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Top 50 Interview Questions & Answers

## Part 1: Fundamental LOPA Concepts

1. What is LOPA?

LOPA, or Layer of Protection Analysis, is a semi-quantitative risk assessment
methodology. It uses a simplified, order-of-magnitude approach to determine if there are
enough safeguards, known as Independent Protection Layers (IPLs), to control the risk of
a hazardous scenario down to a tolerable level.

2. What is the primary purpose of performing a LOPA?

The primary purpose is to analyze a single cause-consequence pair (a scenario) in detail to
see if the existing layers of protection are robust enough. Its main goals are to:

e Determine if more protection is needed.

e Identify therequired Safety Integrity Level (SIL) for a Safety Instrumented Function
(SIF) if one is needed.

e Avoid "over-engineering" a solution by adding excessive or unnecessary safeguards.

3. How does LOPA relate to a PHA or HAZOP?

LOPA is not a replacement for a Process Hazard Analysis (PHA) like a HAZOP. Instead, it
builds upon it.

e AHAZOP is a qualitative, brainstorming technique used to identify a broad range of
potential hazards and operability problems.
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e LOPAis amorefocused, semi-quantitative analysis thatis applied to the specific
high-risk scenarios identified during the HAZOP to rigorously assess the safeguards.

LOPA is the "zoom-in" tool used after the HAZOP identifies where to look. <
4. What is a "hazardous scenario" in the context of LOPA?

A hazardous scenario is a single, specific, and unplanned event sequence that has a
hazardous outcome. It always consists of two key parts:

1. An initiating event (the cause).

2. Afinal, undesirable consequence (the effect).

e Example: "A cooling water pump fails (initiating event), leading to a runaway
reaction and vessel rupture (consequence)."

5. What is an "order of magnitude" estimate?

This is the core concept that makes LOPA semi-quantitative. Instead of using precise
numbers, LOPA uses factors of 10. For example, an event frequency might be categorized
as 1peryear (100),1per 10years (10-1),or1 per 100years (10-2). This simplifies the math
and focuses the analysis on the overall risk picture rather than getting lostin decimal
points.

6. What is "risk tolerance criteria"?

Thisis a critical input for LOPA. Risk tolerance criteria are predefined standards, set by
the company, that define the maximum level of risk that is considered acceptable for a
given consequence. For example, a company might decide thatitis tolerable for a major
safety event to occur no more than once every 10,000 years (10—-4 per year).

7. Whatis an "Independent Protection Layer" (IPL)?

An IPL is a device, system, or action thatis capable of preventing a hazardous scenario
from proceeding to its final consequence. To be considered an IPL, it must meet a strict set
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of criteria, mostimportantly thatitis independent of the initiating event and other
protection layers.

8. What is the key question LOPA answers?

LOPA fundamentally answers the question: "Are there enough layers of protection?" It
does this by comparing the calculated risk of a scenario against the company's predefined
risk tolerance criteria.

9. What is "risk"? How is it calculated in LOPA?

Risk is the combination of the likelihood of an event and the severity of its consequences.
In LOPA, the risk of a specific scenario is calculated as:

¢ Risk = Initiating Event Frequency x Probability of Failure of all IPLs
10. Is LOPA a qualitative, semi-quantitative, or quantitative method?

LOPA is semi-quantitative.
e |t's not qualitative because it uses numbers (orders of magnitude) for frequency and
probability.

e It's not fully quantitative because it doesn't use the precise, detailed failure rate
data and complex calculations of a Quantitative Risk Assessment (QRA).

## Part 2: The LOPA Process

11. What are the main steps in performing a LOPA?

1. Select a Scenario: Choose a single cause-consequence pairfrom the HAZOP.



Layer of Protection Analysis (LOPA)

INSTRUNEXUS

www.lnstrunexus.com

2. Determine the Initiating Event Frequency (IEF): Estimate how often the initiating
event is expected to occur (e.g., once peryear).

3. ldentify the Consequence: Define the severity of the final outcome (e.g., major
injury, asset damage).

4. Determine the Tolerable Risk: Look up the company's tolerable frequency for that
specific consequence level.

5. ldentify all IPLs: List all the protection layers that can stop the event.

6. Assess IPL Validity: Scrutinize each potential IPL to ensure it meets all the required
criteria (independent, effective, auditable).

7. Assign PFDs: Assign a Probability of Failure on Demand (PFD) value to each valid
IPL (e.g., 0.1 fora basicalarm, 0.01 for a relief valve).

8. Calculate the Mitigated Event Frequency: Multiply the IEF by the PFDs of all valid
IPLs.

9. Compare and Decide: Compare the mitigated frequency to the tolerable
frequency. If the risk is still too high, more protection is needed.

