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A Study on Allocation of On-water response equipment for
effective and efficient response in Busan coastal region

Kim, Tae Hyung

Department of Coast Guard Studies
Graduate School of Korea Maritime and Ocean University

Abstract

In korea, on-water response equipment are allocated in major ports to
respond to an oil spill. However, if the oil spill occurs away from the
deployed port, it will take a long time to move equipment and delay the
Initial response, which may cause additional damage that could be
prevented in advance. Therefore, in order to prevent damage that can be
prevented in advance, it is necessary to study a method to respond to the

oil spill efficiently and effectively.

Especially, since the Busan New Port was operated from 2007, the
harbor limit has been expanded and the marine traffic volume has
increased in the coastal region adjacent to Busan. As a result, the risk of
the oil spill increased and the response area expanded. Nevertheless, it is

difficult to respond efficiently and effectively due to lack of additional
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measures.

Therefore, this paper is intended to provide a method on allocation of
on-water response equipment for efficient and effective response in the
Busan coastal region where the potential risk of the oil spill currently
exists and initial response is expected to be delayed due to wide range of

oil spill response.

Firstly, the geographical, social and environmental characteristics of the
Busan coastal region were analyzed and the types of oil spill incidents
were identified using statistical data. In addition, by comparing the criteria
of required oil recovery capacity and response time of each country(USA,
Canada, and Japan), the necessity of suggestion for applying the response
time and continuously checking the expected oil spill amount in the worst

case discharge of each region was derived.

Next, Busan port, Masan port, Busan New port and Dadaepo port were
selected as the deployment location in order for on-water response
equipment for efficient and effective response by analyzing and utilizing
the characteristics of Voronoi diagram, the locations of past oil spill

incidents, and required response time.

Thirdly, ratio of allocation of the on-water response equipment for each
port was derived through the HBD Model which was based on the marine
environmental hazard. The required oil response equipment satisfying the
oill recovery capacity has been suggested by the multiplication of the
forementioned ratio and the recovery capacity in case of the worst oil spill
incident, and this has been proposed as allocation of on-water response
equipment in order for the efficient and effective response to incidents in

the Busan coastal region

Lastly, in order to assess the applicability of the proposed allocation,

the proposal has been compared with three locations where there were
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relatively high risks of the worst oil spill incidents and difficult response
operations are anticipated in those cases. As a result, the first and second
location indicated the reduction in the time of the response and the time
of the completion of on-water response to the incidents, and the last
location indicated the same required time of the response, but reduction in
the time of the completion of on-water response.

In conclusion, it is found that the suggested method on allocation of
on-water response equipment could be applied efficiently and effectively in
order to respond to oil spill incidents expected in the Busan coastal region,
and it is anticipated that the method would help the enhancement of
on-water response efficiency by reducing the time of on-water response
and reduction of environmental and social damage caused by the oil spill
incidents.

KEY WORDS: On-water recovery equipment 3l A|7#]; Allocation Hj
Z]; Response time T-3-A1%}; Voronoi Diagram B-ZE-o] tho]ol 13
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Fig. 7 Location of Spill Incident at Busan region for Syears(2012~2016)
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(1) 71413 3] 4(Mechanical Containment & Recovery)
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32, ZAhE AARAAN 8% 44 B 01$AZ B4

321 "=

MEe duA BAANS AGAA, AFelA SPBA fEATI
I<]

Aute] afA mE gl Ak

=
Abal(Worst Case Discharge ; WCD)ol| o
2 AL LS AHde] BFRIEE ke H(OPA 90)7

1557 FA =] 9lom o] o F3slsla Ut

(D s gAgn 2% 42H4

Hl=9] FHotFEALA A7 S8 A4 33CFR Part 1559]
Appendix Bell AA=H o] Atk o]o] m=1 Fig. 10 3 4 (D3 o] A4kE o
A3 O AAHE Aystd g2 2ok 2 sdS 235 249 FHAS
E Ao 4 d AoE JHAHsta 45 L 93 = 2
(Table D& A&3t] i LA 71§35 AT T8 9 33
71838 F5E WA A(Table 22 F3tel AF Al 7123 5%
= 70 28 HF A ZIE3 gl dAE HAE 59 -&(Table
DS Hstd HF WCD SA(Tier 1, 2, 3) F 19 33 4A 7]
ok Table 4 + 2% 713HE el 2 A9 A o] wha} 3 2
21, 1¥ ZFYAZES 4ANE 7|Fo 2 s gAY a3 e, fuke o]
T3 7159 FEAAR oF BHI T 2E GAY A&l we

