substrates, riprap, and solid,
man-made structures, where the oil is
still fluid.

flushing it to the water's edge for recovery by '{)lgm‘l’("eﬂands and along vegetated
; s where oil 1s trapped in
skimmers, vacuum, or sorbents. vegetation pp
High-pressure, Similar to low-pressure flushing, except that | On bedrock, man-made structures, and
amg%ﬁlﬁh\;v;ter water pressure }Os 100-1,000 p%i. C gravel substrates ’

Low-pressure,

Hot water (32~77°C) is sprayed with hoses at
low pressures to liquify and’lift il from the

On bedrock, and to gravel substrates,

hf(l)ltl_s‘lqiaéer substrate and float 1t to the water's edge for | and man-made structures
S recovery by skimmers, vacuums, or sorbents.
Hlﬁlgg)vrveastselére, Hot water is sprayed with hand-held wands at | Gravel substrates, bedrock, and
flushing pressures greater 100 psi. man-made structures

Steam cleaning

Steam or very hot water is sprayed with
hand-held wands at high pressures (>2,000 psi).

Man-made stuctures such as seawalls
and riprap

Sand blasting

Use of sandblasting equipment to remove oil
from the substrate.

On heavily oiled bedrock, artificial
structures ‘such as seawalls and riprap

A perforated header pipe or hose is placed
above the oiled shore or bank.
Ambient-temperature water is pumped

All shoreline types where the

Flushing through the header pipe at low Plressure and | equipment_can’ be effectively deployed.
flows™ downslope to the water where any oil | Not effective in steep interfidal arcas
released is trapped by booms and recovered
by skimmers or other suitable equipment.

Bioremediation | Formulations containing specific hydrocarbon Insufficient information on impacts

-degrading microbes are added to the oiled area

or effectiveness of this method

In-Situ Burning

Oil is bumed when it is on a combustible ‘
substrate such as vegetation, logs, and other debris

On most habitats, except dry, mudd
substrates pt dry Y

Vegetation
cutting/removal

Oiled vegetation is cut with weed trimmers,
lades, efc., and picked or raked up and
bagged for disposal

Habitats comﬁ)osed of Veggtatiom such
as salt marsh, sea grass beds, and
kelp beds, which contain emergent,
herbaceous Ve§etat1on of floating,
aquatic vegetation
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Table 2.3 Advantages & disadvantages of oil spill response methods on water

Method Advantage Disadvantage
i _ . - High cost
Mechanical - Minimize environmental damage g -
Recovery - Variable efficiency
. N - Take a lot of manpower
Sorbent - Available for sensitive area P
- Generate wastes
- Rapid response
- Available under bad weather - Easy to permeate sediment
Di - Remove surface oil - Limited availability depending on
1spersant o il
- Reduce emulsification o1l type
- Increase area of oil surface for - Generate additional substance
natural dissolution
- High rate of oil 1 . S .
Ml.g ) rate ob o1 rentlog\;a - Limited availability depending on
. - vinimum equipmen MAaNpOWer | o] state & weather condition
st - High costefficiency - Possibility of fire
g - Easy combination with other -Local air contamination
method :
L . - Generate residue
- Minimize environmental damage
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Fig. 2.2 Common types of oil fence(Left-Fence type, Right-Curtain type)
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Deployment
place
Port
Shore
Ocean

Connection(cm)
60~80
80~150
more than 150

Zhaxel] whel A7 ¥l th(Table 2.4).

30~40
40~90
more than 90

Body(cm)

20~30
30~60

Height above water Depth below water
more than 60

Type

Table 2.4 Classification of oil fence depending on use
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Table 2.6 Equipments for Shoreline Cleanup

Classification Equipments Classification Equipments
Sorbent Working clothes
Chemical dispersant Shoes
Heavy equipment Mask
Transfer pump Glove
Major Power carrier Subsidiary Overshoes
material Beach cleaner material Scoop net
High pressure cleaner Hook
Low pressure cleaner Bowl
Sand gravel cleaner Bucket
Vacuum vehicle Cloth bag
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Table 3.1 Removal capacity planning table

Spill Nearshore/Inland .
Location /Great Lakes River Open Ocean Offshore
Sustainability
of on-water 4 days 3 days 10 days 6 days
oil recovery
% % % % % % % % % % % %
0il Grou Natural [Recovered| Oil | Natural |Recovered| Oil | Natural |Recovered| Oil | Natural |Recovered|  Oil
p Dissipa | Floating | on shore | Dissipa | Floating | on shore| Dissipa | Floating [on shore | Dissipa | Floating |on shore
-tion oil -tion oil -tion oil -tion oil
I
Non-persist | 80 20 10 80 10 10 100 / / 95 [5]* /
ent oils
it
Light 50 | 50 | 30 | 40 | 15 | 45 | 90 | 10 / 75 | 25 5
crudes and
fuels
I
Medium |50 | 50 | 5o | 20 | 15 | 65 |75 | 20 | [5]% | 60 | 40 | 20
crudes and
fuels
LY
Heavy
crudes 10 50 70 5 20 75 50 20 | [30]%| S50 40 30
/residual
fuels

%% Note : Percentage may not sum to 100 ;
* Included in table for continuity ; no planning required.

