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Surface 
Waters

•Oil droplets sizes related to 
turbulence levels and 
dispersant use

•More exposure in water 
column with higher turbulence 
entraining smaller droplets 
and/or with dispersant applied

•Large droplets rise to surface 
while small droplets remain at 
depth

•Objective of SSDI – smaller 
droplet sizes

Deepwater 
Oil & Gas 
Blowouts

Important Processes Determining Oil Fate 
and Exposure of Responders and the Environment



SubSea Releases:
Depth and Release Conditions Control Oil Droplet Sizes

Oil properties control droplet sizes

• Lower viscosity  smaller droplets

• Lower interfacial tension smaller droplets

All else held constant, ….

• Higher oil and gas flow rates smaller droplets

• Higher Gas:Oil smaller droplets

• Shallower release depth  smaller droplets

• Smaller orifice  smaller droplets

• More dispersant  lower interfacial tension

• Lower interfacial tension smaller droplets



Sensitivity Study: Dispersants Reduce Droplet Sizes and So Increase 
Rise Time, Distance to Surfacing, and Dilution in Water Column

Rise time to the surface vs. 
initial droplet diameter 

Distance down current where 
the droplet size would surface



Sensitivity Study

Maximum percent of the released oil mass in each compartment at any time 
after the spill as a function of median droplet diameter (d50) 

Reduced floating oil when d50 <700 µm Reduced floating oil when d50 <400 µm



“Counter-Historical” Study of the Deepwater Horizon Spill Response
A Comparative Analysis of Alternative Uses of Dispersants

“What if …”

Subsea dispersant injection (SSDI) had not been used?

SSDI had been more effectively applied over the entire spill period? 

What occurred

Fate and transport modeling derived from DWH NRDA and later analyses

Model validated (French-McCay 2021a,b,c: in FMARS and Mar.Poll.Bulletin) 

What would have occurred (5 alternative scenarios)

What would have been the fate of DWH oil?

How would have environmental exposures been different?

How can we evaluate potential tradeoffs?

Floating and shoreline oil vs

Dispersion in the water column

French-McCay et al. 2022 (Mar.Poll.Bulletin)
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What Occurred – Oil and Gas Release Rates 
and Dispersant Applications Varied Over Time

• Flow to environment declined in time

o From end of riser (large orifice)

o From small holes at the kink pre-June 3

• Response:

o Mechanical removal 

o In-Situ Burning

o Surface dispersant

o SubSea Dispersant Injection (SSDI)

Daily Oil Flow Rate to Environment & Dispersants by Date 
(Lehr et al. 2010 / Government Estimates)
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SSDI: Variable Fraction Treated and Variable Dispersant:Oil Ratio (DOR)
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Modeled 6 Cases with Varying Droplet Size Distributions for SSDI 

Without SSDI – Large droplet sizes, oil surfaces

1) No intervention

2) In Situ Burning (ISB)

3) ISB + Surface Dispersant (SD)

With SSDI – Gradation of smaller droplet sizes

1) Actual SSDI (as per DWH event)

2) SSDI at 1:100 DOR (starting day 3)

3) SSDI at 1:20 DOR (starting day 3)
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Mass Balance in Actual Event
(Intermittent Dispersant Treatment, Partially Effective)

French-McCay et al. 2021. Oil fate and mass balance for the Deepwater Horizon oil spill. Marine 
Pollution Bulletin 171: 112681. https://doi.org/10.1016/j.marpolbul.2021.112681.



Mass Balance Results
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Scenario Atmosphere Burned Ashore Subsea

No 
intervention

46 0 19 36

ISB 45 3 17 35

ISB+SD 45 3 16 37

Actual SSDI 41 3 15 41

SSDI at 
1:100 DOR

29 3 16 53

SSDI at 
1:20 DOR

13 3 8 77



Floating Surface Oil
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What 
occurred



Emissions of VOCs to Atmosphere
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SSDI dramatically 
reduces VOC 

emissions (more 
dispersant  less 

VOC in air and 
less exposure to 

Responders)



Shoreline Oil Exposure (km2)
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SSDI 
dramatically 

reduces 
shoreline oiling 

(more dispersant 
 less oiling)



Water Column Exposures (m3-days)
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Water with Concentrations > Threshold (10 mg/L)

SSDI reduces surface water exposures due to 

- Less oil surfacing (and less entrainment)

- Droplets dissolving more at deeper layers



Water Column Exposures (m3-days)
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Water with Concentrations > Threshold (10 mg/L)

SSDI increased deep water and sea bottom exposures due to

increased dispersion and dissolution



Conclusions: SSDI Effects on Oil Fate and Exposure

• Droplet sizes (median diameter, d50) largely determine the oil amount surfacing and 
exposure

• d50 = f(oil volume release rate, GOR, DOR)

• d50 <150 mm leads to complete dispersion and biodegradation in deep water

• d50 ~150-700 mm leads to substantial dispersion and biodegradation in deep water

• SSDI decreasing d50 to <1mm reduces

• Surface oil mass and exposure to thick oil 

• Shoreline oiling

• VOC emissions into the atmosphere that would expose people and wildlife

• Concentrations of toxic components in surface and nearshore waters

• SSDI 

• moves oil to deep water

• SSDI more effective than surface dispersant

• directly applied (so less dispersant needed) 

• dispersed into a larger volume
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Thank you! 
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Part 2 of this study to be presented Wed. at 14:30-14:55

Comparative Analysis of Environmental Consequences 
Resulting from Alternative Spill Response Options as Revealed by
the Counter-Historical Study of the Deepwater Horizon Oil Spill


