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Abstract — The amount of chemically dispersed oil using the dispersant depends on the marine condition and the
properties of the spilled oil. In this study, numerical modeling and calculation for the variation of oil properties due
to weathering and the estimating the amount of chemically dispersed oil were carried out. To quantitatively ana-
lyze the correlation between dosage amount and chemical dispersion, sensitivity analysis was performed by vary-
ing dosage amount, dispersion efficiency, and dosage period of the dispersant. The developed model was applied to
the Hebei Spirit oil pollution accident and the comparative calculation was performed to estimate the amount of
chemical dispersion. As a result of calculation, the chemical dispersion amount was 625 kl when 300 ki of disper-
sant was used for 15 days. Based on the results of the sensitivity analysis, another case was calculated to obtain the
same amount of dispersion with the minimum amount of dispersant under the same response conditions. As a
result, it was required to use 105 kI of dispersant for 5 hours. In other words, the dosage period and amount could
be reduced by 14 days and 1/3, respectively. Therefore, it is possible to minimize the dosage period and amount of
the dispersant using the model derived from this study.
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Fig. 1. Flow chart of calculation algorithm.
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Fig. 2. Dispersant application performance with wind speed.
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Fig. 3. Dispersant application performance with viscosity.
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Table 1. Calculation conditions for a hypothetical scenario

Oil Arabian Heavy
°API 27.4

Viscosity 48 ¢St @16 °C

Spilled Volume 1,000 kl

Wind Speed 3 m/s
Water Temperature 14°C
Simulation Time 72h
Swath Width 10 m
Application Speed 5kn
DOR 0.05

Table 2. Comparison of calculation conditions of sensitivity analysis
of dispersant dosage

Basic case
1 kl/h

Case Comparative case

DOR * EV/DE

Dosage rate
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Fig. 4. The dispersant dosage rate and remaining oil volume over
time for no dosage case, basic case (‘Fixed’), and comparative case
(’Required’); (a) High dispersant efficiency, (b) Low dispersant effi-
ciency.
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Table 3. Chemically dispersed oil volume and residual oil volume of sensitivity study on dispersant dosage (during 3 days)

Case No Dosage Fixed (Basic) Required (Comparative)

High Low High Low

Dispersant Dosage (k1) - 30 30 29.9 54.5
Chemical Dispersion (kl) - 272 164 561 549
Remaining Oil (kl) 720 483 578 253 262
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Table 4. Chemically dispersed oil volume and residual oil volume of sensitivity study on dispersant efficiency (during 3 days)

Efficiency of Figs. 2 & 3 (Basic)

Efficiency of Figs. 2 & 5 (Comparative)

C No D
ase o bosage High Low High Low
Chemical Dispersion (kl) - 272 164 244 111
Remaining Oil (k) 720 483 578 508 628
Tam. 5p.m.
Basic dispersant dispersant dispersant
case
sunrise sunset sunrise sunset sunrise sunset
Com parative dispersant
case
| | | | | | | | | | | | |
[ [ \ [ \ [ [ [ [ \ [ [ [
spill 12h 24h 36h 48h E0h 72h

Fig. 8. Comparison of calculation conditions for sensitivity analysis of dosage period of dispersant.
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Table 6. Calculation conditions for estimating the amount of chemical
dispersion of actual accident case

Oil Iranian Heavy
°API 30
Viscosity 17 ¢St @21 °C
Spilled Volume 12,547 ki
Wind Speed 7~12 m/s
Water Temperature 12°C
Simulation Time 15 days
Application Speed Skn
DOR 0.05

Table 5. Chemically dispersed oil volume and residual oil volume of sensitivity study on dispersant dosage period (during 3 days)

Case No Dosage Long (Basic) Short (Comparative)
High Low High Low
Chemical Dispersion (kl) - 272 164 406 329
Remaining Oil (k1) 720 483 578 382 444
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Table 7. Result using actual accident information

Case Basic Best
Dispersant Dosage (k1) 300 105
Chemical Dispersion (kl) 625
Evaporation (kl) 3,830 3,766
Natural Dispersion (kl) 13 13
Remaining Oil (kl) 8,079 8,143
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0
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(a) Modified Hebei Spirit case
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=
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/ //////////////////////// SIS

2000

Time (d)
(b) Dosage minimization case

Fig. 11. Change of oil volume over time; (a) Modified Hebei Spirit
case, (b) Dosage minimization case.
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A : area of the spill (m?)
C, : dissipation constant
D : volume of chemical dispersion (kl)

DE  : dispersant efficiency

: dispersant to oil ratio

D,, : dissipated breaking wave energy per unit surface area (J/m?)
d : volume of dosage (kl)

d, : oil droplet size (mm)

: surface area per unit volume mean diameter (pm)

E : volume of evaporation (kl)

EV  : encounter volume (kl)

F,.  :fraction of sea surface hit by breaking waves per unit time (s")
h : slick thickness (m)

i : number of pseudo component

K : mass transfer coefficient

P : vapor pressure (Pa)

O, : entrainment rate of oil droplets (kg/m’s)
R : gas constant (Pa-m*/mol-K)

S, :interfacial area of oil-water (m*cm™)
S.» : fraction of sea surface covered by oil

T : ambient temperature (K)

~

: time (s)

t,.. . endtime of simulation (s)

U : wind speed (m/s)

14 : volume of remaining oil (k)
v : molar volume (m*mole)

% : application speed (m/s)

w : swath width (m)

Y : volume fraction of water

At : time step (s)
1% : oil viscosity (cSt)
p : oil density (kg/m®)

: mole fraction
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