Table 3.2 Emulsification factors for petroleum oil cargo groups

reflects enhanced on-water recovery capacity

Oil type Emulsification factor
Non-persistent oil Group I 1.0
Group II 1.8
Persistent oil Group III 2.0
Group IV 1.4
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Mt a5l g JEHreRe 19 fE/lEHsew
(EDRC ; Effective Daily Recovery Capacity)o. 2 I A|3H, T2 2 (3.1)
EE 320 o8 7 5 3l

EDRC = T X 24 X 0'2 ................................................ (3'1)

o, EDRC : 1Y 38715 3] 58 F(bbls/day)
T : AZFE 7858 F(rate on name plate)
24 : 19 2 A 7H(hour)

0.2 : AEEFAEA7FAIRY A a3, olEAd T aLe)

Table 3.3 WA WAAR] sd&S detdl £=2, WA 3 8 3TA

Foll =

S Fate] 24 WD BAE (Tier 1, 2, 3) 31AEA 1

=
d Fa7]53 58 HEDRC)S T3k}

OSH

Table 3.3 On-water oil recovery resource mobilization factors

Area Tier 1 Tier 2 Tier 3
Rivers and Canals 0.30 0.40 0.60
Inland/Nearshore/

Great lakes 0.15 0.25 0.40
Offshore 0.10 0.165 0.21
Ocean 0.06 0.10 0.12
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Table 3.4 Discharge quantity & mobilization time according to Tier

Tier Discharge quantity(ton) Mobilization time(hr)
1 150 6
2 1,000 12
3 2,500 18
4 10,000 72

Table 3.5 Regional percentage of pollution response

On-water response(%)
Pollution location| Onshore response(%)
Sheltered sea Exposed sea

Point Tupper 40 40 20
Halifax 40 30 30
Quebec City 60 30 10
Vancouver 40 40 20
Montreal 70 30 0
Nanticoke 50 30 20
Holyrood 40 40 20
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Table 3.7 Regional expected maximum quantity of spill

Region Kind of spillage Max. quantity of spillage(k¥)
Incheon Crude oil 8,500
Daesan-Taean-Pyeongtaek Crude oil 45,000
Gunsan Bunker-C 3,800
Mokpo Crude oil 8,500
Wando Bunker-C 600
Yeosu Crude oil 45,000
Jeju:Seogwipo Bunker-C 800
ot man, sccent Crude o {0
Busan Bunker-C 10,000
Ulsan Crude oil 45,000
Pohang Bunker-C 800
Donghae-Sokcho Bunker-C 500

% Source : A Study on the method of calculation for Practical Oil Recovery

Capacity(KCG, 2009)
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Viarine pollutio Equ‘ip. of Equip. of Equip. of International
accident close area distantarea  cooperation
area (NOWPAP)

Start of
Operation

Fig. 3.3 Mobilization system of marine pollution response resources for

maximum marine pollution accident

(O KCG Station
o B B @ Major Port

Daesan P
area @) ¥ : Ulsan

Fig. 3.4 Mobilization diagram of marine pollution response resources for

maximum marine pollution accident(Daesan area)
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7t Ao

15,000k 2 EA Ao A A7 EF=

dYEE 7,500k0% WAfrsh= A

of o]sl] AitstdA
(Table 3.8).

odAAt A7 EFE=22 45,000k(0]aL o]

SR

Table 3.8 Estimated demand quantity of area oil recovery capacity on water

Estimated max. Qty.

Area of oil spill(D)

Qty. of oil recovery
on water((Dx 14)

Demand quantity

Daesan area 45,000 15,000 7,500
Yeosu area 45,000 15,000 7,500
Ulsan area 45,000 15,000 7,500

Sum 22,500
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22 A|AFSHH Table 3.993 7S Ais

k! 3
DA HaL, o] ghs dF A9 VEIeeHer AAsa

Table 3.9 Regional demand quantity of oil recovery capacity

Region Max. Qty. of Qty. of Oil Regional' demand
spill recovery on water |Qty. of oil recovery
Incheon 8,500 2,833 2,833
Daesan Dﬁ;mgtaaee‘i‘(n 45,000 15,000 3,400
area Gunsan 3,800 1,267 1,267
Sum(Max) 45,000 15,000 7,500
Mokpo 8,500 2,833 2,833
Wando 600 200 200
Yeosu [y s 45,000 15,000 4,200
T JejuSeogwipo 300 267 267
Sum(Max) 45,000 15,000 7,500
Tongycong 1,700 567 567
asan
Busan 10,000 3,333 3,333
Ulsan Ulsan 45,000 15,000 3,166
area Pohang 800 267 267
Ponghae 500 167 167
Sum(Max) 45,000 15,000 7,500
Sum 22,500




Table 3.10 Regional demand quantity of oil fence and temporary oil storage

tank
Yegion Demand Qty. of oil Demanq Qty. of
boom temporary oil storage tank
Incheon 14,165 1,888
Daesan | Dgcsam lacan 54,500 2,268
yeongtaek
area Gunsan 6,335 844
Sum(Max) 75,000 5,000
Mokpo 14,165 1,888
Yeosu Wando 1,000 134
aren Yeosu 58,500 2,800
Jeju-Seogwipo 1,335 178
Sum(Max) 75,000 5,000
Tongyeong: 2,835 378
Masan ’
Busan 16,665 2,222
Ulsan Ulsan 53,330 2,110
area Pohang 1,335 178
Donghae-Sokcho 835 112
Sum(Max) 75,000 5,000
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3.3 = 7HE 7] vy

