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Virtuous cycle of continuous improvement

Knowledge gained

Oil spill contingency
Follow-up planning

scientific studies

Incident or exercise

Oil spill response and
clean-up

Post-spill monitoring
and impact assessment
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Impact assessment and response effectiveness

Impact assessment is the retrospective measure of the impact/damage caused by a
particular oil spill

e This quantification can be used for various purposes

Response effectiveness could be quantified by the amount of impact/damage
prevented by oil spill response
e This is therefore a measure of something that did not occur

e |tis very difficult to accurately quantify the effectiveness of oil spill response at real oil spills



Real and hypothetical oil spills

Large oil spills are rare events and are getting more rare

e Obviously a ‘good thing’, but means that there is a limited knowledge base derived from actual
observation and measurement

There is a regulatory requirement to prepare oil spill contingency plans for certain
activities
e Hypothetical - most often computer modelled - oil spills ‘occur’ at a much higher frequency
than real oil spills

How can we ensure that the computer models used accurately reflect what would really
occur in the modelled oil spill scenarios?
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NEBA and SIMA

Net Environmental Benefit Analysis (NEBA)

e NEBA is a structured approach to compare the environmental benefits of potential response tools
and develop a response strategy that will reduce the impact of an oil spill on the environment

Spill Impact Mitigation Assessment (SIMA)

e SIMA is a [NEBA] methodology, developed to help facilitate the selection of the most appropriate
response options to effectively combat an oil spill



The SIMA process

Compile and evaluate data for relevant oil spill scenarios including fate and trajectory modelling,
identification of resources at risk and determination of feasible response options

Predict outcomes/impacts for
a. the ‘no intervention’ (or ‘natural attenuation’) option and
b. the effectiveness (i.e. relative mitigation potential) of the feasible response options for each scenario

Balance trade-offs by weighing and comparing the range of benefits and drawbacks associated with
each feasible response option, including no intervention, for each scenario

Select the best response option(s) to form the strategy for each scenario, based on the combination
of techniques that will minimize the overall ecological, socio-economic and cultural impacts and
promote rapid recovery




Some large oil spills of the last 50 years

Incident Name

Torrey Canyon
Amoco Cadiz
Exxon Valdez

Braer
Sea Empress

Prestige
Hebei Spirit
Deepwater Horizon

1967
1978
1989
1991

1993
1996
1999
2002
2007
2010

Incident type Oil spill
size

(tonnes)
Oil tanker grounding 119,000
Oil tanker grounding 223,000
Oil tanker grounding 37,000
Oil tanker explosion and fire 144,000
Oil tanker grounding 85,000
Oil tanker grounding 72,000
Product tanker break up 20,000
Product tanker break up 63,000
Oil tanker collision 11,000
Subsea gas and oil blowout 430,000

Oil type

Kuwait crude oil
Saudi light crude oil
Prudhoe Bay crude oil
Iranian heavy crude

Gullfaks (Norway) crude oil
Forties crude oil

Heavy Fuel Oil

Heavy Fuel Oil

Middle East crude oils
Macondo crude oil
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Similarities and differences

What was learned from these oil spills?

e Many lessons learned at Torrey Canyon about oil spills in general and the inadvisability of using of
toxic industrial detergents

e Dispersant used at Braer and Sea Empress incidents
« Extremely rough sea and oil type dominated oil fate at Braer

e Dispersant use not appropriate at Erika or Prestige

e Shoreline clean-up significant at most spills

How much information gained from one oil spill be usefully transferred to the
circumstances of another?



volatile organic surface slick
compounds . <. air
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o larger mean
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diameter
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water column
water soluble

oil components droplet buoyancy

smaller mean,
diameter ;

dilution with
distance

subsea drift
Biodegradation of dispersed oil

outflow of oil and gas = subsea current
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The Deepwater Horizon incident

/V

3.19 million barrels (~ 430,000 tonnes) of oil released into waters of Gulf of
Mexico over a period of 87 days

1.84 million US gallons (6,631 m3) of dispersants were used
e 53% sprayed from aircraft, 42% injected subsea and 5% sprayed from ships

Very extensive post-spill monitoring and impact assessment conducted for
several reasons including
e NRDA (Natural Resource Damage Assessment) under OPA 90
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Dispersant use at Deepwater Horizon

“Traditional” dispersant spraying onto oil on the sea surface:
i.  Oil dispersed into water column
i. Dispersed oil diluted to low concentration in water
ii. Dispersed oil biodegraded by naturally-occurring microorganisms