HeAd % Ao,

=2
R=)

It
=2
o
ol
2

z
Mz
fto

EDRC = (Spill Volume) X (Percentof Table) X (Emulsification Factor)

X (Moblization Factor) (D

o, EDRC : Effective Daily Recovery Capacity(bblsday) for each tier
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Fig. 10 Flow chart of calculating the WCD planning volumes

4> o

Worst Case Discharge
(Maximum Extent Practicable)

Planning Volumes for
On-water recovery

i) %
0.2
ne
rx

Final Planning Volumes for
On-water recovery

Bbls per day on-water
recovery requirements
for each tier

J
A

ob
S
-6

4]

Table 1 Removal Capacity Planning Table (Open ocean & Offshore)

S o 9 &
Hess (B A 50mFA o]l <) Bt A 12~50utd F+49)
a2t L 10 6
o = ZpA A4 3l 3 Al &) QFx-A| ZFA FA4E 3l Al & RH-A|
mee (%) (%) (%) (%) (%) (%)
Group 1
Non-persistent 100 / / 95 [5]* /
oils
Group 1I
Light crudes %0 10 / £ 25 0
Group I
Medium crudes 75 20 [5]* 60 40 20
and fuels
Group IV
Heavy crudes 50 20 [30]* 50 40 30
[residual fuels
[T Qke] MRS AR AKAES fE xSt ou, HAAYNE 22 A

pe
O

lection

(LWL L B |

(Source :

33CFR155, Appendix B,

Table 3)



Table 2 Removal Capacity Planning Table (Nearshore/Inland/Great Lakes & River)

Adg s/t E S 2
} A
CERE | oty el L2mrdoly S st A
g g4 4 3
o = A A F-A4F S A 3 QA A A F-A4k ) A 3l QA
e (%) (%) (%) (%) (%) (%)
Group |
Non-persistent 80 20 10 80 10 10
oils
Group TI
Light crudes 50 50 30 40 15 45
and fuels
Group Il
Medium crudes 30 50 50 20 15 65
and fuels
Group IV
Heavy crudes 10 50 70 5 20 75
[residual fuels

T O EEl] el 100% o4}l A4

rlr

YA 2 FHe| bsge ou

(Source : 33CFR155, Appendix B, Table 3)

Table 3 Emulsification factors for Petroleum oil cargo groups

r F AdA A
HI A &4 71& Group I 1.0
Group I 1.8
A& 7E Group 1II 2.0
Group IV 1.4

(Source : 33CFR155, Appendix B, Table 4)
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Table 4 On-Water Oil Recovery Resource Mobilization Factors

WCD ©AE Y&
LHAA
Tier 1 Tier 1I Tier I
sk 9 23} 0.30 0.40 0.60
/Ay /ot s 0.15 0.25 0.40
2] 3 0.10 0.165 0.21
o & 0.06 0.10 0.12

" % BE BE A0 BE 9 SAgoln], A F7hgo] opy

(Source : 33CFR155, Appendix B, Table 4)

AFFAL F F3F7)e ASde 19 FE7]E3 s ZFHESffective Daily
Recovery Capacity ; EDRC)& o] &3t L8 &S F3tal glom, o3 2714 ¢
Aoz F& F 9l

R ERL N’ )

o, R : Effective Daily Recovery Capacity(bbis/day)
T : Throughput rate in bbls per hour(nameplate capacity)
24 : Working hour per day
E : 20%, Efficiency factor(or lower factor as determined by the USCG)

R=DxU (3)

o, R : Effective Daily Recovery Capacity(bbis/day)
D : Average Oil Recovery Rate in bbls per hour
U : Hours per day(Ten hours per day)
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8% QA A 9

A
8| 5epe] 202 Aa k.