Table 3.11 Comparison of oil recovery capacity criteria

Nation USA Canada Japan Korea
Regional Max. Regional oil Regional Max. | Regional Max.
Target vessel . . ] ) . . .
oil carrier carrier oil carrier oil carrier
., | Entire quantity
Max. Qty. of oil
ax. Qty. of ol o o re0 on 10,000ton 23,000k( 45,000k(
discharge
board
Oil r iy a leilei;entt il
 reeovery 1CCOTANE 10 | according to 23,000k 15,000k0
capacity on water | kind of oil & .
. region
region
. 4~10days
Duration of according to Within 10days 2~3days 3days
cleanup on water ;
location
Working hours of 24hours™ 24hours™ 12hours 8hours
1 day
OPA90
i ’ A RCP NCP
Related regulation 33 CFR 155 CS C C
‘ o * On water :
Oil ‘boom Suff1c1’ent 2.5m/ton 2.5m/ton 2.5m/ton+0.5
requirement quantity * On shore :
(On water) x%
Temporary oil
storage tank EDRC x 2 EDRC x 3 N/A EDRC x 2

requirement

% 24hours/day in principle, but apply actual time if less than 24hours
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Table 4.3 Example of AHP survey(questionnaire)

Strong Weak Weak Strong
Criteria | impor impor Equal impor impor | Criteria
-tance -tance -tance -tance
Accident Post
e ©®© | @ ® @ 0O | O ® @ | ® | accident
probability e
sensitivity

Table 4.4 Example of AHP scale

Importance Meaning of scale
@ Equal importance

©) Weak importance of one over another

® Very strong or demonstrated importance
2,® Intermediate value
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Step 1

Step 2

Step 3

Step 4

Step 5

Step 6

Setting of range & total deployment volume in each Area

{

Selection of parameter (Item)

4

Investigation of regional existing state for each item,
and its normalization

5

Setting of weighted values for each item by using AHP

{

Calculation of regional degree of hazard

:

Setting of regional quantity of oil recovery capacity

Fig. 4.4 Flow chart of HBD Model
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Table 4.5 The Quantity of Oil Transported(2012)

The Quantity of Oil Transported(ton .
Region Crud? t“éu Product ’ Su(m " Nomlization
Incheon | 4,666,784 | 15809477 | 20,476,261 | 0.2809
rrea | Dg;i%%gtaaeei“ 21,204,637 | 29422490 | 50,647,127 | 0.6946
Gunsan 0 1,788,402 1,788,402 0.0245
Sum 72,911,790 1
Mokpo 5,746 914,933 920,679 0.0091
Wando 0 14,529 14,529 0.0001
Area 2| Yeosu | 50,294,738 | 49,596,015 | 99,890,753 | 0.9851
Jeju-Seogwipo 0 578,190 578,190 0.0057
Sum 101,404,151 1
Tongycong: 0 1,635,184 1,635,184 0.0113
asan
Busan 77,053 8,059,765 8,136,818 0.0560
Ulsan | 74114434 | 59,606,439 | 133,720,873 @ 0.9210
Area 31 hang 0 713,676 713,676 0.0049
DS"nghae' 0 978,939 978,939 0.0068
okcho
Sum 145,185,490 1

2) AAAATIEAGAIAL) B2
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sl stetstgon, AFBA R FE HFF LA A EAFAL A
F013)% o o $3ATh JEAGA LR B3] Wl HNS
A AR A5,

Table 4.6 wW=w, 7|EA4GAE £ A2 7|52 nix7iA =

o



Table 4.6 The Regional State of Oil Storage Facility(2013)

Region Storage Capacity(k¥) Normalization
Incheon 2,887,858 0.3240
Daesan-Taean-
Area 1 Pyeongtack 5,604,962 0.6288
Gunsan 421,169 0.0472
Sum 8,913,989 1
Mokpo 96,612 0.0056
Wando 0 0.0000
Area 2 Yeosu 17,023,681 0.9868
Jeju-Seogwipo 130,713 0.0076
Sum 17,251,006 1
Tongyeong-Masan 7,915,287 0.3366
Busan 335,526 0.0143
Area 3 Ulsan 14,993,648 0.6377
Pohang 36,039 0.0015
Donghae-Sokcho 232,941 0.0099
Sum 23,513,441 1
3) A& A9 A+
QE A A5 AGRARe] AN FAR01)S PO I
obstelon], 4@3 FHe FRE JvZ AHgE 5 Jome A9y ¢
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Table 4.7 The Number of Ship's Entry and Departure(2012)

Region No. of Ship's Entry Normalization

Incheon 17,879 0.4673
rrea | Dﬁzmgtaaeei“ 16,314 0.4264
Gunsan 4,069 0.1063

Sum 38,262 1
Mokpo 9,180 0.4434
Wando 2,897 0.1399
Area 2 Yeosu 5,581 0.2696
Jeju-Seogwipo 3,044 0.1471

