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Introduction to QRA



The concept of Risk has existed for centuries. Quantitative 

Risk Analysis, as a method, has existed for decades.

Quantitative Risk Analysis Timeline

Definition of Risk 

1662: Port Royal Logic “Risk should be proportional to both likelihood and consequence”

Probabilistic Risk Analysis

1967: NASA – introduced methodology following Apollo I accident

1975: Nuclear Regulatory Commission – “Reactor Safety Study”

1981: Nuclear Regulatory Commission – “Fault Tree Handbook”

1983: Nuclear Regulatory Commission – “PRA Procedures Guide”

1985: Nuclear Regulatory Commission – “Probabilistic Safety Analysis Procedures Guide”
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The concept of Risk has existed for centuries. Quantitative 

Risk Analysis, as a method, has existed for decades.

Chemical Process Quantitative Risk Analysis: 

Methodology developed throughout 1970s / 1980s

Originally based on NUREG guidelines

Major chemical industry accidents acted as drivers:

Flixborough (1974)

Seveso (1977)

Mexico City (1984)

Bhopal (1984)

Piper Alpha (1988)
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Quantitative Risk Analysis is typically conducted by following 

well-defined steps.

© ioMosaic Corporation. 6

Hazard
Identification

Frequency 
Analysis

Consequence
Analysis

Risk 
Evaluation

Tolerable 
Risk

Risk Reduction

Safe
Operation

System



QRA results are typically reported in two forms: 

Individual Risk and Societal Risk.

Individual Risk Definition - is the risk of some specified event or agent harming a 

statistical (or hypothetical) person assumed to have representative characteristics.”   

- HSE, 1995

Typically assumes recipient is outside 24 hours per day

Assumes no protective action is taken

Does not take into account actual population present

Results typically given as probability of fatality (or dangerous dose) per year

Useful in facility siting, and land-use planning
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QRA results are typically reported in two forms: 

Individual Risk and Societal Risk.

Individual Risk results are typically shown in the form of a risk contour
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QRA results are typically reported in two forms: 

Individual Risk and Societal Risk.

Societal Risk Definition - The risk of widespread or large scale detriment from the 

realization of a defined hazard.” - HSE, 1995 

Takes into account actual population present

Shows frequency (F) of accidents involving N or more fatalities (F-N curve)

Can be presented as a single number: Average Rate of Death (ROD), or 

Potential Loss of Life (PLL)

Technique can be modified to show financial risk rather than fatality risk
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QRA results are typically reported in two forms: 

Individual Risk and Societal Risk.

Societal Risk results are typically shown in the form of a F-N curve:
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Conducting a QRA



A QRA project typically follows these steps:

Data Gathering

Hazard Scenario Identification

Frequency Estimation

Consequence Modeling

Risk Calculations

Compare with Risk Criteria

Risk Reduction Recommendations

© ioMosaic Corporation. 12



A wide variety of data is required for a QRA study.

Piping and Instrumentation Diagrams

Process Flow Diagrams

Heat and Material Balances

Equipment Lists

Plot Plans

Population and Building Details

Ignition Source Details

Meteorological Data

PHA studies
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Hazard Scenario Identification considers the potential for 

“Generic” and “Non-Generic” loss of containment scenarios.

Generic Scenarios

Equipment Failures

Piping Failures

Non-Generic Scenarios

Process-specific failures

More ‘unusual’ failures

PHA studies can be a good reference for these
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Each Loss of Containment (LOC) Scenario may result in 

multiple outcomes. This video provides a good example.
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Each Loss of Containment (LOC) Scenario may result in 

multiple outcomes.

Typical QRA hazard outcomes modeled are:

Fire – Jet Fire, Pool Fire, Flash Fire, Fireball, BLEVE

Overpressure – Vapor Cloud Explosion, Vessel Burst

Toxicity – Toxic Effects, Asphyxiation
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Each Loss of Containment (LOC) Scenario may result in 

multiple outcomes. Event tree analysis can be used to 

determine the probability of each outcome.

Example Event Tree for Flammable and Toxic Liquid Release:
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Consequence results can then be evaluated for all identified 

scenarios.
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QRA Results and 

Beyond



Individual risk contours are a key output from a QRA.
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Risk transects are also a useful output from a QRA.
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Societal risk is also an important output from a QRA. 
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Multiple societal risk results can be presented on the same 

F-N curve, together with acceptance criteria.
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Beyond typical QRA results, Overpressure Exceedance 

Curves can be generated (e.g., for various receptors).
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Beyond typical QRA results, a Building Damage Exceedance 

Curve (BDEC) can then be generated for a given building. 
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In turn, a F-N curve for a specific building can be created. 
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Risk Tolerability Criteria



Generally accepted and recognized risk criteria typically 

incorporates three themes.

A comprehensive risk management program should address both individual and 

societal risk 

Risk criteria for the public should be lower, i.e., more conservative, than for the 

workforce since the workforce risk is considered to be voluntary 

With respect to individual risk, new facilities should be held to a higher level of 

risk performance than existing facilities

© ioMosaic Corporation 28



What constitutes “acceptable risk”? 

