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Abstract — Oil budget calculator identifies the removal pathways of spilled oil by both natural and response meth-
ods, and estimates the remaining oil required response activities. A oil budget calculator was newly developed as a
response tool for Deepwater Horizon oil spill incident in Gulf of Mexico in 2010 to inform clean up decisions for
Incident Comment System, which was also successfully utilized to media and general public promotion of oil spill
response activities. This study analyzed the theoretical background of the oil budget calculator and explored its
future application to Korea. The oil budge calculation of four catastrophic marine pollution incidents indicates that
3~8% of spilled oil was removed mechanically by skimmers, 1~5% by in-situ burning, 4.8~16% by chemical dis-
persion due to dispersant operation, and 37~56% by weathering processes such as evaporation, dissolution, and
natural dispersion. The results show that in-situ burning and chemical dispersion effectively remove spilled oil
more than the mechanical removal by skimming, and natural weathering processes are also very effective to
remove spilled oil. To apply the oil budget calculator in Korea, its parameters need to be optimized in response to the
seasonal characteristics of marine environment, the characteristics of spilled oil and response technologies. A new
algorithm also needs to be developed to estimate the oil budget due to shoreline cleanup activities. An oil budget
calculator optimized in Korea can play a critical role in informing decisions for oil spill response activities and
communicating spill prevention and response activities with the media and general public.
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20101 49 20 V] FolxJohdT: AQOREE HEHoR
83 km "ol WAt S| HollA] G A-5-S]Ak(British Petroleum)
9] Y98 Zefo]E=(Deepwater Horizon)& 7} EHslax 31¢ie] ¥
A tH(National Commission on the BP Deepwater Horizon Oil Spill
and Offshore Drilling[2011]; KRISO[2013]). &ALl 2 APE 117, &
781789 Qg eli7F iAeelar, AbaL 178 0 = - 4909
wi(eF 77.8%F 2ol FEH o] oF 2,570 km?] dHqbo] @ HF o]
SAAMY FHote] AR 7]E HQTtHKim ef al.[2011]; Choi et
al.[2011]; KRISO[2013]).

n=2 JE SefolEs Al B § 2wk 7hEs RE
APgn] Bl A7 eS 288l fEE 715S A AlEEc
(Ha et al[2010]). 78 0256 A3AA, 3771, 22, fA2)Al
oo ARERE QI9TA] WAl ofal] FE2l 41%7F Al E Sck(Fig. 1)
(Ramseur[2010]). 114 ®Al|ol] 2J3)] A A=A k2 7|52 S,
G, watell gt ApAA Fakkgel sl el 37%7F Al
AL, WA 22%2] 7152 aibel] A=A foF Y R A,
79l B4 24l <Jsf Aele 210 AE|Irk(Ramseur(2010]).
o]} o] w|= WA= Fgel] FEE 7152 1914 e A}
A2 AA Ame} o= vfetstar F7FAlEe] Fad IT1E
s AHgs] HaM i A4 2 9(0il Budget Calculator)
W8 aL, =7 PAFALA] $12 - (NIC) B Al el sk
2k S SE A RS Algsisic.

2] 712 HA a1 98 SefolEs AkaL o]
FH fF3l7]e ogt A, Az V1E, A AR S 7
£3517] $8l 2= 30th(Douglas et al.[1994]; Jernelsv and Lindén
[1981]; The Federal Interagency Solution Group[2010]). 7]<& -+
Q4 AtaLe] A Adut BAE Akeka, @eld A el
&= A, §70] 71e53E sl AR %5 AMdet
QArt. 7128 WSS HE SefolEs ARl 5 AR
A5k dis dAI7F %1, B gk 7o) sl o]l

HE 2ol AkaL GA vl A Z2A(USGS), 193]t
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Fig. 1. Oil budget estimates with the ranges of uncertainty (Ramseur
2010: Fig. 5).
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(USCQG), s t71 (NOAA), TTHEF7 AT WNIST)7 3+
AR AR ) ATE ARE BEIe] FEF T
A7A Bels Al Zo] 7}t (The Federal Interagency Solution
Group[2010]). ©] FH& H9)E] Fejol=s 7|863 Al oF 22
912010 62 2297 E] WA f19 AAPAEA Y ete] s
T 3AA 07 ARGEY] AR AR of 359 $<1 20101 82
4oll= = AR Bl A3E g sl A sl
ol =28 % U} BIAR, BT Y FRAR ol §E24 5
B Ayt @3] 91-8-% 2 tH(Ramseur[2010]; Lehr et al.[2011];
National Commission on the BP Deepwater Horizon Oil Spill and
Offshore Drilling[2011]).