Sum 20,702 1
Tongyeong-Masan 10,277 0.1050
Busan 50,437 0.5153
Area 3 Ulsan 25,183 0.2573
Pohang 7,965 0.0814
Donghae-Sokcho 4,015 0.0410

Sum 97,877 1

H AA AFePNT fED

PA NG AT FEFS NGB BBFE AP WA EA
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Table 4.8 The Amount of Spill of Past oil Spill Accident(2006~2011)

Spill(k£) Normali-
2006 | 2007 | 2008 | 2009 | 2010 | 2011 | Sum | zation
Incheon | 49,478 | 86,650 | 10,685 | 16,899 | 239,766 | 12,100 | 415,578 | 0.0317

Region

Area | DaesanTacan | 110 lpyoagl 1704 | 47,056 | 7522 | 57,800 | 12,664,640 09645
Pyeongtaek
I Gunsan | 42,066 | 960 | 1,632 | 149 | 1,994 | 2100 | 50248 | 0.0038
Sum 13,130,466 1
Mokpo 655 | 64,576 | 12153 | 997 | 4,657 | 148,000 | 231,038 | 0.0963
Area | Wando 967 | 472 | 2,445 | 1437 | 474 | 78,000 | 83795 | 0.0349
Yeosu | 33,728 |1,569,191| 260,363 | 5251 | 40,846 | 6,900 | 1,916279 | 0.7985
2 JejuSeogwipo | 330 | 50481 | 22,178 | 14,818 | 79349 | 1500 | 168656 | 0.0703
Sum 2,399,768 1
Tongyeong:

3,156 | 60,428 | 9,183 5,976 127,456 1,700 207,899 0.1140
Masan

Busan 213,425 | 33,256 110,444 | 6,946 3,336 | 23,400 | 390,807 | 0.2142
Area Ulsan 16,604 |1,030,690| 644 1,924 | 85,325 | 31,200 | 1,166,387 | 0.6392

3 Pohang 1,696 | 278 | 4206 | 6,884 | 3,730 | 29,600 | 46,394 | 0.0254
Donghae- | 5, | 544 795 | 1115 | 6510 | 2700 | 13,188 | 0.0072
Sokcho

Sum 1,824,675 1
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Table 4.9 The State of Sea Farming(2010)

Region Area of Farm(m’) Normalization
Incheon 21,393 0.2004
Daesan-Taean-
Area 1 Pycongtack 85,334 0.7996
Gunsan 0 0.0000
Sum 106,727 1
Mokpo 0 0.0000
Wando 1,008,156 0.3971
Area 2 Yeosu 249,014 0.0981
Jeju:Seogwipo 1,281,492 0.5048
Sum 2,538,662 1
Tongyeong-Masan 429,040 0.6074
Busan 32,515 0.0460
Arca 3 Ulsan 37,723 0.0534
Pohang 198,225 0.2806
Donghae-Sokcho 8,905 0.0126
Sum 706,408 1
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atets AAsda, Aoy A9Y Fits dskel ge el wrh
Table 4.10 Area of Environmental Management Sea
Area(kir)
Region Environmental | Environmental Sum Normalization
Preservation Sea| Management Sea
Incheon 0 1181.88(A 8} %) 1181.88 1.0000
Daesan-Taean-
Area | Pycongtack 0 0 0 0.0000
Gunsan 0 0 0 0.0000
Sum 1,181.88 1
Mokpo 0 0 0 0.0000
Wando 769.98 0 769.98 0.5163
Area 2 Yeosu 255.29 465.93(3% %F1H 721.22 0.4837
Jeju-Seogwipo 0 0 0 0.0000
Sum 1491.2 1
T .
N8 0 300.66(9}4Hgk) 300.66 0.2419
Busan 0 741.5(F-4F<A<%h 741.5 0.5965
Area 3 Ulsan 0 200.85(&4FI%H) | 200.85 0.1616
Pohang 0 0 0 0.0000
Donghae-Sokcho 0 0 0 0.0000
Sum 1,243.01 1
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Table 4.11 The Number of Beach Users(2010)

Region No. of Beach Vacationer Nommalization
Incheon 2,390,247 0.1951
rrea | Dﬁ;iiigtzii“ 9,858,574 0.8049
Gunsan 0 0.0000
Sum 12,248,821 1
Mokpo 0 0.0000
Wando 1,687,006 0.7525
Area 2 Yeosu 554,879 0.2475
Jeju-Seogwipo 0 0.0000
Sum 2,241,885 1
Tongyeong-Masan 29,658 0.0004
Busan 41,271,105 0.6131
Ulsan 2,455,893 0.0365
Area 3 Pohang 3,504,232 0.0520
Donghae-Sokcho 20,059,533 0.2980
Sum 67,320,421 1
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Table 4.12 Result of Normalization

Accident probability Post accident sensitivity
Region 0il 0il Vessel | Oil spill | Sea EM. | Beach
transport | storage |ent.&dep.| accident | farming sea users