12. Who should be on a LOPA team?

A LOPAteam is typically smallerand more focused than a HAZOP team. It should include:

e Facilitator: An expert in the LOPA methodology.

e Process Engineer: Someone with deep knowledge of the process design.

e Control/Instrument Engineer: An expert on the control systems, alarms, and
interlocks.

e Operations Representative: Someone who understands how the plantis actually
operated.

e Other specialists as needed (e.g., a safety expert, a mechanical engineer).

13. What is the "initiating event"?

Theinitiating eventis the trigger that starts the hazardous scenario. Itis the firstevent in
the sequence. Common initiating events include:

e Equipmentfailure (e.g., pump failure, valve stuck open).



Layer of Protection Analysis (LOPA)

INSTRUNEXUS

www.lnstrunexus.com

Human error (e.g., operator opens the wrong valve).
External event (e.g., loss of power, loss of cooling).

14. What is the difference between an initiating event and an enabling condition?

Initiating Event: The event that starts the clock on the scenario.

Enabling Condition: A state or condition that must already be present for the
scenario to proceed, but which does notitself initiate the event. For example, "the
bypass on a safety valve being left open" is an enabling condition. It doesn't cause
the overpressure, but it enables the overpressure to lead to a vessel rupture.

15. How do you determine the Initiating Event Frequency (IEF)?

The IEF is typically sourced from:

Industry-standard databases: Widely accepted published data forcommon
equipment failures (e.g., from CCPS or OREDA).

Company-specific data: Historical maintenance and failure records from the plant
itself.

Expert judgment: The LOPAteam's collective experience.

16. What is a "risk gap"?

A risk gap exists when the calculated risk of a scenario (the mitigated event frequency) is

still higher than the company's tolerable risk.

Risk Gap = Tolerable Frequency / Mitigated Frequency For example, if the
tolerable frequency is 10—4/year and the calculated mitigated frequency is
10-3/year, thereis arisk gap of a factor of 10. This means a new safeguard is
needed that can reduce the risk by at least a factor of 10 (i.e., hasa PFD of 0.1 or
better).
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17. What happens after a risk gap is identified?

Theteam mustrecommend adding a new IPL orimproving an existing one to close the gap.
This often leads to the decision to implement a Safety Instrumented Function (SIF) and
the calculation of its required Safety Integrity Level (SIL).

## Part 3: Independent Protection Layers (IPLs)

18. What are the three core criteria for a valid IPL?

To be considered a valid IPL in LOPA, a safeguard must be:

1. Independent: It must be completely independent of the initiating event and the
other IPLs.

2. Effective: It must be capable of detecting the event and bringing the systemto a
safe state on its own, with a high degree of reliability.

3. Auditable: It must be possible to test and verify the function of the IPL on a regular
basis to ensure it is working correctly.

19. What does "independent" really mean for an IPL?

Independence means there are no common cause failures. For example, if theinitiating
event is the failure of a level controller, a high-level alarm that uses the same level
transmitter as the controller is not independent. A power failure that causes the initiating
event and also disables a safety system means that safety system is notindependent of
the power failure event.
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20. Can a Basic Process Control System (BPCS) function be claimed as an IPL?

Yes, but with very strict rules. Acontrol loop in the BPCS can sometimes be claimed as an
IPL, but itis typically only given a smallrisk reduction factor(e.g., a PFD of 0.1) and onlyif it
is demonstrated to be highly reliable, well-maintained, and has alarms to alert the operator
of its failure. It cannot be an IPL if the initiating event is the failure of another component
within the same BPCS.

21. Can a human operator be an IPL?

Yes, an operatorresponding to an alarm can be a valid IPL, provided several conditions are
met:

e Thealarm mustbe clear, unambiguous, and require a specific, pre-defined action.
e The operator must have sufficient time to respond (typically >15-20 minutes).

e Therequired action must be simple and straightforward.

e Theoperator must be properly trained.

e Thealarm must meet standards for high reliability.
22. Why is a standard pressure relief valve (PRV) often considered a very good IPL?

A PRV is often a perfect example of an IPL becauseit is:

e Independent: It is a fully mechanical device that requires no external power,
control signals, or human intervention to function. Its operation is independent of
the control system.

o Effective: It is designed to reliably relieve overpressure and prevent vessel rupture.
e Auditable: Itis subject to regular inspection, testing, and certification.

23. Give an example of something that is a safeguard but NOT an IPL.

Dikes and bunds around a storage tank.

e Theyare avalid safeguard because they contain a spill.
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e However, they are not an IPL because they do not prevent the hazardous scenario
(the tank overfilling and spilling). They only mitigate the consequences afterthe
event has already happened. LOPA focuses on prevention.