ek vk Bt 5 2590] ok st g 9]
&o] szar, AlAllA sllke el 71 F ekt =7} Z- shueltk. BEgk
Ao el 2 sl 953 Z7h2 v oF 251220112015 &
Fh)e] L AAR7T EAEkaL Qltk(National Indicator System [2016]).
58] @ kel UlS S S 2ushs AdE et Qs o
oi$t A A3 A2 a7 @A sk Qlek. 58], AT Akl
(1995)%] RAFLNE- 7362) ) (Maritime Affaires and Fisheries[2002]),
o] AT EF AL (2007)2 oF 7,34121912] A1 vjsiE =
2SI Choo[2014]). A SheFeAba} A %A O = WAyF
&= &k, AAA oL FeHQl sk ths- vy B 71<=0]
Rtajo] 2%e oA A1 ge] B} Ik B8] fEH 7)50]
ofwd ®Al7 el 2laiA Arhd s5E Sl WAL F e sk A7
Bo o} EeAel g ale WAl @eld A4 o)) )
W HSIe ofefl i dtellM= HAE FEfolEs Akl tigollA
HETHOR AEE FEA AN 7L Tl =Sk 5

BH0R Bl mue] /IR, N, v BN B

2.1 BHo| 7|2 &M
e @ A A AAAEY] shtR AjZo] s fE
TR Rde §EH V5 AA AR, AAY E AR V15
FEsksl| e B4 v 22 54E 7 AL olvk
- BRI gl A D& F Y= HAEE M-St &
= = glofof gt}
- AFZA A B AR A F(1CS-209)7) AlF-aR= K9} H|S:
st A3E Aalsljof sttt
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*FEF TX|EAM 2o 26t 2 2 A2 The Federal Interagency Solution
Group[2010] ! KRISO[2013]01| 7|=& HE 2| AUSsHAULC
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Table 1. Major oil spill incidents in marine environment
Spill Incident 'Deepwater Horizon ’Ixtoc I *Exxon Valdez *Hebei Spirit
Area of Incident Gulf of Mexico, USA Gulf of Mexico, Mexico Alaska, USA Chungnam Province, Korea
Source of oil spill oil well (1500 m depth) oil well (51 m depth) oil tanker oil tanker
The amount of spilled oil in barrel 4.9 million 3.5 million 0.26~0.75 million 0.079 million

'Ramseur, J.L.[2010]; *Jernel6v, A. and O. Lindén[1981]; *Douglas et al.[1994]; “Kim[2008].
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A8 A2} § AFsok T,
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FA|shokatt.
RS S13 Bol ohlv] fERe €l BAITH N A

o

T ol A Bk, B S8 240 A8l 28l AlE
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cheksh WAz ol ola) Al Q1914 WA 0% A A
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Fig. 2. A diagram for oil budget calculation based on mass balance of spilled oil (modified from The Federal Interagency Solution Group

[2010]: Fig. 1).
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Table 2. Rate constants of oil budget calculator (The Federal Interagency
Solution Group [2010]: Table A1.2). Expected values (i) and 2.5th
(&o.025) and 97.5th ({,475) percentiles of the probability distributions
that model the associated uncertainties

Rate Constant Definition Coons K Coors
ky Natural dispersion(subsurface) ~ 0.10 0.20 0.30
k, Chemical dispersion(subsurface) 2/9 4/9 1.00
ks Chemical dispersion(surface) 0.05 0.10 0.20
ky 1" day evaporation 0.33 0.37 0.44
ks 2" day evaporation 0.00 0.04 0.06
ks Net oil fraction in skimmed oil ~ 0.10 0.20 0.40
k; Dissolution of dispersed oil 0.05 0.075 0.10
kg Natural dispersion(surface) 0.00 0.05 0.10

AgAE W AR i vide® AAE A, v
X2 XA THThe Federal Interagency Solution Group
[2010]: Fig. A1.3).
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July 14, 2010 Response Estimate: Percentage of Total

