Bow-Tie Analysis

INSTRUNEXUS

www.lnstrunexus.com

Top 30 Interview Questions & Answers

## Part 1: Fundamental Concepts

1. What is a Bow-Tie Analysis?

A Bow-Tie Analysis is a visual risk assessment method that creates a simple, clear
diagram to show the relationships between the causes of a hazardous event, the event
itself, and its potential consequences. The diagram is shaped like a bow tie, connecting

threats to a central event and that event to its outcomes. #¢
2. What is the primary purpose of a Bow-Tie diagram?

Its primary purpose is to communicate risk in an easily understandable way. It provides
a clear visual summary of a hazardous scenario, showing what controls (or barriers) arein
place to prevent the event from happening and to mitigate the consequences if it does.

3. What are the five main components of a Bow-Tie diagram?

1. Hazard: The source of potential harm (e.g., a tank of flammable liquid).

2. Top Event: The central point of the diagram; the moment when control over the
hazard is lost (e.g., the flammable liquid spills, creating a vapor cloud).

3. Threats: The potential causes that could lead to the Top Event (e.g., corrosion
causing a hole in the tank).

4. Consequences: The undesirable outcomes that could result from the Top Event
(e.g., a majorfire, environmental damage).

5. Barriers: The controls in place to manage the threats and consequences.
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4. Whatis a "Top Event"?

The Top Event is the critical momentin the middle of the bow tie where the hazard is
released or control is lost. Itis the "point of no return." It must be carefully defined—itis
notthe cause, and itis notthe final consequence, but the event that links them.

5. What is the difference between a hazard and a threat?

e Hazard: Theinherent source of dangerthatis always presentin a process (e.g.,
high-pressure steam, a toxic chemical).

e Threat: Aspecific cause or an active failure that can release the hazard and trigger
the Top Event (e.g., a pipe weld failing, an operator opening the wrong valve).

6. How does Bow-Tie Analysis relate toa HAZOP or a PHA?

A Bow-Tie Analysis often uses the output of a HAZOP (Hazard and Operability Study) or
another PHA (Process Hazard Analysis). The high-risk scenarios identified in the HAZOP
are excellent candidates for a bow-tie. The HAZOP identifies the causes and
consequences, and the bow-tie organizes them visually and focuses on the barriers.

7. Is a Bow-Tie a qualitative or quantitative method?
A Bow-Tieis primarily a qualitative method. It visually represents the relationships

between causes, events, and consequences. However, it can be made semi-quantitative
by linking it to a LOPA (Layer of Protection Analysis) to assess the strength of the barriers.

## Part 2: Barriers and Controls
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8. What is a "barrier" in a Bow-Tie diagram?

A barrier (also known as a control or a safeguard) is any measure taken to prevent a threat
from causing the Top Event, orto prevent the Top Event from leading to a specific
consequence. They are the core of the analysis.

9. What are the two main types of barriers?

1. Preventative Barriers (or Proactive Controls): These are on the left side of the
bow tie. Their job is to prevent the Top Event from ever happening. They manage the
threats.

2. Mitigative Barriers (or Reactive Controls): These are on the right side of the bow
tie. They comeinto play afterthe Top Event has occurred and theirjob is to reduce
or eliminate the final consequences.

10. Give an example of a preventative barrier.

e Threat: Acar's tires losing traction on a wetroad.

e Preventative Barrier: Anti-lock braking system (ABS). It acts to prevent the loss of
control (the Top Event). Other examples include pressure relief valves, safety
interlocks, and regular maintenance inspections.

11. Give an example of a mitigative barrier.
e Top Event: A carcrash.
e Mitigative Barrier: An airbag or wearing a seatbelt. These do not prevent the crash,
but they reduce the severity of the consequences (injury). Other examples include
fire suppression systems, emergency response plans, and dikes around a tank.

12. What are the different types of barriers?

Barriers can be categorized by their nature:
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e Engineered/Hardware: Physical devices like a relief valve, an interlock, ora gas
detector.

e Human/Procedural: Actions taken by people, such as following a standard
operating procedure (SOP), conducting a safety check, or an operator responding to
analarm.

e Passive: Barriers that are inherent to the design and require no action to function
(e.g., a blastwall, a fire-resistant coating).

13. What is an "escalation factor" or "degradation factor"?

An escalation factor is a condition that can cause a barrier to fail. It is a "threat to the
barrier." Forexample, if a "pressure relief valve" is a barrier, an escalation factor could be
"corrosion causing the valve to stick shut."

14. What is an "escalation factor barrier"?

This is a barrier that specifically manages an escalation factor. Continuing the example, if
"corrosion" is the escalation factor for the relief valve, the escalation factor barrier would
be the "routine inspection and testing program" for that valve.

15. What makes a barrier "effective"?

An effective barrier is one thatis:

e Reliable: It works when needed.

e Independent: Its failure is not caused by the threat itis controlling or the failure of
another barrier.

e Auditable: It can be checked, tested, and verified to be working correctly.