24. What s a typical PFD value for a pressure reliefvalve?

A well-maintained PRV is highly reliable and is typically assigned a Probability of Failure
on Demand (PFD) of 0.01, which is a risk reduction factor (RRF) of 100.

25. What s a typical PFD for an operator responding to a simple, clear alarm?

A human operatoracting as an IPL is typically assignheda PFD of 0.1, which is an RRF of 10.
This acknowledges that even a well-trained operator is not as reliable as a well-designed
engineering control.

26. Can you claim two different alarms as two separate IPLs?

Generally, no. If there is a high-level alarm and a high-high level alarm, you typically only
take credit for one operator response. This is because both alarms are alerting the same
person to take the same type of action, so they are not fully independent of each other in
terms of the human response.

27. What is "common cause failure"?

A common cause failure is when a single event orfault causes multiple safeguards to fail
simultaneously. Forexample, a power outage that causes a control valve to fail-open (the
initiating event) and also knocks out the alarm system that was supposed to alert the
operator. This is a key reason why independence is so critical for IPLs.

28. What is a Safety Instrumented Function (SIF)?

A SIF is an automated safety function designed to bring a process to a safe state when a
specific hazardous condition is detected. It consists of three parts: a sensor (e.g., a
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pressure transmitter), a logic solver (e.g., a safety PLC), and a final element (e.g., an
emergency shutdown valve). A SIF that meets the criteria can be a very powerful IPL.

## Part 4: LOPA Calculations & Data

29. What is PFD?

PFD stands for Probability of Failure on Demand. It is a dimensionless number (between
0 and 1) thatrepresents the likelihood that an IPL will fail to perform its function when itis
needed. A PFD of 0.1 meansthereisa 1in 10 chance the IPL will failwhen a demand
occurs.

30. What is RRF?

RRF stands for Risk Reduction Factor. Itis simply the inverse of the PFD.

¢ Formula:

RRF=PFD1

e APFD of 0.1 corresponds to an RRF of 10.
e APFD of 0.01 corresponds to an RRF of 100. RRF represents how many times the
IPL reduces the risk of the scenario.

31. How do you combine the PFDs of multiple IPLs in a scenario?

You multiply them together. For a scenario with an IEF and three valid IPLs, the final
mitigated riskis:

e Mitigated Frequency = IEF x PFD, x PFD, x PFD,
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32. Let's walk through a simple LOPA calculation.

Scenario: Apump sealfails, releasing a flammable liquid.

Initiating Event Frequency (IEF): Pump seal failure is expected once every 10 years
(0.1/yearor10-1).

Consequence: Amajor fire.

Tolerable Risk: The company's tolerable frequency for this consequence is once
every 10,000 years (0.0001/year or 10-4).

IPL1: Agas detector and alarm, with operatorresponse. PFD = 0.1.
IPL 2: An emergency shutdown valve activated by the gas detector. PFD = 0.01.
Calculation:

o Mitigated Frequency =0.1x0.1x0.01=0.0001 peryear (10-4).
Conclusion: The mitigated frequency (10-4) is equal to the tolerable risk (10-4).
Therefore, the protection is adequate, and thereis no risk gap.

33. What is a "conditional modifier"?

A conditional modifier is a probability that an event will proceed to the full consequence,

given thatthe initiating event and all IPLs have failed. Examples include:

Probability of ignition: Just because a flammable gas is released doesn't guarantee
itwill find an ignition source. This might be given a probability of 0.1.

Probability of someone being present: The consequence might be a fatality, but
someone has to bein the affected area for thatto happen. These modifiers can
sometimes be used to reduce the final calculated risk, but their use must be well -
justified.

34. Where do the PFD values for IPLs come from?

Similar to IEF data, PFD values come from:

Industry-standard data: Generic failure rate data forinstruments and systems.
Vendor data: Information provided by the manufacturer of the safety device.
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e Company standards: Many companies have their own standardized tables of PFDs
forcommon IPLs to ensure consistency.

35. What is the difference between PFD and PFH?

e PFD (Probability of Failure on Demand): Used for safety functions that operatein
low demand mode (demanded less than once per year). This is typical for most
SIFs in the process industry.

e PFH (Probability of Failure per Hour): Used for safety functions that operate in
high demand or continuous mode (demanded more than once per year). This is
more common in machine safety orindustries like nuclear power.
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## Part 5: LOPA's Role & Context

36. What is the primary output of a LOPA when a risk gap is found?

When arisk gap is found, the primary outputis the required Risk Reduction Factor (RRF)
fora new or improved IPL. This required RRF directly determines the Safety Integrity Level
(SIL) needed for a new SIF.