Novel subsea injection of dispersant
e Much more targeted way of using dispersant
e Lower dispersant treat rate needed
e Same general principles: disperse, dilute and biodegrade



e
Influence of media and the internet

Internet permitted almost instant propagation of:

e |Information, misinformation (unintentionally false), and disinformation (intentionally false or
inaccurate information that is spread deliberately)

Concern - bordering on hysteria - about the potential effects of the oil spill and the
response actions spread widely
e Stoked by the mis /disinformation and the prolonged nature of the incident

A wide range of misunderstandings about purpose and effects of dispersant use
were put forward

e And these misunderstandings were not only in the minds of the general public

e Politicians and regulators were also confused
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Oil spills are not scientific experiments

/V

There are too many uncontrolled variables
e Small experimental oil spills require pre-planning and organisation

Too many unknowns

e [n many cases the amount of oil released is not known
« And cannot be measured either as oil on sea surface or as oil dispersed into water column

« Water samples can be taken and measurements (e.g. fluorometry) made, but there will be
insufficient resolution in distance or time to construct a mass balance

e |f the resources have not been catalogued in the pre-spill state impact assessment
can be difficult
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Dealing with unknowns
Not being able to adequately answer questions about the unknowns can look like
weakness or incompetence
e Politician and regulators do not like that

There is a widespread belief (often propagated by researchers) that conducting
carefully controlled scientific studies will make the unknowns known

There are often “R&D funding blooms” after large oil spills
» The Deepwater Horizon incident was a very large incident
e $3.55 billion have been allocated for R&D



Funding for R&D after Deepwater Horizon

Penalties and reparations from the 2010 Deepwater Horizon spill have enriched three US

non-governmental organizations that support research.

Source Amount Objectives Funding start/end

GoMRI BP donation USS500 million  Oil dispersion and degradation 2010-20
Gulf of Mexico studies; ecological and health
Research Initiative effects

NFWF BP and Transocean USS$2.55 billion  Restoration and risk-reduction 2013—until depleted
VN EWGLHEINIE LN plea agreements projects; construction of
Wildlife barrier islands
Foundation

NAS BP and Transocean USS500 million Environmental protection and 2013-43
VN ENLEINACEL[13\A plea agreements human health studies;
of Sciences education and environmental
monitoring



~— GoMRI (Gulf of Mexico Research Initiative)

e
Number of published GoMRI-funded papers

All S500 million of GoMRI funding has been 250
committed and ongoing projects will end in 2020

e Research programme conducted primarily at US =
Gulf Coast States research institutions 150

e Thousands of researchers involved and hundreds
of students qualified 100

e Over 1,000 peer-reviewed scientific papers have
been published so far 50
0
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Findings from GoMRI funded studies

Very many of the studies have confirmed what was already known

e Qil spills can have a wide range of negative effects on a range of organisms

« Studies have been more specific to GoM species

e The concentration and exposure regimes used in toxicity and biodegradation studies may
have contributed to some surprising results

What new or novel has been discovered so far?
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Two of the more surprising “new science” findings

MOSSFA (Marine Oil Snow Sedimentation and Flocculent Accumulation)

e Hypothesis is that marine snow interacted with the Macondo crude oil and caused very significant
guantities of the crude oil to be deposited on the seabed to the detriment of the benthos

Claim that dispersants inhibit biodegradation of dispersed oil

e Dispersant use is much more normally considered to facilitate the rapid biodegradation of dispersed oil by
increasing the oil / water contact area available for microorganisms to colonize
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MOSSFA

Basis of argument

* ‘Fresh’ Macondo crude oil has a density of 0.833 gm/ml at 5°C and could not sink in seawater with
a density of 1.025 gm/ml

e Therefore “something” must have caused the oil to sink
e The something was marine snow generated by oil on the sea surface

Alternative explanation
e ‘Fresh’ Macondo crude oil can have neutral buoyancy if dispersed as very small oil droplets
e ‘Fresh’ Macondo crude oil rapidly lost some components by dissolution and was biodegraded
e Converted into much smaller quantity of recalcitrant residue
e Microscopic particles of this residue diffusely deposited on seabed under path of subsea plume
e Not bioavailable



by Valentine et al. 2014

Used concentrations of hopane in seabed sediment samples

e Hopane present at 69 ppm in ‘fresh’ Macondo crude oil and 1 gm
hopane derived from 15 Kg of ‘fresh’ oil

Total amount of ‘fresh’ Macondo crude oil released estimated at
~5.0 million barrels with ~2 million barrels being dispersed oil in the
subsea plume

