
steps in oil spill risk assessment
Risk assessment is the process of risk identification, risk analysis, 
and risk evaluation. Each of these components answers a specific 
question, although the techniques and tools may vary depending on the 
complexity of the problem, quality of available data and other factors.1

hazard identification 
What can go wrong and why?

•	Identify events, conditions and situations that may lead to a loss of 
containment from HAZOP, PAH, What-If-Analysis, etc.

likelihood analysis 
What is the probability of spill occurrence as a function of volume?
•	Use of appropriate historical data (e.g., diminishing frequency and 

volumes of tanker spills) and application of extreme value theory 
(e.g., should Deepwater Horizon have been expected).2,3,4

 

establish and evaluate risk 
Is the risk associated with the proposed activity tolerable?

Risk is established by combining the severity of the consequence with 
its probability of occurring. Risk evaluation involves comparing the 
predicted risk level to risk tolerance criteria.

The evaluation inform decisions regarding what risks require treatment, 
treatment priorities and whether or not an activity should be 
undertaken. 

evaluating oil spill risks through stochastic  
and deterministic trajectory modeling
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Stochastic modeling has become increasingly common as computational resources 
have grown in recent years, allowing for a hypothetical spill to be evaluated over 
a large number of different metocean parameters. Two of the primary outputs 
from stochastic analysis are: (i) maps showing how the probability of oiling varies 
spatially and (ii) the identification of wind and current conditions that generate the 
greatest exposure. While it may be appropriate to develop response plans based on 
the worst combination of metocean parameters, risk assessments need to account 
for the combined probability of the worst possible wind and current conditions 
occurring at the same time as an already rare loss of containment event. 

This poster uses a hypothetical deepwater blowout to illustrate how stochastic 
results can be paired with deterministic spill trajectories. The proposed approach 
consists of ranking the set of runs performed as part of the stochastic modeling 
effort with respect to key metrics (e.g., length of shoreline oiled, swept surface area) 
to understand how the magnitude of exposure is distributed across the various 
combinations of wind and currents. Following industry guidance, it is suggested that 
a deterministic run from the central portion of these distributions be selected for 
consequence analysis. In cases where the degree of exposure varies substantially 
across the set of stochastic runs, a more severe deterministic trajectory may also be 
evaluated as long as the probability of occurrence estimated in the likelihood analysis 
is appropriately adjusted.

risk management process

communication and consultation with stakeholders
•	Ensures interests of external and internal stakeholders are considered
•	Brings together different views so risks are adequately identified
•	Helps secure endorsement and support for a treatment plan

risk assessment: part of the  
risk management process 

Oil spill risk assessment (OSRA) is not a stand-alone activity but part of an overall 
risk management process.1 The primary purpose of the assessment is to provide 
information on if and how to treat the risk of an oil spill related to a specific activity 
(e.g., exploration and development of an offshore field, transport by ship or pipeline, 
or storage and refining operations). 

consequence analysis 
What is the severity of impacts that could occur, assuming a spill has occurred?

•	Computer models are used to simulate the fate and transport of spilled 
oil. Stochastic modeling consists of performing 100+ realizations with 
different metocean forcing to capture effects of natural variability.

•	One or more deterministic runs (a single fate and trajectory from 
a specific metocean forcing) are evaluated in detail to characterize 
exposure to selected environmental receptors. 

•	The magnitude of exposure (in terms of physical footprint and 
concentration) and sensitivities of the environmental receptors will 
determine the severity of the potential impact.6

selecting trajectories for consequence analysis
The probability map shown in the previous panel was generated by 
stochastic modeling of a deepwater blowout5 and illustrates how the 
conditional probability of oiling on the sea surface varies spatially 

across the Gulf of Mexico. To understand how the magnitude of 
exposure varies across the 100 realizations of this spill scenario, it is 
helpful to rank the individual runs with respect to various metrics.

implications for establishing risk level
The shape of the histograms will determine the importance of 
combining the conditional probability of oiling (from stochastic 
analysis) with the probability of oil spill occurrence (from likelihood 
analysis) when establishing the risk level.

In the example shown above, considering the conditional  
probability may result in shoreline-related risk moving from a level 
requiring addition treatment to one where risk reduction depends  
on a cost-benefit analysis.

references and additional information
1.	 IEC/ISO 31010: 2009-11.  Risk Management – Risk 

Assessment Techniques. International Organization for 
Standardization (ISO). ISBN 2-8318-1068-2.

2.	 IPIECA, Oil Spill JIP Finding 6: Oil spill risk assessment 
and response planning for offshore installations, 2013.  

3.	 Eckle, P.; Burgherr, P.; Michaux. E. Risk of Large Oil Spills: 
A Statistical Analysis in the Aftermath of Deepwater 
Horizon. Environ. Sci. Technol. 2012, 46, 13002-13008.

4.	 Ji, Z.; Johnson, W.; Wikel, G. Statistics of Extremes in Oil 
Spill Risk Analysis. Environ. Sci. Technol. 2014, 48, 110505-
10510.

5.	 ABS Consulting Inc., 2016 Update of Occurrence 
Rates for Offshore Oil Spills. Prepared for Bureau of 
Ocean Energy Management and Bureau of Safety and 
Environmental Enforcement. July 13, 2106.

6.	 French-McKay, D.; Crowley, D.; Rowe, J. Evaluation of Oil 
Fate and Exposure From a Deep Water Blowout With 
and Without Subsea Dispersant Injection Treatment as 
Well as Traditional Response Activities, IOSC 2017.

* Chevron ETC, 6001 Bollinger Canyon Road, San Ramon, CA 94583     ddanmeier@chevron.com

establishing the context
•	Understand cultural, political, legal and regulatory environment
•	Define extent of risk management activities, including specific exclusions
•	Define risk tolerance criteria 

risk assessment
•	Understand the sources of risk, the consequences and their probabilities
•	Provides information on whether or not an activity should be undertaken
•	Helps choose between options with different risks

monitor and review
•	Verify assumptions remain valid
•	Confirm that expected results are being observed
•	Confirm that risk treatments remain effective 

•	 Surface exposure moderately dependent upon metocean forcing
•	 Selecting 97th percentile non-exceedence trajectory (Run 78) instead of a run 

from the central portion of distribution (Run 36) slightly increases consequence 
severity

•	 Shoreline oiling varies strongly across runs
•	 Unless probability of shoreline contact is adjusted downward from probability of 

oil-spill occurrence, selecting 97th precentile run will overstate risks associated 
with shoreline exposure
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risk treatment
•	Selecting one or more relevant options to reduce risk, if needed
•	Reduce the probability of occurrence, consequence or both
•	Demonstrate that controls can be effective when needed

•	To make the problem tractable, one or more spill scenarios that span 
the risk profile should be selected for consequence analysis. Plotting 
data from the likelihood analysis in probability-volume space may help 
identify appropriate scenarios.2  

Beware of unknowingly assigning highly improbable events: carefully review 
trajectories to establish appropriate risk.

consequence  

likelihood 
insignificant small moderate large very large

≥≈10-1 very high risk

≥≈10-2

≥≈10-3

≥≈10-4

≥≈10-5 very low risk

   Denotes shoreline-related risk based on P97 without considering conditional probability.

  Denotes risk after considering conditional probability of significant shoreline oiling 

as low as reasonably practical (ALARP)

risk treatment regardless of cost

treat until costs are grossly disproportionate

no treatment required
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