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Virtuous cycle of continuous improvement 

Oil spill contingency 
planning

Incident or exercise

Post-spill monitoring 
and impact  assessment

Oil spill response and 
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Knowledge gained



Impact assessment and response effectiveness

 Impact assessment is the retrospective measure of the impact/damage caused by a 
particular oil spill
 This quantification can be used for various purposes 

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

 It is 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
 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
 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?



NEBA and SIMA

 Net Environmental Benefit Analysis (NEBA)
 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)
 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

1. 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

2. 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

3. 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

4. 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 Year Incident type Oil spill 

size 
(tonnes)

Oil type

Torrey Canyon 1967 Oil tanker grounding 119,000 Kuwait crude oil
Amoco Cadiz 1978 Oil tanker grounding 223,000 Saudi light crude oil
Exxon Valdez 1989 Oil tanker grounding 37,000 Prudhoe Bay crude oil
Haven 1991 Oil tanker explosion and fire 144,000 Iranian heavy crude

Braer 1993 Oil tanker grounding 85,000 Gullfaks (Norway) crude oil
Sea Empress 1996 Oil tanker grounding 72,000 Forties crude oil
Erika 1999 Product tanker break up 20,000 Heavy Fuel Oil
Prestige 2002 Product tanker break up 63,000 Heavy Fuel Oil
Hebei Spirit 2007 Oil tanker collision 11,000 Middle East crude oils
Deepwater Horizon 2010 Subsea gas and oil blowout 430,000 Macondo crude oil



Similarities and differences

 What was learned from these oil spills?

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

 Dispersant used at Braer and Sea Empress incidents

 Extremely rough sea and oil type dominated oil fate at Braer

 Dispersant use not appropriate at Erika or Prestige

 Shoreline clean-up significant at most spills

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



The Deepwater Horizon incident

.           .
. 

.           .

dilution with 
distance

Biodegradation of dispersed oil



The Deepwater Horizon incident

 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
 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
 NRDA (Natural Resource Damage Assessment) under OPA 90



Dispersant use at Deepwater Horizon

 “Traditional” dispersant spraying onto oil on the sea surface: 

i. Oil dispersed into water column

ii. Dispersed oil diluted to low concentration in water

iii. Dispersed oil biodegraded by naturally-occurring microorganisms

 Novel subsea injection of dispersant

 Much more targeted way of using dispersant

 Lower dispersant treat rate needed

 Same general principles: disperse, dilute and biodegrade



Influence of media and the internet
 Internet permitted almost instant propagation of: 

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

 Politicians and regulators were also confused



Oil spills are not scientific experiments

 There are too many uncontrolled variables

 Small experimental oil spills require pre-planning and organisation

 Too many unknowns

 In 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

 If the resources have not been catalogued in the pre-spill state impact assessment 
can be difficult



Dealing with unknowns

 Not being able to adequately answer questions about the unknowns can look like 
weakness or incompetence
 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

 $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.

Organization Source Amount Objectives Funding start/end

GoMRI
Gulf of Mexico 

Research Initiative

BP donation US$500 million Oil dispersion and degradation 
studies; ecological and health 
effects

2010–20

NFWF 
National Fish and 

Wildlife 
Foundation

BP and Transocean 
plea agreements

US$2.55 billion Restoration and risk-reduction 
projects; construction of 
barrier islands

2013–until depleted

NAS 
National Academy 

of Sciences

BP and Transocean 
plea agreements

US$500 million Environmental protection and 
human health studies; 
education and environmental 
monitoring

2013–43



GoMRI (Gulf of Mexico Research Initiative)

 All $500 million of GoMRI funding has been 
committed and ongoing projects will end in 2020

 Research programme conducted primarily at US 
Gulf Coast States research institutions 

 Thousands of researchers involved and hundreds 
of students qualified

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

 Very many of the studies have confirmed what was already known

 Oil spills can have a wide range of negative effects on a range of organisms

 Studies have been more specific to GoM species

 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?



Two of the more surprising “new science” findings

 MOSSFA (Marine Oil Snow Sedimentation and Flocculent Accumulation) 
 Hypothesis is that marine snow interacted with the Macondo crude oil and caused very significant 

quantities of the crude oil to be deposited on the seabed to the detriment of the benthos

 Claim that dispersants inhibit biodegradation of dispersed oil
 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



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

 Therefore “something” must have caused the oil to sink

 The something was marine snow generated by oil on the sea surface

 Alternative explanation 

 ‘Fresh’ Macondo crude oil can have neutral buoyancy if dispersed as very small oil droplets

 ‘Fresh’ Macondo crude oil rapidly lost some components by dissolution and was biodegraded

 Converted into much smaller quantity of recalcitrant residue

 Microscopic particles of this residue diffusely deposited on seabed under path of subsea plume

 Not bioavailable 



Fallout plume of submerged oil from Deepwater Horizon 
by Valentine et al. 2014
 Used concentrations of hopane in seabed sediment samples 

 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 km2 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



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

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

 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

Characterization and flux of marine oil snow settling toward the 
seafloor ….. by Stout and German 2018



In laboratory experiments, we simulated environmental 
conditions comparable to the hydrocarbon-rich, 1,100 m deep 
plume that formed during the Deepwater Horizon discharge

Not a good simulation

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

 Dispersant concentrations used are 2,500 and 4,466 times higher 
than the actual maximum of 6 µg/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 

Chemical dispersants can suppress the activity of natural 
oil-degrading microorganisms Kleindienst et al 2015



Conclusions

 Large oil spills are becoming increasingly rare – which is good

 Obtaining hard data from actual spills is therefore becoming less frequent

 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

 Oil spills are not scientific experiments

 Follow-up studies are often required



Conclusions

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

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

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

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


