An Analysis of the Government’s Oil Budget 
for the BP/Deepwater Horizon Blowout
August 5, 2010
A consortium of Federal Government agencies presented estimates of the disposition of oil discharged from the MC252 blowout that began on 20 April 2010 in the Gulf of Mexico1. The results of this analysis are summarized here, with an assessment of the precision and reliability of the constituent components.  
The budget is based on an estimated total discharge volume of 4.9 million barrels2 (1 barrel = 42 US gallons = 159 L = 0.159 m3).  The precision of this estimate was given as ± 10%, making it very well constrained.  Following release, 17% of the oil was estimated as collected near the wellhead by the suction pipes and “top hat” devices, 5% was burned, 3% was skimmed, 8% was chemically dispersed, 16% was “naturally dispersed”, 25% evaporated, and the remaining 26%, estimated by difference of the aforementioned categories and 100%, remains on the sea surface, on shorelines or collected from shorelines.
The estimates for oil that was collected near the wellhead, burned and skimmed are well-constrained and hence are likely very precise. The volume of oil collected near the wellhead is easily measured by noting the volumes occupied in the vessels accepting the oil and correcting for the proportion that was water after allowing adequate time for separation of the oil and water phases in the hold. Oil that was skimmed and burned on the sea surface first had to be corralled by containment booms, and the volume of oil contained in them is easily estimated by noting the surface area occupied by the oil and its thickness. Hence, these estimates are probably accurate to within ±10%.  

Losses of oil components from evaporation are also readily estimated. These losses may be estimated by models that are constrained by observations of the proportions of volatile components that remain in oil samples that are chemically analyzed, and by experiments to evaluate the proportion of the oil that is prone to evaporation. Hence, these estimates are also likely accurate to within ±10%.
In contrast, proportions of oil that dispersed are considerably less precise. For subsurface oil, dispersion may be estimated from oil measured in water samples combined with measurements of currents at the depths and locations where the samples were collected.  These samples give estimates of oil fluxes, which when integrated over time give estimates of mass. Unfortunately, measurements of oil in the water are relatively sparse and highly variable, and measurements of currents, while precise are also sparse.  Estimates of oil dispersed at depth may therefore not be accurate to within factors of two (i.e. between one-half to twice the point estimate) or more. Estimating the proportion of subsurface oil that was chemically dispersed requires comparing oil in water during dispersant application with measurements of oil in water before or afterwards. Given the high variability inherent in such measurements, these estimates are probably not much more accurate than are estimates of total dispersed oil.
Estimating the effectiveness of dispersants applied to surface oil is even more problematic. Oil that enters the water column following application of dispersants is usually measured by fluorometric analysis of grab samples, with relatively few samples collected and high variability among them. Precision is therefore probably no better than a factor of three or more (i.e. between one-third and three times the point estimate).

It is unfortunate that no attempt appears to have been made to estimate the volume of oil remaining on the sea surface, because this might have improved the overall reliability of the budget substantially. This could have been done by video-recording the sea surface while flying transects selected on a random sampling design. Carefully constructed and supported by samples of oil collected from locations where it was identified within the transects, this might have led to an estimate for surface oil per se with an accuracy of perhaps a factor of two.
Combining the parts of the budget that are relatively accurately estimated, the sum of oil that was dispersed, either naturally or chemically, and the rest of the remaining oil is likely about 51% of the discharge volume, with a range of 48.5% to 53.5%. Some of this oil has undoubtedly been removed by biodegradation, but the amounts can only be guessed at.  

The upshot of this analysis supports the following points:

*  As much as half the oil discharged may still be contaminating the waters and shorelines of the Gulf, roughly nine times the volume discharged by the Exxon Valdez.  Given the relatively modest impacts on shorelines, most of this is likely still at sea.

*  Collection at the wellhead was the most effective response, equivalent to all the other response efforts combined.  This merely reinforces the point that the best mitigation measure is to prevent oil from escaping into the sea in the first place.
*  Despite the massive scale of effort deployed, the effectiveness of in situ burning, skimming and chemical dispersion was limited, even when correcting for amounts recovered at the wellhead (6%, 3.6% and 9.6% respectively). This demonstrates the substantial limitations of response capability in the face of large-scale oil discharges even in otherwise nearly ideal circumstances. 

*  It is unfortunate that more quantitative studies on oil in different environmental compartments were not done, as their absence will constrain efforts to estimate natural biodegradation rates.

* A portion of the oil is refractory with respect to biodegradation. It is unfortunate that this proportion was not included as a constraint in the budget, as this would give the public a sense of the amount of oil likely to persist in the sea and on oiled shorelines.

