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Chemical data quantify Deepwater Horizon hydrocarbon
flow rate and environmental distribution
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Detailed airborne, surface, and subsurface chemical measurements, primarily obtained in May and June 2018, are used to quantify initial
hydrocarbon compositions along different transport pathways (i.e., in deep subsurface plumes, in the initial surface slick, and in the
atmosphere} during the Deepwater Horizon oll spill. Atmospheric measurerments are consistent with a limited area of surfading oil. with
implications for lesked hydrocarbon mass transport and ofl drop size distributions. The chemical data further suggest relatively litde
variation in leeking hydrocarbon composition over time, Although readily soluble hydrocarbons made up ~25% of the leaking mixture
by mass, subsurface chemical data show these compounds made up ~89% of the deep plume mass; only ~31% of the deep plume mass
was Initially transperted in the form of trapped off droplets. Mass flows along Individual transport pathways are also derived from
atmospheric and subsurface chemical data. Subsurface hydrocarbon composition, dissolved oxygen, and dispersant data are used to assess
release of hydrocarbons from the leaking well. We use the chemical measurements to estimate that (7.8 + 1.9) x 108 kg of hydrocar-
bons leaked on June 10, 2010, directly accounting for roughly three-quarters of the total leaked mass on that day. The average envi-
ronmental release rate of (10.1 4 2.0) x 10% kg/d derived using atmospheric and subsurface chemical data agrees within uncertainties
with the official average leak rate of (10.2 + 1.0) x 10° ka/d derivad using physical and optical methods.
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nowledge of the composition,

distribution, and total mass of the

hydrocarbon mixture (gas plus

oil) emitted following loss of the
Deepwater Horizon (DWH) drilling unit is
essential to plan mitigation approaches
and to assess environmental impacts of the
resulting spill. Estimates of DWH hydro-
carbon flow rate were originally derived
using physical and optical methods applied
during the spill; values were subsequently
refined, and an official government esti-
mate of oil flow rate was published (1).
Analysis of airborne atmospheric chemical
data provided information on hydrocarbon
evaporation into the air and a lower limit
to the flow rate (2); however, a more de-
tailed description of environmental distri-
bution has not been available. Here, we
present combined atmospheric, surface,
and subsurface chemical data to constrain
physical transport pathways, and the re-
sulting composition and mass flow rate of
DWH hydrocarbon mixtures ulong cach
pathway, following subsurface release
from the leaking well in early to mid-
June 2010.

Our analysis primarily focuses on the
period following installation of Top Hat
no. 4 on June 3 (3), which includes flights
by a chemically instrumented P-3 aircraft
(2, 4) and remotely operated vehicle
(ROYV) sampling of leaking fluid at the
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well (5), and ends roughly in late June at
the conclusion of the R/V Endeavor cruise
(Fig. §1). The suite of deployed subsur-
face, surface, and airborne measurements
offers spatial, temporal, and chemical de-
tail that is unique to this period and to
this spill. We use atmospheric, surface,
and subsurface measurements of
hydrocarbons, dissolved oxygen, and dis-
persant from throughout this period, as
well as considering additional chemical
data foliowing closure of the well, to define
the initial compositions, distributions,

and mass flow rates of the hydrocarbon
mixtures evolving along different pathways
following release into the marine
environment.

Resuits

1. Composition Data Constrain Physical Trans-
port Pathways. DWH hydrocarbons were
relcased at a depth of ~1,500 m in a high-
pressure jet, resulting in gas bubbles and
liquid oil droplets with an initial number
and volume distribution that is not yet
well quantified (1). Size and chemical
composition of the hydrocarbon bubbles
and droplets evolved extremely rapidly
following release from the well (6). A
complex interplay of physical processes
determined hydrocarbon-water plume
mixing dynamics (7, 8) and affected

the composition and 3D distribution of

the hydrocarbon mixtures within the
water column, at the surface in the re-
sulting oil slick, and in the overlying
atmosphere (2).

Prediction of mass fluxes along envi-
ronmental transport pathways following
a deepwater blowout requires accurate
understanding of time-dependent dynam-
ical behavior and evolving chemical com-
position along various transport pathways,
on time scales of seconds to weeks fol-
lowing release. Three observed features
of the DWH spill offcr key insights into
marine transport pathways:

a) Short surfacing time constrains oil
droplet size. Visual observations from
response vessels suggested a ~3-h lag
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