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Study objectives

*To assess the yield of black carbon (BC) particles produced from
surface oil burning

* To examine the microphysical properties (i.e. particle size and coating
state) of the BC particles produced

- This information can help decision makers assess the potential
impact of surface burning on local and regional air quality

This is not meant to be a commentary on the relative harms and
benefits of surface burning as an oil spill remediation strategy
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Experiment
* Flight of 08 June 2010

Included sampling of burn plumes as well as gulf background air
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Black Carbon Yield

-6 -4 -2 0 2
Crosswind distance (km)

- 168x10
- 167 -
(@)

-1166 &
165 ©
4164 3
N

"’°:|163 )

* Requires a plume of
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concentration for CO2

levels to be well
above background
concentrations.

* The P-3
encountered one
such plume at
~1000m elevation
and sampled it for
~45 seconds



Black Carbon Yield
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Black Carbon Yield
Calculation

Convert % yield to EF (g-C/kg-fuel)

BCEF =850 g-C/kg * 0.042 g-BC/g-C

= 36 g-BC/kg-fuel

= 22-50 g-BC/kg-fuel (incl. unc.)
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Oil burned (g) = A(CO,+CO+BC) (ng C/g air)
(220 - 313 x 103 bbls) x (1.6 x 10> cm3/bbl) x (0.9 g/cm3)
=3.2-4.6x100g
BC emitted (g-C) =
(3.2-4.6 x 101° g) x (0.9) x (0.022-0.050 g-C-as-BC/g-oil)
= 0.63 —2.07 x 105 kg C

This amount is similar to the BC produced from shipping in the Gulf
region during the time period of active burning.



Plume injection height

* One marked difference
between the oil burn plume
and ship plumes is the plume
injection height

* The surface oil burn plume
was encountered at ~1000m,

well above the MBL

- This will impact lifetime




Microphysical Properties I: Particle Size

BC mass (fg)

0.1 1 10 100 1000
‘ : : 3 1y LEL L L LI L B | I I....I..l..l IIII .......... l ..... l...l..l..l..lq
. ‘ I x0 = 154 nm
e ----Gulf background prxs_. | X0 3881m
A S . & i
> 3 ‘P'Ufne ___________________________________________________________________________________________________________________________
3 £
= T 90 T T
° s
* Oil burn BC
particles are
much larger than  _
. v
typically seen 2 *§’
elsewhere. 8 >
—_ (O
>This willalso © &
impact lifetime




Microphysical Properties lI:

Coating State
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* Coating state is
determined from the
time delay between

the peak
incandesence and

peak scattering
signals.

* Binary determination
* Detection threshold

of 15-20nm coating
thickness



Microphysical Properties lI:
Coating State
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Main Conclusions

The black carbon yield from surface burning of oil is determined to be 36 +
14 g/kg

The total mass of BC aerosol introduced to the atmosphere over the 9
weeks of active burning was ~ 1.3 x 10° kg

The particles were observed to be larger than the background BC aerosol
in the Gulf

The majority of particles are uncoated and the plume was encountered
well above the MBL.

Other Comments

It is unlikely that the particles arising from surface oil burns had large
adverse impacts on population centers along the Gulf coastline

The climatic impact of this burning was likely small
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BC Mass Specific Extinction

* When BC dominates total
particle mass we can
calculate the mass specific
extinction

* Using integrated
extinction and BC
observations in the plume
we calculate a BC mass
specific extinction of
7.1 * 2.8 m?/g

Dry Extinction at
532 nm (Mm )

BC (ug/m")

*This is lower than
previously reported
literature values and may
indicate something about
particle morphology
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