The phrase “acceptable risk” is widely used in Quantitative Risk Assessment 

(QRA) literature 

Individuals may “accept” risk of an activity on a voluntary basis if they deem it is low enough and if 

they derive a benefit from it

When a risk from an activity is imposed on an individual on an involuntary basis and there are no 

perceived benefits to the individual, then no risk would be considered truly “acceptable” no matter 

how small 



What constitutes “acceptable risk”? 

Factors affecting risk acceptability:

Economic benefit

Amenities

Voluntary or involuntary risk

Visible risk

Size of potential accidents
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Risk Tolerability Regions – ALARP Definition.

Unacceptable Region

Except under extraordinary circumstances, control measures must 

be undertaken to reduce the risk to a level deemed tolerable 

irrespective of the cost/benefit

Tolerable Region

The residual risk must be at a level ALARP; i.e., “risk must be 

averted unless there is a gross disproportion between the costs and 

benefits of doing so”

Broadly Acceptable Region

Residual risk is generally regarded as insignificant and adequately 

controlled
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Worldwide Risk Tolerability – Variety of Criteria.

Individual Risk

Risk to the Public – Entities having two-limit system: Upper and Lower Limits

Risk to the Public – Entities having single-limit system: Upper Limit

Risk to the Workforce – Entities having two-limit system: Upper and Lower Limits

Risk to the Workforce – Entities having single-limit system: Upper Limit

Societal Risk

Varying risk tolerability lines in use

Different criteria for Public and Workforce
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Worldwide Risk Tolerability – Select Examples Are Provided.

ioMosaic has performed a review of the state-of-the-art of risk criteria from 

worldwide entities and applications 

Some select examples are provided for

USA

United Kingdom

France

Canada
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Risk Criteria is in use within the USA in certain applications.

No federal risk based criteria

California

LACFD defines criteria for risks associated with their RMP program

County of Santa Barbara

Public safety thresholds based on F-N curves

Zoning based on risk for land use planning (red, amber, green zones)
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Risk Criteria is in use within the USA in certain applications.

National Fire Protection Agency – 59A – Standard for the Production, Storage 

and handling of Liquefied Natural Gas (LNG)
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Risk Criteria is well established in the United Kingdom.

HSE Planning Advice for Developments Near Hazardous Installations

© ioMosaic Corporation 36



Risk Criteria is well established in the United Kingdom.

HSE Planning Advice for Developments Near Hazardous Installations
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Risk Criteria is used in France.

Code de l’Environnement
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Risk Criteria is used in Canada.

Risk-based Land Use Planning Guidelines - Major Industrial Accidents Council of 

Canada
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Risk Tolerability Regions Establish Upper and Lower Limits.

Clarifications

Upper Limit: High Risk Region; i.e., if risk level greater than the upper limit, then the risks are 

Unacceptable

Lower Limit: Negligible Risk Region; i.e., if risk level lower than lower limit, then the risks are 

Broadly Acceptable
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Individual Risk (Public) – Entities having two-limit system.
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Individual Risk (Public) – Entities having single-limit 

system (1).
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Individual Risk (Public) – Entities having single-limit 

system (2).

© ioMosaic Corporation 43



Individual Risk (Workforce) – Entities having two-limit 

system.
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Individual Risk (Workforce) – Entities having single-limit 

system.
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Societal Risk – Graphical Summary of Worldwide Criteria.
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Conclusions



Conclusions

The risks posed by hazardous industrial facilities are controlled by safety 

legislation: it is required that all hazards are identified, the risks arising are 

assessed and controls put in place to minimize the likelihood of an accident.

Explicit, well-defined risk criteria, defined as part of risk assessment activities, 

add to the clarity of the decision-making process.

Communication of risk information can be difficult. Accepted risk criteria should 

make such communications easier and more effective. Visualization of these 

risks aids understanding. 

Make sure the public understands the risks being communicated.



Conclusions
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Conclusions

Society increasingly expects industry to be cognizant of, and responsibly 

manage, the risks of its operations.

As the ability to manage risks increase, the public will expect industry to do 

better. Consequently, risk criteria is subjected to periodic reconsideration.

A comprehensive risk management program should address both individual and 

societal risk.

Risk criteria for the public should be lower, i.e., more conservative, than for the 

workforce since the workforce risk is considered to be voluntary. 

With respect to individual risk, new facilities should be held to a higher level of 

risk performance than existing facilities. 
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About ioMosaic Corporation

Through innovation and dedication to continual improvement, ioMosaic has become a 
leading provider of integrated process safety and risk management solutions. ioMosaic has 
expertise in a wide variety of areas, including pressure relief systems design, process safety 
management, expert litigation support, laboratory services, training, and software 
development. 

ioMosaic is an integrated process safety and risk management consulting firm focused on 
helping you manage and reduce episodic risk. Because when safety, efficiency, and 
compliance are improved, you can sleep better at night. Our over 300 years of industry 
expertise allow us the flexibility, resources and capabilities to determine what you need to 
reduce and manage episodic risk, maintain compliance and prevent injuries and catastrophic 

incidents.

Our mission is to help you protect your people, plant, stakeholder value, and our planet. 

For more information on ioMosaic, please visit:  www.ioMosaic.com
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