0 J

)]
o

HeE SElolEs

Best Case

Direct Recovery
from Well Head
170/0

Naturally
Dispersed
13%

Evaporated
or Dissolved
20%

Chemically
Dispersed
29%

Burned - 6%

Skimmed - 4%

Other Oil
1%

Expected

A mEle] S A8 HE 327
Worst Case

Direct Recovery

Direct Recovery f Well Head
rom Well Hea

from Well Head

17% 16%
Naturally

Ngturally Dispersed

Dispersed 12%

13%

Evaporated EV%DOFatledd

or Dissolved ggo Issolve

23% 70
Chemically

Chemically lepersed

Dispersed 10%

16%

Burned - 5%

Skimmed - 2%
Burned - 5%

Skimmed - 3%

Other Qil
Other Oil e
23%

Fig. 3. Oil budget estimate expressed as percentages of the cumulative volume of oil discharged through July 14, 2010, in the best, expected,
and worst case scenarios (source from The Federal Interagency Solution Group [2010]: Fig. 13).

3. FEF FAIEM ™o I /&

u)= HJE Sefo|EE ALl Al 7
oA LAY FHjo] AZB|ES F24 75E Aol AW
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2% 9t 12,547 kI(77F9A vl 57}

102 74A] ek 3102 7+ HFA =2 o)

Institute[2008]). F 213%

U7t 9=, gob‘ﬂi 47 km, 3571 420, 5

A A 298 kI7F A UL}, sl Al EE o= "—‘.‘*J uﬂﬂg

QA A HE
W f3F AN RS
H=9%a 2008 10€

A4 =] ] th(Korea Maritime
GF o] WAQlY, Ak 19, 864f<4 6117] 346

2,360 kl, 1% H7]E 1,03420] AL, SPEA| Dol 23|
N w715 1,815k, 218 ¥|71%E 31,0400 A% A ch(Korea
Maritime Institute[2008]). AA] 57 5424 o] s iAol
285 925 Qlo], sidlo] AxE|ES A A 29 5 sy
A Fel BEks A8sigict. A Bdlle)] oE€R VE AEE
9 A R E Table 39 21, g Aol AR Bl-87d< (k-
ko= HHE sElolEs AlaL Al A8-E 7R (w)(Table 2)5 AH-
Sk JYE FElolE A Alasl gl Flo] AZe|ES A}
IE 3ol TAsE 324 Abare]7] whgel slieaelx Q] ik
T Ve, Vpy s 2102 7Pgsiint. A4 29 2875}

Table 3. Data input for Hebei Spirit spill incident used by oil budget calculator (Based on Korea Maritime Institute [2008]: Table 3-3)

Response Information Volume (kl) Note
Discharge 12,547 The amount of spilled oil during the first 2 days period after the spill incident
Oily water waste 2360 Oily water waste collected from the surface water
Dispersant use 298 The amount of dispersant applied for spill response in the surface water
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Table 4. Comparison of oil budget calculation for major oil spill incidents (percentage of total spilled oil)

Response Activities in the surface water

Weathering Process

Spill incidents Mechanical Removal Burned Chemically Evaporated Naturally *Others
(Skimmed) Dispersed /Dissolved Dispersed
'Deepwater Hori- 3 5 16 24 13 19
zon
Ixtoc I 5 1 6 50 6 32
SExxon Valdez 8 0 0 20 23 48
‘Hebei Spirit 3.8 0.0 4.8 39.5 3.2 48.8

'Source from Ramseur [2010]. The oil directly recovered from Well Head is categorized as Others. Chemically dispersion includes both surface

and subsurface application of dispersant.

“Source from Jerneldv and Lindén [1981]. 12% of spilled oil was removed by both chemical and natural dispersion. We assumed 6% was dispersed

by each of chemical and natural dispersion.

3Source from Douglas [1994]. Naturally dispersed oil is the estimate during the 50 day period after the spill.
“The result of oil budget calculation for Hebei Spirit, based on input data in Table 3 and rate constants () in Table 2.
’Others indicate the remaining oil that is not removed by response activities and weathering processes in the water column, which include tar balls,

surface slicks, sinks due to sedimentation, beached oil, etc.
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Fig. 4. Oil budget estimates for Hebei Spirit incident with the ranges of uncertainty based on expected (), 2.5th ({;,s5) and 97.5th (§y.475)

percentiles of k values.

F31571(3.8%) W Fx12# . 8%)~ AR slvdAlel <&l 8.6%
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(Table 4, Fig. 4). 21314 vﬁ}ﬂ%— 4l s dgAlel Ssl AAE 75
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AA $A 9} 3184 E*Poﬂ H&l] A FE 4 AAF] 6~179)
ok & ke B3ITKFig. 4).
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