75C= EDRCX 2 (4)

o, TSC : Temporary Storage Capacity per day
EDRC : Effective Daily Recovery Capacity

FAEAY 28T Feols 4 09 2ol 78  Jeow, FAYAE ©
&3t ZAAZ 7159 el #itEes w3 #oE A oy FA A

AE A ol Bl A TRkt

CDAC= AO X PAR 5)

o, CDAC : Cumulative Dispersant Application Capacity
AO : Available Oil (WCD-[WCD X Natural Dissipation Factor]
PAR : Planning Application Ratio(0.05, 1gal dispersant/ 20 gals oil)

(2) t-&AIZF A

o

HEe F SAREE A (O3 2ol AnTFTRAZ, FuFAFZHNAL L I
A E FAEO o, 33CFR Part 1559 Appendix Boll AIx4<
Asto] AL A 7R =2k Aele AP E FoEo] vk aglal A
ZF HE theAZHS Tableb ¢ Table6 &2 FE3 ¢l o]

T
HRELS nEste] Z|EH o s)/4de HaE&H e Sknots, §Fo %

off

o OPH K
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Mobilization Response Time =

o+, Notification :

Mobilization : AH|Z =
A=

Travel : 601’—5‘]]/‘121', o ]ot

Table 5 Response Times in Hours for each tier and location

AP EH A ZE,

Notification+ Mobilization+ Travel

Ewﬂg% W 7hA) 7B ARG 308

, TERE2 Hz5Y HEAATA

1711(5% 0% A-8)
FH R

A FE AFILEA7EA]

(6)

8)

et

T2 71A] A GAI

=4
24 d+9

MMPD T-1 T-2 T-3
ool PRk 12 12 36 60

(Prince William Sound W <& x4 A<
s 12 18 42 66
SHA[E3F ol9e] F9, W4, At/ 3 24 24 48 72
@)l A A A H 7EA] &Fs) A2 7 24 24+ 48+ 72+

o

o] 9xzxo A

=9 ALaLs ou|3gi

] UH, MMPD(Maximum Most Probable Discharge)st 7]E 2 A &Fo] 2,5000bIs ©]
49 §=Fo] 25000blsS om|shar, A A ko] 2,500bbls Wkl
L91 A5 AAZF 10%7F =

Table 6 Response Times in Hours for Average Most Probable Discharge

Ao
3l 27 ) G G o
125k o] ) (12-2009}2)
eup 142 o] 1472 + Gl 2
#8524 22171 ol 2A2E + AT

o] uj, Average Most Probable Dischargest 50bbls v T+ =
#29 Ang ofnik

Hgke] 7] ol

-
T

7154

AF 1%




YRAAE F/PPASEES B2 A 2n AFed 5 2L PR

YA e WE A3z 5o wek NP CHMEBEHRIE 2% 5
WAAD FulzaFe] M Ytk o] A YEe] A HHS 1674=
FESHL AF AGEE AYHYoH HF A hF FEAA} BYALS
B2 Agstel Ause] A g L s B4 wgse] /F 9§
Ao a4, bR Aae] tigsly] A% A BEsE R WA B
$4% 5ol Egalw UrHCamada, 2012, ANZ FATE A HlH§EA
12 PYolA 78S wAls DWT 2600008 245 chadutale] 5417

Do
L
S
S
()
=
fru

X
ol
o,
£

DEe AYINBHFEF AL B WS Gedtth fERe FHAAR
ot szt sebtAle] R TE flo] wed] HuFEF TS ol
st e YHOE a itk WPPARYS 239 B¢ 1Y 1247
o AJAE Fow ArfEde) 80%E AAH 5w H5an YeA
0% FAGAL FERA SO AT + A= 4 D go| Py BE

EDRC = [(Spill Volume) < (80%)]/ [( Working Hour per day) X (Working Day)]  (7)

o, EDRC : Effective Daily Recovery Capacity(1¥ #&3]<+%)
Spill Volume : 74 Ho #F&%
Working hour per day : 19 2=k, 1247
Working Day : 29 7|13} 29 =+

—_

AR T 73] 28] A 4 @) 2ol AHA AL, HgE
vebel g8 #3rle] 1Y w8 7IEds&Ee A 2EATE F 847
o
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R= Tx12 8)

o, R : Effective Daily Recovery Capacity(kl/day)
T : Throughput rate in Kiloliter per hour(nameplate capacity)
12 : Working hour per day

o o AP Aolsht, AT WA 6AZHS N AT o)
B9 1247 A% F fE R o] alPEE 94x T o|FoE AHTY
W BAY FHAET 2ol APom s, A5fe YA AFFA &