Incheon 0.2809 | 0.3240 | 0.4673 | 0.0317 | 0.2004 | 1.0000 | 0.1951

Area 1 | DacsanTacant| o o401 6oes | 04264 | 0.9645 | 0.7996 | 0.0000 | 0.8049
Pyeongtaek

Gunsan 0.0245 | 0.0472 | 0.1063 | 0.0038 | 0.0000 | 0.0000 | 0.0000
Mokpo 0.0091 | 0.0056 | 0.4434 | 0.0963 | 0.0000 | 0.0000 | 0.0000
Wando 0.0001 | 0.0000 | 0.1399 | 0.0349 | 0.3971 | 0.5163 | 0.7525
Yeosu 0.9851 | 0.9868 | 0.2696 | 0.7985 | 0.0981 | 0.4837 | 0.2475
Jeju-Seogwipo | 0.0057 | 0.0076 | 0.1471 | 0.0703 | 0.5048 | 0.0000 | 0.0000

Area 2

T"]{l/[gaysi&“g' 0.0113 | 0.3366 | 0.1050 | 0.1140 | 0.6074 | 0.2419 | 0.0004

Busan 0.0560 | 0.0143 | 0.5153 | 0.2142 | 0.0460 | 0.5965 | 0.6131
Area 3 Ulsan 0.9210 | 0.6377 | 0.2573 | 0.6392 | 0.0534 | 0.1616 | 0.0365

Pohang 0.0049 | 0.0015 | 0.0814 | 0.0254 | 0.2806 | 0.0000 | 0.0520

Donghae-
Sokcho

0.0068 | 0.0099 | 0.0410 | 0.0072 | 0.0126 | 0.0000 | 0.2980
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Table 4.13 Final weight for each item

Upper evaluation standard Lower evaluation standard Weight
Oil transport(0.449) 0.31
Accident probability Oil storage facility(0.17) 0.12
(0.682) Vessel entry&departure(0.235) 0.16
Oil spill accident(0.146) 0.10
Sea farming(0.577) 0.18
Post accident sensitivity Environmental management 0.07
(0.318) sea(0.229) '
Beach users(0.195) 0.06
259 AFAE ALAAY 229 BB NEEEF03)0] M EA
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Table 4.14 Final degree of hazard in Area 1

It ioht)| Ol Oil | Vessel |Oil spilll Sea | EM. | Beach
. em(Weig )transport storage |ent&dep|accident| farming | sea users
Region 0.31) | (0.12) | (0.16) | (0.10) | (0.18) | (0.07) | (0.06) | ©f hazard

Incheon |0.2809/0.3240|0.4673|0.0317|0.2004 | 1.0000 | 0.1951 0.32

Area |Daesan-Taean
1 ‘Pyeongtaek

Gunsan |0.0245]0.0472]0.1063|0.0038 | 0.0000 | 0.0000 | 0.0000 0.03
Sum 1 1 1 1 1 1 1 1

Final degree

0.69460.6288 0.4264 |0.9645  0.7996 | 0.0000 | 0.8049 0.65
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Table 4.15 Final degree of hazard in Area 2

It ioht)| Ol Oil | Vessel |Oil spill] Sea | EM. | Beach
. em(Weig )transport storage |ent&dep|accident| farming | sea users
Region (0.31) | (0.12) | (0.16) | (0.10) | (0.18) | (0.07) | (0.06) | °f hazard

Mokpo |0.0091|0.0056|0.4434|0.0963|0.0000|0.0000|0.0000 0.08
Area Wando |0.0001|0.0000|0.1399|0.0349|0.3971|0.5163|0.7525 0.18

Final degree

2 Yeosu 0.98510.98680.26960.79850.0981 | 0.4837 |0.2475 0.61
Jeju-Seogwipo| 0.0057|0.0076|0.1471|0.0703 | 0.5048 | 0.0000 | 0.0000 0.13
Sum 1 1 1 1 1 1 1 1
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Table 4.16 Final degree of hazard in Area 3

Item(Weight)|  Oil Oil | Vessel |Oil spill Sea | EM. | Beach | pjnal degree

) transport| storage |ent&dep|accident| farmin sea users

Region (0.31) (0.15 (0. 16)p (0.10) | (0. 18)g (0.07) | (0.06) A of hazard

Toﬁfg;‘;“g' 0.0113/0.33660.1050 |0.1140 | 0.6074 |0.2419 10.0004|  0.20

A Busan  |0.05600.0143 |0.5153|0.2142|0.0460 | 0.5965|0.6131|  0.21

gea Ulsan 0.9210|0.6377|0.25730.6392 | 0.0534|0.1616 0.0365  0.49

Pohang  |0.0049/0.0015|0.0814 |0.0254 | 0.2806 | 0.0000 0.0520|  0.07

Dsoglk%}f(f' 0.0068 |0.0099 |0.0410 |0.0072 1 0.0126 |0.0000 1 0.2980|  0.03

Sum 1 1 1 1 1 1 1 1

ExH A9d 98 E 4gelshd Table 4.17% 2t 74 A Al wjx] 5]
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Table 4.17 Final degree of hazard and oil recovery capacity

