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Abstract — Estimation of marine oil spill recovery capacity using skimmer was calculated. The weathering process of
spilled oil, marine environment, and efficiency change of skimmer over the time were numerically calculated. To
verify the calculation model, WuYiSan oil spill accident happened on January 31, 2014 was selected as benchmarking
test. A comparative analysis on the recovery capacity using the nameplate capacity and the present calculating
model was carried out. The nameplate capacity estimations showed overestimation. On the other hands, the calcu-
lation results of the present study showed similar recovery capacity with actual value. The recovery capacity esti-
mation model used in this study will be helpful in establishing the response strategy in the future.
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o37]4 W = sweep width, swath
v=tow speed

t = oil thickness calculated in eq.(1)

AToME 7150] 2 B vhoR fAlEA] ok # 2AE 4
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Fig. 1. Schematic of mechanical recovery system through the OSRV (Oil Spill Response Vessel) (ASTM[2010]).
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Table 1. Oil spill accident scenario of WuYiSan case (KCG[2015b])

2014.1.31. 10:00
2014. 1. 31. 11:00~2014. 2. 4. 14:00

Oil spill time

Recovery period

Spill volume 800~899 kl
Crude Oil (483.9 kl)
Spilled oil (amount) Naphtha (284.1 kl)
Oily mixture (32~131 kl)
Wind speed 8~10 m/s
100— —
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Fig. 2. Recovery efficiency vs. viscosity with calm sea condition (a) and wind speed (b) (Genwest[2012]).
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Start Stop
Midnight Midnight Midnight Midnight
Day 1 stop Day 2 stop Day 3 stop Day 4 stop Day 5
e -« » -« » «— > «—— |
10:00 am Recovery [ Recovery | Recovery I Recovery [ Recovery
Oil Spill [ [ [ [ '
11:00am  6:00 pm 6:00 am 6:00 pm 6:00 am 6:00 pm 6:00 am 6:00 pm 6:00 am 14:00 pm
Date 1.31 21 22 2.3 24
Fig. 3. Timetable of WuYiSan oil spill accident scenario.
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Table 2. Calculation conditions of WuYiSan oil spill accident scenario
Calculation conditions Input value
Spilled oil remaining time 100 h
Recovery time 51h

Initial spill volume
Crude oil type
Number of skimmers
Wind speed
Sea water temperature

768 kl (Crude Oil (483.9 kl), Naphtha (284.1 kl))
Basrah Light (API 33.7)
34
8 m/s
7°C
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Fig. 4. Evaporated volume of spilled oil over the time.
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Fig. 5. Naturally dispersed volume of spilled oil over the time.
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Fig. 6. Remaining oil volume over the time.
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Table 3. Calculation result of recovered volume of oil, emulsion and free water, number of mobilized skimmers and nameplate rate according

to recovery time

Recovery  Recovered oil/ Recovered Recovered free Number of skimmers Mobilized skimmer nameplate Actual recovered amount
time (date)  emulsion (kl) oil (kl) water (kl) (accumulation) (unit)  rate (accumulation) (kl/hr) (k1) (KCG[2015b])
1 212.4 56.6 398.7 13 981 302.8
2 2359 23.6 4428 14 1,181 N/A
3 173.9 17.4 353.0 30 3,045 N/A
4 97.5 9.7 2243 34 3,445 N/A
5 34.6 3.5 89.0 34 3,445 N/A
Sum 754.3 110.8 1507.8 34 3,445 811.6
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A = area of spilled oil
C, = constant of oil dissipation
C, = coefficient due to oil droplet horizontal mitigation
C, = windrow coefficient
Cy.np = temperature constant
C..,, = constant of component change due to evaporation
C,.. = impact from droplet size constant
D,, = dissipation of wave energy per unit surface area
d, = oil droplet size
d, = average water droplet diameter
F = fraction of evaporation
F,. = fraction of breaking waves per unit time
K, = mass transfer coefficient
P, = partial pressure of each component
0, = oil entrainment rate
R = gas constant
S. = interfacial area of oil and water
Seow = fraction of sea surface covered by oil
T = water temperature
T, = oil reference temperature
t = oil thickness
Ic/i = volume of remaining oil

f

= evaporation rate of total moles

Y
<

R |
v = evaporation moles of each component
Vv, = evaporation volume of each component
v = molar volume
v = oil viscosity
Vo = oil reference viscosity
Y = water contents
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