A8

T AL A FT

AYAE olgsted &

CDAC= AO X PAR 9

@, CDAC : Cumulative Dispersant Application Capacity
AO : Available Oil (Spill Volume x20% X Absorbent ratio)
PAR : Planning Application Ratio(¥®t 4¥], - = 108], =71 vks 20H))

CAAC= AO X PAR (10)

o, CAAC : Cumulative Absorbent Application Capacity
AO : Available Oil (Spill Volume X 20% X Dispersant ratio)
PAR : Planning Application Ratio(&2}s9 <] 104})

L2 B v= 2y ARl ts) A&stA sk AR ST
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323 Yo
Ayt m=3 FASE Al==2, /iyt s (Canada Shipping Act ; CSA)

o o8l edBAA AYUH wet NBAFAL, A 2fA EE AEA
tooqm wAlel tiulstel FAAL FRsoF B, Abm WA AHO

= PAAAe S 2 BT OF AL oPafok ). ol wat

Atk Fol 78S AT S AuelA AL = Horsgw
o] A58 S zkE: AP A(Response Organization ; RO)9} A A== o
25ty ok Ie3 eAAT Aa, BANE, §2F 2L UL 58 T
Hole dAEE FEStL I F 494 AFa(10,0008)] tivlsta o 2 @
Ad T8 9 7]E2 Table 72 2o
Table 7 Maximum Quantity of Oil Spilled for each Tier
oA A FEHBD
Tier 1 150
Tier 2 1,000
Tier 3 2,500
Tier 4 10,000
(D a7 HAAr e 4+
Tier 4| ajFsl= o] ol =9 A= 7FH3sta Fao mE 2

X o}
QA &(Table D& A 831a, 2] (D 2o] A7 Es52e Tao),
v}
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On— Water Recovery Capacity = (Spill Volume ) X (Percent of Tuble) (1D

o, Spill Volume : Tier-42] -+, 10,000=

Percent of Table : Table 82 WA A Ao wWeE WES

Table 8 Percentage of Tiered Response Capability

3 LA (%)
AR A 3 EA1 (%)
Sheltered Sea | Unsheltered Sea
Holyrood 40 40 20
Come by Chance 40 40 20
Point Tupper 40 40 20
Halifax 40 30 30
Saint John 40 40 20
Primary Areas
Sept-iles 45 30 25
of Response
Québec City 60 30 10
Montreéal 70 30 0
Nanticoke 50 30 20
Sarnia 50 40 10
Vancouver 40 40 20
Enhanced Cabot Strait 40 30 30
Response Northumberland Strait 40 0 60
Areas Juan de Fuca Strait 40 20 40

(Source : Transport Canada, 1995. Response Organizations Standards)

a8 3 el s A H e Ae S AHlwa Joh WAHH T 73
F719] ASde 19 Fa7]E3 4 F(Effective Daily Recovery Capacity
EDRO)S ©] &3t 28%S T3t Jdon, thg 2 122 78 F Ao

R= TXEX24 12)
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o, R : Effective Daily Recovery Capacity(kl/day)
T : Throughput rate in Kiloliter per hour(nameplate capacity)
E : 20%, Efficiency factor
24 : Working hour per day

odEe] A9 A%l AP AN} AYYoR TR 2 AP 2
Uy 202 WHSL Utk AT AYA A% AP P Pl =g
B U 20 WYL, AN AP A%, sEYel sty =
Fope] Bl AT QPR £8FE 4 (10 AP A F2o] 9
L fate] 3o WG 0UF 28 4 (DF o3 Ay

B, =1.25 < H, (13)
B, =0.625 X H. (14)
&, B, R FEF 38 28 F(meters)
B, ] B &7 EHE &8 &H(meters)

H, : = (tons)
e dA ARAA A28 S 12 AA87](Primary Temporary
Storage Capacity)®} 22 A &8 7](Secondary Temporary Storage Capacity)= -
AEH, 128 A8719 2882 4 (152 Zo] 14@4A17h 5 735744

2 734 Aol AAHE < dd VIE 2 wAAEST T Y

PTSC= EDRC (15)
STSC= PTSCX 2 (16)
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o, EDRC : Effective Daily Recovery Capacity
PTSC : Primary Temporary Storage Capacity
STSC : Secondary Temporary Storage Capacity

(2) t-&AIZE A

>,
(!
flo
s
2
u)
I
AC)
S
—
2
o
2
-
18
NE
ol
o
o
2
-
12
o
£
2
R
i
0%
o
to

E}(Transport Canada, 1995).