## Part 3: The Bow-Tie Process
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16. Who typically participates in a Bow-Tie workshop?

Similarto a HAZOP, a Bow-Tie workshop requires a multi-disciplinary team of people with
hands-on knowledge of the process. This includes:

e AFacilitator

e Operations personnel (supervisors, operators)

e Engineers (process, mechanical, control systems)
e Maintenance personnel

e Safety professionals
17. What is the first step in creating a Bow-Tie diagram?

Thefirst and most critical step is to clearly define the Hazard and the Top Event. If the Top
Event is poorly defined (too broad or too specific), the rest of the analysis will be unfocused
and ineffective.

18. How do you identify the threats?

Once the Top Event is defined, the team brainstorms all the credible causes that could
lead to it. This is typically done by asking, "How could this happen?" The output from a
HAZOP is an excellent source foridentifying threats.

19. How do you identify the consequences?

After identifying the Top Event, the team brainstorms the potential outcomes by asking, "If
this happens, what are the results?" This should include consequences to people, the
environment, assets, and reputation.

20. How are barriers placed on the diagram?

For each threat, the team asks, "What do we have in place to prevent this threat from
causing the Top Event?" These are the preventative barriers. For each consequence, the
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team asks, "If the Top Event occurs, what do we have in place to stop this consequence?"
These are the mitigative barriers.

21. What is the role of the facilitator in a Bow-Tie workshop?

The facilitator guides the team through the process, ensuring the methodology is followed
correctly. They challenge the team's assumptions, make sure the barriers are valid, and
ensure the discussion stays focused and productive. The facilitator should be an expert in
the method but neutral about the process itself.

## Part 4: Application and Benefits

22. What are the main benefits of using Bow-Tie Analysis?

e Excellent Communication Tool: Thevisualformatis very easy for everyone, from
operators to senior management, to understand.

e Focus on Barriers: It clearly shows what controls are in place and, more
importantly, where there might be gaps in protection.

e Links Hazards to Operations: It helps connect high-level risk assessments to the
practical, day-to-day tasks that keep barriers healthy.

e Structured Brainstorming: It provides a logical framework for analyzing a
hazardous scenario.

23. How can a Bow-Tie be used for incident investigation?

A Bow-Tie diagram is an excellent tool forincident investigation. You can take the pre-
existing bow-tie for that scenario and map the incident onto it. This allows you to clearly
see:

e Which threats were realized.
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e Which barriers failed.
e Why those barriers failed (identifying the escalation factors). This provides a clear
picture of the chain of events and the root causes of the failure.

24. How do Bow-Tie diagrams help manage Safety Critical Tasks?

The analysis identifies the human and procedural barriers that are critical for safety. The
"escalation factors" forthese human barriers are things like "lack of training" or "poorly
written procedure." This allows a company to focus its training and competency programs
on the specific tasks that are most critical to preventing a major accident.

25. What is a "Safety Critical Equipment"” (SCE)?

SCEs are the hardware barriers (e.g., relief valves, shutdown systems, gas detectors)
identified in the Bow-Tie analysis that are critical for preventing or mitigating a major
accident. The Bow-Tie helps to identify which equipmentis most critical so that
maintenance and testing resources can be prioritized.

26. What are the limitations of a Bow-Tie Analysis?

e Simplicity: It simplifies complex scenarios and may not be suitable for analyzing
events with many interconnected causes.
e Qualitative: Onits own, it doesn't quantify the risk or the reliability of the barriers.

e Static: Itrepresents a snapshotin time and needs to be regularly reviewed and
updated.

27. How does a Bow-Tie show "ALARP" (As Low As Reasonably Practicable)?

A Bow-Tie helps to demonstrate ALARP by providing a clear and justifiable argument for the
controls that are in place. By showing that there are sufficient, effective, and independent
barriers for all credible threats and consequences, an organization can argue that the
residualrisk has been reduced to a level thatis ALARP.
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28. What is the difference between a Bow-Tie and a LOPA?

e Bow-Tie: A qualitative, visualtoolused to map out a scenario and its controls. It's
great for communication and understanding.

e LOPA (Layer of Protection Analysis): A semi-quantitative toolused to analyze a
single cause-consequence path in detail. It assigns numerical values (PFD) to the
barriers (IPLs) to determine if the risk is tolerable.

e Relationship: They work perfectly together. ABow-Tie can show the big picture, and
a LOPA can be used to analyze a specific pathway across the bow-tie to see if the
barriers are strong enough.

29. Can you have more than one barrier for a single threat?

Yes, and this is very common. Having multiple, independent barriers for a high-risk threat
provides defense-in-depth. The Bow-Tie visually demonstrates this layering of protection.

30. In your opinion, what is the single greatest strength of the Bow-Tie method?

Its single greatest strength is its ability to make complex risks understandable to a wide
audience. The simple, visual nature of the diagram bridges the gap between technical risk
assessment and practical, day-to-day safety management, engaging everyone from

engineers to frontline operators in understanding theirrole in preventing accidents. %>