Hopane concentrations on sediment over 3,200 km? of seabed
represented ~12% (a range 4% to 31%) of the total of 2 + 0.2 million,
i.e. 240,000 barrels of ‘fresh’ Macondo crude oil (with a range of
80,000 to 620,000 bbl) had been deposited on the seabed

Because hopane is used as a proxy for oil, the estimate does not
account for biodegradation or dissolution of other petroleum
hydrocarbons

me of submerged oil from Deepwater Horizon

@ CrossMark

Fallout plume of submerged oil from

Deepwater Horizon
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The sinking of the Deapuater Harizan in the Gulf of Maxico lad to
uncentroled emission of oil to the ecean, with an official govern-
mant estimats of ~5.0 million barreks relsasad. Among the prascs-
ing uncertainties surounding this event is the fate of ~2 million
barrels of submarged oil thought ta have hesn trapped in deap-
ocean mtlusmn Iayers atdepths of ~1,000-1,300 m. Here we use
chemical di of hyd i in = 3.000 i sam.
ples from 534 locations to describe a footprint of of deposited on
the deep-ocean flnor. Using a recalditrant binmarker of cruds o,
17uiH),.21p{H}-hopane (hopane), we have identified a 3,200-km*
region arsund the Macondo Well contaminatad by —1.8 1+ 10 =
10" g of excess hopane. Based on spatial, chemical, cceanographic,
and mass balance considerations, we calculate that this contami-
nation represents 4-31% of the oil saquestered in the deep acean.
The pattern of ion points 1o doep

layers as the source and is most consistent with dual modes of
deposition: o “bathtub ring” formed from an oil-rich layer of water
impinging laterally upon the continental slope (at a depth of
~800-1,300 m) and & higher-flux “falout plume” where suspended
oil particles sank to underlying sediment (at a depth of ~1,300—
1,700 m). We also suggest that o significant quantity of ail was
deposited on the ocean floor outside this area but so far has

microbial community (6, 8, 9, 13-15, 17, 2224} have prech
further andemstanding of the processes that acted on the o
In thi study we focus om testing the hypothesis that oil par-
tickes suspended in the deep intrusion layers were deposited on
the sea Aoor over a broad area. To do g0, we use publicly avail-
able data generated as pant of the ongoi
Dumage Asscsament (NRDA) process (Supperting Jrfrmetion)
to assess the spatial distribution of petroleun hydrocarbons n the
deep-ocean sediments of the Gulf of Mexioo. We foous on the
recaldtrant compoeund 17w(H). 21{{H)-hopase (hereafter referred
to s “hopane™ ) as a conserved tracer for cnude il deposition o
sediments we treat hopane as a degradation-resistant
proxy for Macondo's hquid-phase ail (26). Analysis of the
spntm] dhlrlhutmn ul hopane allows us o define both a re-
and a depasitional footprint of vil from
enl. In combination with other lines of
e, s le conclude that significs
quantities of particulate oil sank from the intrusion layers to rest
an the underying sea floor

Results and Discussion
Hopane Distribution Ic Consistant with Maconda as tha Saurca. Our

evaded d beause of it @ apatial di

Maccndo Well Biowon | Guf of Mexico | ocesn polistion
petreleum spill | desp plume

be sinking of the Deepwater Horizon in the Gulf of Mexico led
to the descharge of ~5.0 million barrels of petrolem from
the Macondo Well. The di
~1.500 mand gav

phase (2-6) and small particles of water-insoluble hydrocarbons
{711}, These intrusion layers were found primarily at a depth of
10001 300 m and may have hosted the majority of the eavi-
nc ~2 million
barrels of liquid oil [l |5 Atho:"h the mest abundant of the water-
soluble hydrocarbons underwent rpid biodegradation during the
spill (4, 6, & 9. 13-15), the fate and impacts of the insoluble
bydrocartoms @ the decp occan have remainal ancertan (16).
The inirusion layers that hosted hydrocarbon contamination

scrsisted for & mo or more and at distences =300 km from the

first goel was to determine if the distrbution of hopane in the
Gulf of Mexica's decp-wates sediments could be used quantita-
tively as a tracer of Macondo discharge. Because hopane = not
unique o Macondo Well wl, we investigaied i spatial distri-
bution (Fig. 1) for indications of its arigin. To help determine