Table 9 Response Time for each tier

AR A Tier 1 Tier 2 Tier 3 Tier 4
274 & 641 3E 12X1%k N/A N/A
1238A 74 N/A N/A 18412k 7271k
7l - N/A N/A 18412k T2A %k
71 eF7- < N/A N/A 18X ZH+ol Az | T2A R0l 5 A Xk
— 98 —
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Table 11 Area Classification
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EYISBT7 712348 A= Alolo] 9= AL M=z
(0)& 3ld 4 UA PL /he] =A@/ ¥4 &0 L3 4-9)
20 A oA AL ZEAN =9 &Fo] tE B-PY A

of At SE w #e WE i, O ASEN 23dEHE g BE
SR deixes AAEF S HEAA A

2. Reg. 240 AHst= [ Boh #2 4ol wIFzHVoid Space)olu; #2]¥ e
& 715
[e)

S =1 l
e

o = Bel HE B Eeiy2EdW A0 Ao

1o
o O
o

A

12

=

o

o2t

2

N

o Mo

)

ot

r>~
1=
of\

BN

fuj

1

Z9] 1/3%1 15,000K1E 87|53l F&&0let o4, o] = 3Y U= 3+
= AL B 3o A7 E3 58 1/220 7,500k @Y st
H) v x]Folg} s, A9l A= A9 AY S HudA A A 7HEA|
N AGFAAGH TR er Ul ZIEAY Y T REEe 9A
W3k Table 109 7|&< ol&ste] AHAStaL, o] &9 1/3% 7|38
R x| Folet o Igja A9 FAAFY WA FS A9 ZIEAIHEY )
AFE A UAE X sts AS d7o 2 st JtHEF3 5, 2009).

Ql

FAZH 5 FE A A 18)F 2ol FIFIY F FEIFT

2]
(Total Recovery Capacity ; TRO)= o2 o] &3t AQ &S T3t JUTh

TRC = Tx<3x8x%0.2x0.33 (18)
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Table 19 The Number of Ship’ s Entry(Y2012~Y2016)
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Table 20 Spill Volume of Past Oil Spill Accident(Y2012~Y2016)
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Table 21 The State of Aquaculture(Y2017)
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Table 22 The regional State of Particularly Management Sea Area
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Table 23 The Number of Amenity Users(Y2016)

[ Al o 7
A ) AsAE ol 8 L)
w2 A ez o 4 57 =
o] g7 SEEES
o Al 40,873,182 1,225,375 42,098,557 0.8779
T
a7 A _
ohof 328k 5,923,800 - 5,923,800 0.1221
29l ol Elacty - 2,174 2,174 1.0000
3 A
A nang - - - 0.0000
3 B3 24

AP RAAE 84 ek AFRIRE 24 3ol iRt AYE ARE G5t

Table 24 Normalization Value

Az A AFRE
S AR A A
RS Ag | AF | A | @A | N3 | @A8Y | A%
E5F ARANE| 92F egam| BE | 9 | oA
ke 0.8390 0.6303 0.6688 0.9520 0.6214 0.3281 0.8779
24
73 A
oo =3 0.1610 0.3697 0.3312 0.0480 0.3786 0.6719 0.1221
Sl 0.5468 1.0000 0.0732 0.2369 1.0000 0.8891 1.0000
74
73 A
Akl 0.4532 - 0.9268 0.7631 - 0.1109 -
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Table 26 Final Hazard Value
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Table 27 Optimal Allocation of On-water Spill Response Equipment
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Table 29 Distance between 1% case spill location and each Port
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Table 30 Present and Optimal total effective recovery capacity of each port
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Table 31 Distance between 2™ case spill location and each Port
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Fig. 24 Response Time of Present Allocation(2nd)
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Table 32 Distance between 3™ case spill incident location and each Port
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)-8 Al ZHHour) F 33 %A A1 2k (Hour)

NEHIA AR

Present | Alternative Diff Present | Alternative Diff
-2.0 -0.66
= i g
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