. . Oil recove
Region F1nal®we1ght capacityry Current Difference
(Q) (Dx7,500) standard
Incheon 0.32 2,400 2,833 (-)433
Daesan-Taean-
Area 1| Pycongtack 0.65 4,875 3,400 1,475
Gunsan 0.03 225 1,267 (-)1,042
Sum 1 7,500 7,500 0
Mokpo 0.08 600 2833 (-)2,233
Wando 0.18 1,350 200 1,150
Area 2 Yeosu 0.61 4,575 4,200 375
Jeju-Seogwipo 0.13 975 267 708
Sum 1 7,500 7,500 0
Tongyeong:
v 0.20 1500 533 967
Busan 0.21 JSSP5 3,333 (-)1,758
Area 3 Ulsan 0.49 3,675 3,200 475
Pohang 0.07 525 267 258
Donghae-Sokcho 0.03 225 167 58
Sum 1 7,500 7,500 0
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Table 5.1 Overview of simulation(Step 1 & 2)

Step of . . .
Area Simulation Region Spill Quantity(ke)
1 Incheon 8,500
Area 1
2 Daesan-Taean-Pyeongtaek 45,000
1 Mokpo 8,500
Area 2
2 Yeosu 45,000
1 Busan 10,000
Area 3
2 Ulsan 45,000
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Table 5.2 Distance table between regions in Area 1

Daesan-Taean-
Incheon Gunsan
Area 1 (n.mile) Pyeongtaek (nmile)
.mile (nmile) n.mile
Incheon 0 38 122
Daesan-Taean-Pyeongtaek 38 0 96
Gunsan 122 96 0

o2l Table 5.3-2> Q1A A &) L FAFIL(8,500k0) 7HFA] A1AS Z}
Ao A sd7s g Aol o V3]s T ol AA

& Aol whe A4S HEolth A
ol

v 44E 718855 o) T 85 5
o met E9

Table 5.3 Mobilization of marine oil spill equipments for oil spill accident

in Incheon region(Area 1)

Region Distance from Oil Recovery Actual Recovery
8 Incheon(n.mile) Capacity(k¥) Amount(k?)
Incheon 0 2,400 2,400
Daesan-Taean-
Area 1 Pycongtack 38 4,875 4,469
Gunsan 122 225 187
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Table 5.4 Accumulated actual oil recovery amount in Incheon region(Area 1)

Working Hour

Region (hour)

Accumulated Actual Recovery Amount(kf)
100

200

300

1,006

Ist day 1319

1,631

1,944

2,256

2,569

2,881

3,194

3,506

Incheon 2nd day 3 819

4,131

4,444

4,756

5,069

5,381

5,694

6,006

3rd day 6,319

6,631

6,844

O[NNI — 01NN R WIN /(0NN Wi |—

7,056
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Fig. 5.2 Accumulated actual oil recovery amount in Incheon region(Area 1)
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Table 5.5 Distance table between regions in Area 2

Yeosu area Mokpo Wando Yeosu Jeju-Seogwipo
(n.mile) (n.mile) (n.mile) (n.mile)
Mokpo 0 83 151 125
Wando 83 0 79 110
Yeosu 151 79 0 122
Jeju'Seogwipo 125 110 122 0
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Table 5.7 Accumulated actual oil recovery amount in Mokpo region(Area 2)

Working Hour

Region (hour)

Accumulated Actual Recovery Amount(kf)

25

50

75

150

Ist d
st aay 163

775

1,088

1,400

1,713

2,025

2,338

2,650

Mokpo 2nd day 5963

3,275

3,588

3,900

4,213

4,525

4,838

5,150

3rd d
re day 5,463

5,775

6,063

[c <IN HiNe NN B N SRR e RN I e W IO, T SN R U i O e e R N =N I, T~ B S B I OO R

6,350
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Fig. 5.3 Accumulated actual oil recovery amount in Mokpo region(Area 2)
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Table 5.8 Distance table between regions in Area 3

Ulsan area Tongyeong: Busan Ulsan Pohang Donghae:
Masan(n.mile), (n.mile) (n.mile) (n.mile) |Sokcho(n.mile)
Tongyeong-Masan 0 63 92 142 264
Busan 63 0 37 89 220
Ulsan 92 37 0 56 191
Pohang 142 89 56 0 148
Donghae-Sokcho 264 220 191 148 0
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Actual Recovery
Amount(k¥)
1,250
1,575
3,369
438
187

Capacity(k¥)
1,500
1,575
3,675

525
225

Oil Recovery
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3
ar
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S Table 5.103 2t} A3@ ol Y

Distance from
Ulsan(n.mile)
63
37
89
220
e}

RERES

[

}

Busan
Ulsan
Pohang
Donghae-Sokcho

in Busan region(Area 3)
Tongyeong-Masan

Region
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Table 5.9 Mobilization of marine oil spill equipments for oil spill accident
Area 3
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Table 5.10 Accumulated actual oil recovery amount in Busan region(Area 3)

Working Hour

Region (hour)

Accumulated Actual Recovery Amount(k?)