Significance

Following the sinking of the Deepwater Horizon in the Guif of
Mexice an unprecedented quantity of of irrupted into the
ocean at a depth of 1.5 km. The novelty of this event makesthe
oll's subseguent fate in the desp ogean difficult to predict
This work identifies a fallout plume of hydrocarbons from the
Macondo Well contaminating the ocean floor over an area of
3.200 km, Our analysis suggests the ol initially was suspended
in deep waters and then s=ttied to the underlying s=a fioor.
The spatial distribution of contamination implicates acceler-
ated settling as an important fate for suspended oil, supports
2 patchwork mesaic mode! of ol deposition. and frames on-
going to the event's impact on deep-

F
well. but available evidence suggests that panicles of 5

call were p.znlcular]\ umu_nlr.zud duruu1 the first 6 wk n‘ |J|‘.

appears to h:m: g en W
deep-ocean processes. Such processes might include sedimen-
bucyant rise toward the sea surface, incomporation into
biota, biodegradstion, or interventioas at the wellhead.
st that support several of these options (9, 17—
to oll's actual partitioning, the effect
ersant (21). and the impacts of a changing

of chemical
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~ Characterization and flux of marine oil snow se

seafloor ..... by Stout and German 2018

Conclusions

The volume of oil deposited on the seafloor was 217,700 to
229,900 barrels, representing 6.8 to 7.2% of the total of 3.19
million barrels of oil released into the waters of the Gulf of Mexico

e Approx. 224,000 barrels of ‘fresh' Macondo crude oil was
deposited on the sea bed? OR

e A much lesser amount of the wax-rich, severely weathered
and highly biodegraded recalcitrant residue derived from
that volume of Macondo crude oil was deposited

Weathering (dissolution loss) and biodegradation of dispersed
oil not taken into account in the estimated amounts
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Characterization and flux of marine oil snow settling toward the seafloor in
the northern Gulf of Mexico during the Deepwater Horizon incident: Evidence

for input from surface oil and impact on shallow shelf sediments
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Sedliment trap samples from the shelf dge area (406-450 m wa T depth), 58 km marthesst af the Biled Macondo
well, were collected befare, during and after
perticd ates revealed that fuss ofspill derived TPH (2356 pg/m? /dar
¢) settling to the seafloar dimectly heneath the surfice plune wers 19 to 44-times higher during
the active spill than pre- and postspill backgromd values. The ol was ariably biodegraded, evaparated and
potosidized ndicaing what it derived fnun the sluldog of surfece ol The hopanebased o] Gus that we
alkulste {10bblAkm? indicstes that at kst 7
quently smk over an anda of approximate

- Deqpwater Horizan ail spill. Detailed chemical amalyses of

wtal PAH (5.4 pg/m? day), and hopane

1af Macmdo ail that reached the acemn surfie subse
2. We explare how this flux of sunken mrface oil cn

tributed to the total volume of 0il depasited on the seafioor following the Derpwatr Horizon inddent

1. Introduction

Between Aprill 20 and July 15, 2010 the Deepwater Horkon of spil
introduced approximately 4 millisn barrels of oil 1o the northem Gulf of
Mexioo (GoM) a4 depth of appresimataly 1500 m (Crone and 3y
1) One fraction of the Mamndo crude oll thal was reless
atnad at depth in the ocean in 4 combinarion of dissolved matarial
and physically- or chemical persed droplets, all of which were
advected away from the soune the form of alaterally dispersing non-
|:|3|d\ 1000-1300 m dep
however, a second
from I|v= Maoos 5 sufficiently
buoyant to due all the way 1o the ocean suface where |t was dispersed
by wind and currents over vast areas of the northem GoM ower a pertod
nihs (G
[ the dispersed oil from the deepsea plame andor
n ol from the sea surface was ultimatsly _gpmluz on |J>= -
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Ispersants can suppress the activity or na ural

oil-degrading microorganisms Kleindienst et al 2015

In laboratory experiments, we simulated environmental
conditions comparable to the hydrocarbon-rich, 1,700 m deep
plume that formed during the Deepwater Horizon discharge

Not a good simulation

e Dispersant in seawater concentrations used in the microcosms are
790 and 1,410 times higher, respectively, than the 19 pg/L said in the
paper to be “comparable to concentrations observed in the DWH
plume”

e Dispersant concentrations used are 2,500 and 4,466 times higher
than the actual maximum of 6 pg/L (6 parts per billion) of dispersant
in seawater measured in the deep water plume at the DWH incident.

