
22/07/2024

1

Rachelle Meijer- Senior Fleet Engineer

What are Bowtie Diagrams?

Diagram to help visualise a risk with one easy to understand picture.

Threats, Consequences and key Control and Mitigation barriers are 
depicted in time sequence so anyone looking at the diagram can easily 
understand potential Events and how they are prevented.

Contact Energy use these to support understanding of Process Safety.
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Swiss Cheese Model

Hazard

Some holes due to 
latent conditions

Other holes due 
to active failures

Accident

Layers of 
defences

Bowtie Diagram
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Key Bowtie Terminology

Hazard
Describes hazard in controlled state 
linked to equipment/asset system for 

bowtie context/scope definition.

Top event
Describes how/what control is lost from 
equipment/asset system and hazard in 

uncontrolled state.

Consequence
Describes release of hazards in 

uncontrolled state/nature of risk and 
potential subsequent consequences, 

severity of impact and escalation 
potential. 

Threats
Describes a possible initiating event 
that can result in a loss of control or 

containment of a hazard.

Prevention Barriers
Describes a control measure that can 

prevent a threat from turning into a Top 
Event by itself.

Mitigation Barriers
Describes a measure that has lower 

performance than prevention barriers in 
that they may only mitigate, not 

prevent, a consequence.
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Bowtie in Risk Management Standard
• Published 2018
• Provides current industry good practice 

standard guidance from Center for 
Chemical Process Safety (CCPS) and 
Energy Institute.

• Not followed to the letter, but closely 
adhered to as good practice. Have 
adapted aspects to make bowties 
suitable for Contact’s purposes (some 
degree of judgement is required as 
stated in the guidance).
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Bowtie History- Starting Point
Used to manage risk and were created during the OSIP program started in 
2014.

Based around events with a risk rating of high and above.

Great for getting SME’s into a room to ensure that events had been raised 
and had measures in place to prevent them.

Reviews of the bowties were carried out on an annual basis.

Summary of Bowties
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Bowtie History

Bowtie History
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Bowtie History- Issues
No clear definition of what constituted a major incident, barrier or threat. 
Inconsistent language leading to confusion.

No ownership or accountability for the process.

Huge quantity of bowties and barriers taking time to review leading to large 
amounts of actions and a false sense of security.

Personnel on sites not engaging with the process or having a clear 
understanding of the key risks or barriers in place.

Bowtie History
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Bowtie History

Staylive Process 
Safety Working Group
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Questions
What is a Major Incident?

How do we intend to use Major Incident bowties?

What is the level of detail (e.g. company general/group/station/unit)?

How will reviews of Bowties be conducted?

16

What is a Major Incident?
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How Bowties are Utilised
Visual summary outlining the process safety major incidents and threats.

Support identification and classification of Major Incident Control Measures 
(MICMs), Safety Critical Equipment (SCEq) and Safety Critical Elements (SCEs).

Active, ongoing assurance management of barriers and their condition, 
performance and effectiveness.

Feed into further risk management tools and post incident learnings (LOPA, 
SOFAIRP, etc)

Bowties Level of Detail
Fuel Type/ Station Specific Approach (Hydro, Natural Gas, Diesel, 
Pentane, Steam)

Scenarios and bowtie diagrams are specific to each station and its 
plant/equipment/controls and environment.

Asset Manager ownership of the review process and drives the 
management of barrier condition, performance and effectiveness at their 
sites.
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Bowtie Development Process
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Bowtie Development Process
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Examples of Major Incident Scenarios
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Examples of Major Incident Scenarios
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Major Incident Hazard Register
• MIH Register comprehensively documents all major incident scenarios and associated 

major incident hazards, prevention and mitigation controls (not required to be 
independent), consequences and escalation potential (draft example below).

Bowtie Diagrams
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• Too many barriers that are not independent, 
degradation controls

• False sense of protection

• Not intuitively ordered in time sequence of effect

Old Bowtie Turbine Overspeed Threat Line

26

Basic Representation of Turbine Overspeed Threat 
Line using new standard (example)
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Examples of Bowties- Fuel Gas

Examples of Bowties- Fuel Gas
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Examples of Bowties- Turbine

Examples of Bowties- Turbine
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Bowtie Reviews
Review is carried out against a screening check sheet containing a list of prompts for SMEs 
to determine barrier effectiveness (effective, partially effective, ineffective).

Review of the Bowties are incorporated into the annual Plant Status Review.

Condition Assessment Sheet orange and red barriers are discussed and determined if 
action is required within the next year or not (if not, it is deemed an accepted condition).

Full Major Incident Hazard Register and Bowtie review to be carried out every 5 years for 
MHF or 10 years for all other stations.

• Routine/planned 
inspection, testing and 
maintenance tasks have 
been completed in 
accordance with work 
orders and maintenance 
plans. 

• Any preventative and 
corrective maintenance 
has been completed.

• Operating procedures 
have been revised and 
are current.

• Operator training and 
competency 
requirements have been 
met.

• Routine/planned inspection, testing 
and maintenance tasks have been 
completed in accordance with 
work orders and maintenance 
plans. 

• Any preventative and corrective 
maintenance has been completed.

• Operating procedures have been 
revised and are current.

• Operator training and competency 
requirements have been met.

• Routine/planned 
inspection, testing and 
maintenance tasks have 
been completed in 
accordance with work 
orders and maintenance 
plans. 

• Any preventative and 
corrective maintenance 
has been completed.
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Bowtie and Threat Line Review Check Sheet (example)

Bowtie and Threat Line Review Check Sheet (example)
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Bowtie After Review (example)

Bowtie After Review (example)
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Key Lessons
Start small, don’t try to solve the world's problems before you have taken the first small 
step!!

Industry standard guidance is that bowties should remain qualitative.

Be clear about your processes. 

Set up the process to be easy and straightforward for the users. May take a bit more 
effort to begin with but helps to foster engagement in the process longer term.

Actions- keep any actions/ improvements that come out of these processes achievable 
and don’t overcommit to completing too many actions

Thank you