66

131

197

700

Ist d
st aay 1,003

1,306

1,619

1,931

2,244

2,556

2,869

3,200

Busan 2nd day 3513

3,825

4,138

4,450

4,763

5,075

5,388

5,700

3rd d
e day 6,013

6,325

6,572

[c <IN e RS e N AT R SR e R RN e W IO, B N L US I WS R e <R RN [ e SR O, I S VS S R

6,819
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Fig. 5.4 Accumulated actual oil recovery amount in Busan region(Area 3)
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Table 5.11 Result of simulation of oil recovery capacity mobilization in area

Region Planned (?ntyw(;iel(();:@Recovery Final Qty. of Oil Recovery(k{)
Incheon 2,833 7,056
Mokpo 2,833 6,350
Busan 3,333 6,819
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Table 5.12 Distance table between regions in Korea Coastal area
Resion Daesan Yeosu Ulsan
8 (n.mile) (n.mile) (n.mile)
Incheon 38 335 435
Daesan-Taean-
Area 1 Pyeongtack 0 277 362
Gunsan 96 265 358
Mokpo 163 151 257
Wando 203 79 168
Area 2
Yeosu 277 0 126
Jeju-Seogwipo 265 122 209
Tongyeong-Masan 297 42 92
Busan 334 96 37
Area 3 Ulsan 362 126 0
Pohang 411 164 56
Donghae-Sokcho 536 293 191
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Table 5.13 Mobilization of marine oil spill equipments for max. oil spill

accident in Daesan region

o et Oil Recovery Actual Recovery
Region - Capacity(k?) Amount(k)
(n.mile) Current HBD Current | HBD
Criteria Model Criteria Model
Incheon 38 2,833 2,400 2,597 2,200
Area 1| Dacsan lacan 0 3400 = 4,875 | 3400 @ 4,875
yeongtaek
Gunsan 96 1,267 225 1,056 188
Mokpo 163 2,833 600 2,361 500
Area 2 Wando 203 200 1,350 167 1,125
Yeosu 277 4,200 4575 | 2450.0 | 2,669
Jeju-Seogwipo 265 267 975 167 609
Tongyeong-Masan 297 533 1,500 266 750
Busan 334 3,333 1,575 1,666 788
Area 3 Ulsan 362 3,200 3,675 1,600 1,838
Pohang 411 267 525 133 262
Donghae-Sokcho 536 167 225 28 37
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Table 5.14 Accumulated actual oil recovery amount in Daesan-Taean-Pyeongtack

region
Resion Working Hour Accumulated Actual Recovery Amount(kf)
i
; (hour) Current Criteria HBD Model

| 142 203

2 283 406

3 425 609

Ist day 4 1,086 1,419

5 1,517 1,756

6 1,956 2,150

7 2,394 2,544

8 2,833 2,938

1 3,272 3,331

2 3,711 3,725

3 4,150 4,119

Daesan-Taean- Ind day 4 4,980 5,072
Pyeongtaek 5 5,911 6,000
6 6,842 6,928

7 7,772 7,856

8 8,703 8,784

| 9,633 9,713

2 10,564 10,641

3 11,494 11,569

3rd day 4 12,425 12,497

5 13,362 13,434

6 14,300 14,372

7 15,096 15,106

8 15,891 15,841
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Fig. 5.5 Accumulated actual oil recovery amount in

Daesan-Taean-Pyeongtaek region
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Table 5.15 Mobilization of marine oil spill equipments for max. oil spill

accident in Yeosu region

Distance from Oil Recovery Actual Recovery

Region Yeosu Capacity(k¥) Amount(kf)
(umile) | GHE Nodel | Cifeda | Model
Incheon 335 2,833 2,400 1,417 | 1,200
Area 1 Dg;i%%gtaaeei“ 277 3400 | 4875 | 1983 | 2,844
Gunsan 265 1,267 225 792 141
Mokpo 151 2,833 600 2,361 500
Area 2 Wando 79 200 1,350 167 1,125
Yeosu 0 4,200 4,575 4,200 | 4,575
Jeju-Seogwipo 122 267 975 222 812
Tongyeong-Masan 42 533 1,500 466 1,313
Busan 96 3,333 1,575 2,778 | 1,313
Area 3 Ulsan 126 3,200 3,675 2,667 3,062
Pohang 164 267 525 222 437
Donghae-Sokcho 293 167 225 83 112

sk AN AE FOR FUHE PPABIe A 71F85
TS AL Table 5,169 Lk AT WA E S APYA G E B9

o] 3U 7 34U E 78 %S &3 7]+ 17,358k(, HBD Model 7|+
17,434kl = HBD Modelol W2 3]48Fo] dAsYr]=ol tiv]ste] 76kl 2

1_4

rlo

Ao 72 et T3 HBD Modelo] W& 3]4-8FS 15000k =
FA17]aL Qo2 2 HBD Model o529 2] o AAlarol] thale] 28
7hs s M EE 2 SR1E T
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Table 5.16 Accumulated actual oil recovery amount in Yeosu region