The microbial populations developed to preferentially
biodegrade the surfactants in the vast excess of dispersant
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During the Despwster Horizon of wel blowout in the Guif of
Mexica, the applicaion of 7 million liters of chemical dispersants
aimed to stimulate micrebial crude oil degradation by increasing
the bioavsilabiity of oil compounds. However, the effects of dis-
persants on oil btcdegradalinn rates are debamd. in Iaburamry

biodegradetion (21). Theeffic ants instimalating oil
i ative environmentsl ef
cen dommented | ant application eften
ical tradoolfs {2 ittle i kowwn st

\JISPLNH[‘- m thr nctivity and abundance of

experiments, we
to the hydrocarbonrich, 1, 1on m deep plume that formed during

dling Tric 24), This work sddmssed
:{f) Do dlq'H.r\anL\ miluenee microbial om-

the Deepwater Honron discharge. The presence of sig-
nificantly altersd the microbisl community wmposition through
seledion for potential dispersant-degrading Cofwellia, which also
bloomed in situ in Gulf deep wates duding the discharge. In con-
lrasl.nil addition todeepwatersamples nn.he ahﬁene oﬂispelsa\l

growth of natural hydocarh A:

T microbial o

tion s ml; ahial populations follow-

iz pened oil eposur? (i) Docs Lhcmull\ dis-

pemsed of stimulste ydmearbon biodegmdation
Lahorstory experiments were nsed to unravel the c‘fcd_\nh\il-e wily

In these deepwater microcosm experiments, did nat
enhance heterotrophic microbial scivity or hydrocarbon oxidation
rates An expenmemvwm s.lriace seawamrfmm an anthropageni-
cally derived oil sl results
as inhibition of hy turnover bserved in the presenc
of dispersants, suggesting that the microcosm findings 2re boady
applicable acroE marine habitats. this

(mipplied 75 a water-sooommod ated fmction, “WAF), Corecit 95000
(“dhisy t-cnly ™), cil-Corexit 9500 mixture (chemically enhanced
| Significance

Ol spills are fi e of hydmcarbon imo the

ocean. In response o ol spills, chemical dispe sants are applied

dataset toreal world scenarios questions whether dispesants stim-
ulate micobial oil degradation in deep ocean waters and instead
highlightsthat dispersants can exen a negative effedt on microbial
hydrocarbon degradstion rates.

oesanograghy. | sicrotial dynamics | hydrocabon axcling |
themical dipersants | oil spils

mde oil enters marne

vimnments throwh geophysical
processes st namural nydrocarbon seeps (1) ata global rate of
=T millon lters per year ress of natuml hydmocarbon
seepage, such as the Gulf of Medco |hereatter, the Lex
posire of indigenms micobizl communitiesto ol and gas fuxes
can select for microbial populutions that us petroleum-derived
hydmearbons ss carbon and erergy soure 4} The uncomtmlled
deepwater oil well blowout that foliwed the explosion and smking
of the Degmiater Henzon (IYWH) diilling fg in 2010 melensed .l.h\l.z
750 million liters of oi into the Guli. Seven million lite
chemical dispersantswem applied (5) with the gl of disp
hydracarbons and stimulating ol biodegradation, A decpaw
001,300 m) plume, cnrrched in bydrocarberms (5—11) and
i 13, & major componere
in the discharge (7).
canthy alterd the mi

o the oil d seawater o disperse surfece slicks into
smaller droplets that are presumed to be more bioavailable w
microorganisms. We provide evidence that chemical disper-
samts applied o either deep water or surface wster from the
Gulf of Mexico did not stimulate oil biodegradation. Direct
measurement of afkane and aromatic hydrocarbon acidation
mates revesled sither suppression or no stimulstion of oll bio-
degradation in the presznce of dispersants. However, disper-
sams affecied micoblal community composition and snriched
bacterial populations with the ability touse dispersantderived
as growth while oll-alone

enriched for ratural hydrocahon degraders.
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Conclusions

Large oil spills are becoming increasingly rare — which is good
e Obtaining hard data from actual spills is therefore becoming less frequent

e Accurate and effective post-spill monitoring and impact assessment by environmental monitoring
is therefore needed more than ever

There will always be some unknowns at real oil spills
e Qil spills are not scientific experiments

e Follow-up studies are often required
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Conclusions

Conducting laboratory or mesocosm-scale experiments under controlled and defined
conditions can be very useful

e But such studies must obviously be scientifically rigorous, accurate and transparent

e Academic scientists must be capable of accurately explaining their results to a non-academic
audience

e Otherwise NEBA/SIMA considerations may be skewed, leading to less effective response
strategy at future spills