37. Whatis SIL?

SIL stands for Safety Integrity Level. Itis a measure of the reliability or performance of a
Safety Instrumented Function (SIF). There are four discrete levels (SIL 1, 2, 3, and 4), with a
higher SIL level indicating a higher level of performance and a lower probability of failure.

38. How does LOPA determine the required SIL?

LOPA determines the required SIL by calculating the risk gap. The required RRF to close
that gap maps directly to a SIL level.

e RRF of 10 to 100: Requires SIL1.
e RRF of 100 to 1,000: Requires SIL 2.
e RRF of 1,000 to 10,000: Requires SIL 3.

39. Is LOPA a design tool or an analysis tool?

It is primarily an analysis tool. It is used to analyze an existing design (or a proposed
design) to see if it is safe enough. However, the results of the analysis are then used to
guide the design of new safety systems, so it bridges the gap between analysis and design.
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40. What is a LOPA worksheet?

A LOPAworksheet is the standard form used to document the analysis of a single scenario.
It provides a structured layout to record the initiating event, consequence, tolerable risk,
all the IPLs with their PFDs, and the finalrisk calculation.

41. Can you take credit for a maintenance procedure as an IPL?

No. Maintenance and testing are what ensure thatan IPL is effective and meets its PFD
target, but the procedure itself does not stop the event. Therefore, maintenanceis a
requirement foran IPL, not an IPL itself.

42. What is the difference between a safeguard and an IPL?

This is a critical distinction. A safeguard is any device, system, or action thatisin placeto
improve safety. An IPL is a safeguard that has been rigorously evaluated and has been
proven to meet all the criteria (independent, effective, auditable).

e Al IPLs are safeguards, but not all safeguards are IPLs.

43. Can you use LOPA for environmental or financial risk scenarios?

Yes. While LOPA is most commonly associated with safety risk, the methodology is
identical for other types of risk. The only thing that changes is the risk tolerance criteria. A
company will have separate risk matrices defining the tolerable frequencies for major
environmental damage or large financial losses.

44. What are some common mistakes made during a LOPA?

e Incorrectly claiming an IPL: Claiming a safeguard thatis not truly independent or
effective.

e Double-dipping: Taking credit fortwo safeguards that are notindependent (e.g., a
BPCS control loop and a BPCS alarm on the same sensor).
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e Poorly defined scenarios: Trying to analyze a scenario with multiple causes or
consequences atonce.

e "LOPA-ing everything": Wasting time by applying LOPAto low-risk scenarios that
do notwarrant this level of detailed analysis.

45. What is ALARP?

ALARP stands for As Low As Reasonably Practicable. Itis a principle that states thatrisk
should be reduced to a level thatis as low as reasonably possible. In a LOPA context,
meeting the tolerable risk criteria is generally considered to have achieved ALARP.

46. What is the role of the LOPA facilitator?

Thefacilitatoris an expert in the LOPA methodology but should be impartial regarding the
process design. Theirrole is to:

e Guide theteam through the LOPA steps.

o Ensurethe rules of LOPA (especially for IPLs) are followed rigorously.
e Challenge the team's assumptions.

e Foster a collaborative environment.

e Documentthe results of the analysis.
47. How often should a LOPA be reviewed or revalidated?

A LOPAshould be reviewed and revalidated as part of the facility's PHA revalidation cycle,
which is typically every 5 years as required by regulations like OSHA's PSM standard. It
should also be reviewed any time there is a significant change to the process or its safety
systems.

48. Does LOPA consider the severity of the consequence in the calculation?
Indirectly, yes. The severity of the consequence is nota number in the mainrisk calculation

(Frequency = IEF x PFDs). However, the severity is used at the very beginning to look up the
tolerable risk frequency from the company's risk matrix. A more severe consequence will
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have a much lower (more stringent) tolerable frequency, which in turn demands more or
better IPLs.

49. What is the main limitation of LOPA?

Its main limitation is thatitis designed to analyze one cause-consequence pair at a time.
It is not well-suited for analyzing complex scenarios with multiple initiating events,
multiple failures, or cascading events. Forthose highly complex situations, a more
advanced method like a Quantitative Risk Assessment (QRA) using fault tree analysis
would be needed.

50. Why do you believe LOPA is an effective tool for process safety?

LOPA is effective because it provides a structured, consistent, and defensible framework
for making risk-based decisions. It bridges the gap between the qualitative world of HAZOP
and the complex world of QRA, providing a practical tool that:

e Focuses resources on the highest-risk scenarios.

e Clearly justifies the need for expensive safety systems like SIFs.

e Reduces arguments by providing a clear set of rules for evaluating safeguards.
e Creates excellent documentation of the risk assessment process.