' Working Hour Accumulated Actual Recovery Amount(k?)
Region h
(hour) Current Criteria HBD Model
1 175 191
2 350 381
3 525 572
4 1,072 1,206
Ist day
5 1,690 1,822
6 2,308 2,438
7 2,926 3,053
8 3,544 3,669
1 4,162 4,284
2 4,780 4,900
3 5,399 5,516
4 6,458 6,566
Yeosu 2nd day
5 7,396 7,503
6 8,333 8,441
J 9,271 9,378
8 10,208 10,316
1 11,146 11,253
2 12,083 12,191
3 13,021 13,128
4 13,958 14,066
3rd day
5 14,896 15,003
6 15,833 15,941
7 16,596 16,688
8 17,358 17,434
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Fig. 5.6 Accumulated actual oil recovery amount in Yeosu region
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Table 5.17 Mobilization of marine oil spill equipments for max. oil spill

accident in Ulsan region

Oil Recovery Actual Recovery

Region Distance fl:om Capacity(k¥) Amount(kf)
Ulsan(n.mile) | Current HBD Current | HBD
Criteria Model Criteria | Model
Incheon 435 2,833 2,400 1,417 | 1,200
Area | Dg;i%fggtaaeein' 362 3,400 | 4875 | 1,700 @ 2,438
Gunsan 358 1,267 225 633 112
Mokpo 257 2,833 600 1,889 400
Area 2 Wando 168 200 1,350 167 1,125
Yeosu 126 4,200 4,575 3,500 | 3,813
Jeju-Seogwipo 209 267 975 222 813
Tongyeong-Masan % ¥/ 1,500 444 1,250
Busan 37 3,333 1,575 3,055 | 1,444
Area 3 Ulsan 0 3,200 3,675 3,200 | 3,675
Pohang 56 267 525 223 437
Donghae-Sokcho 191 167 225 139 187

o

b A q1ke) AE Ve or FdEE A s 7153
A

A3 Table 5.18% 2t} Aol v x| ¥ sAHA| AR = &
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st 3A 3t 3] FrhEet 759 e ¥ 7]F 16,589k, HBD Model 7]1&
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2 Zo 2 YEYT E3 HBD Modelol| w2 34832 15000k0E &
FA17]3L o2 2 HBD Model 449 2] H o @ AALarel] tfsle] 28
7hee A RERE A
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Table 5.18 Accumulated actual oil recovery amount in Ulsan region

Region Working Hour Accumulated Actual Recovery Amount(k?)
(hour) Current Criteria HBD Model

1 133 153
2 267 306
3 400 459

It day 4 1,078 1,050
5 1,574 1,609
6 2,081 2,209
7 2,588 2,809
8 3,094 3,409
1 3,601 4,009
2 4,108 4,609
3 4,733 5,234
4 5,606 5,950

Ulsan 2nd day

5 6,543 6,888
6 7,481 7,825
7 8,418 8,763
8 9,356 9,700
1 10,293 10,638
2 11,231 11,575
3 12,168 12,513

3rd day 4 13,106 13,450
5 14,043 14,388
6 14,981 15,325
7 15,785 16,109
8 16,589 16,894
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Fig. 5.7 Accumulated actual oil recovery amount in Ulsan region
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Table 5.19 Result of simulation of mobilization for max. oil spill
Actual Recovery Amount(kf)
RN | T 68D | 5| o] HED | | ot HED
urren . n . urren .
Criteria| Model Diff. Criteria| Model Diff. Criteria | Model Diff.
Daesan | 2,833 | 2,938 | 105 |8,703 | 8,874 | 171 |15,891 15,841 (-)50
Yeosu | 3,544 | 3,669 = 125 10,208/10,316| 108 |17,358 17,434| 76
Ulsan | 3,094 | 3,409 | 315 9,356 9,700 | 344 |16,589 16,894 305
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Table 5.20 Comparison of Oil Recovery Capacity for stockpile in 2007 and

HBD Model in Daesan-Taean-Pyeongtack

) Oil Recovery Target Difference
Region Capacity(k§) | Amount(kf) (kd)
Daesan-Taean Stockpile(07) 5201 189 (652
Pyeongtack | yppy Model 4,875 4,183 692

o7 &Sk w ExE gin] FEFHEQ 632kiE 7 A A

2]
AFS ey olth HE FA

Table 5.21 Actual oil recovery amount for Hebei Spirit accident in Taean

Distance from Ol Recovery Actual Recovery

Region Taean Capacity (kf) Amount(k¥)
(n.mile) Stockpile HBD Stockpile | HBD
' ('07) Model (07) Model

Incheon 38 2,916 | 2,400 632 0

Area 1
Daesan-Taean-

Pyeongtaek 0 3551 | 4,875 | 3,551 | 4,183
Sum 4183 | 4,183
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Table 5.22 Accumulated actual oil recovery amount in Taean

Accumulated Oil Recovery Capacity(k?)
Region Time after removal
start(hour)
Stockpile('07) HBD Model
1 148 174
2 296 349
3 444 523
4 592 697
Ist day
5 771 871
6 951 1,046
7 1,131 1,220
8 1,310 1,394
1 1,490 1,569
2 1,669 1,743
3 1,849 1,917
. . 4 2,028 2,092
Ppyeongack | 2nd day 5 2,208 2,266
6 2,387 2,440
7 2,567 2,614
8 2,747 2,789
1 2,926 2,963
2 3,106 3,137
3 3,285 3,312
4 3,465 3,486
rd day 5 3,644 3,660
6 3,824 3,834
7 4,003 4,009
8 4,183 4,183
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