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1.A field operator contacted the control room about a leaking connection on a heat exchanger. The 
control room operator instructed the field operator to bypass the heat exchanger. However, unknown to 
the control room operator, additional piping had recently been installed upstream of the heat exchanger, 
and had not been recorded on the P&ID. When the field operator incorrectly opened a valve in the new 
piping, the process stream was routed to an unintended location. 
Which of the following groups of Risk Based Process Safety elements, if properly implemented, could 
have prevented this incident? 
A. Process Knowledge Management – Safe Work Practices – Management of Change 
B. Management of Change – Conduct of Operations – Emergency Management 
C. Process Knowledge Management – Management of Change – Training and Performance Assurance 
D. Asset Integrity – Training and Performance Assurance – Management of Change 
Answer: C 
Explanation: 
The best answer is C because the scenario shows three clear failures that align directly with these RBPS 
elements. First, the new upstream piping was not recorded on the P&ID, which is a failure of Process 
Knowledge Management (PKM). CCPS identifies PKM as the element for developing, documenting, and 
maintaining accurate process safety information such as drawings and system knowledge. Second, the 
piping had been recently installed, so the change should have been formally reviewed, approved, 
documented, and communicated through Management of Change (MOC). CCPS describes MOC as the 
system for recognizing changes, evaluating their hazards, authorizing them, and ensuring follow-up 
actions are completed. Third, the field operator incorrectly opened a valve, which points to inadequate 
Training and Performance Assurance —operators must be trained and shown capable of performing 
tasks correctly, especially when systems have changed. 
The other options are weaker because Emergency Management is mainly for response, not prevention; 
Asset Integrity concerns equipment fitness and reliability, not undocumented configuration changes; and 
Safe Work Practices, while important, do not address the central failure as directly as PKM, MOC, and 
Training. 
 
2.Austenitic stainless steels are typically susceptible to which of the following corrosion mechanisms 
specifically attributed to chloride exposure? (Select all that apply) 
A. Stress corrosion cracking 
B. Galvanic corrosion 
C. Pitting corrosion 
D. Uniform corrosion 
Answer: A, C 
Explanation: 
The correct answers are A (Stress Corrosion Cracking) and C (Pitting Corrosion) because both are well-
known chloride-induced damage mechanisms affecting austenitic stainless steels, as emphasized in 
CCPS Mechanical Integrity guidance. Chloride ions are particularly aggressive toward the passive oxide 
layer that protects stainless steel. When this protective film is locally broken down, pitting corrosion 
occurs, leading to highly localized attack that can penetrate deeply while leaving most of the surface 
intact. This makes detection difficult and increases the likelihood of sudden failure. 
Additionally, chloride stress corrosion cracking (SCC) occurs when tensile stress (residual or applied), a 
susceptible material (such as austenitic stainless steel), and a corrosive chloride environment are 
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present simultaneously. This mechanism can lead to brittle, catastrophic cracking with little prior warning, 
which is why CCPS highlights it as a critical degradation mechanism in process equipment. 
Galvanic corrosion (B) requires two dissimilar metals electrically connected in an electrolyte and is not 
specifically caused by chloride exposure alone. Uniform corrosion (D) is a general material loss across 
the surface and is not the primary concern for stainless steels in chloride environments, where localized 
attack dominates. 
Proper Mechanical Integrity programs per CCPS require identification of such damage mechanisms, 
material selection, inspection strategies, and monitoring to prevent unexpected failures. 
 
3.A facility’s process safety staff does consequence modeling for releases of various toxic substances 
that the facility handles. 
Which elements of Risk Based Process Safety would be most likely to use the results of this modeling? 
(Select all that apply) 
A. Operational Readiness 
B. Measurement and Metrics 
C. Stakeholder Outreach 
D. Hazard Identification and Risk Analysis 
E. Emergency Management 
Answer: C, D, E 
Explanation: 
The correct answers are C (Stakeholder Outreach), D (Hazard Identification and Risk Analysis), and E 
(Emergency Management) because consequence modeling is fundamentally used to understand the 
potential impact of hazardous material releases and to support risk-informed decision-making across 
these RBPS elements. 
Within Hazard Identification and Risk Analysis (HIRA), consequence modeling is a core analytical tool 
used in studies such as HAZOP, LOPA, and quantitative risk assessments (QRA). It helps estimate the 
severity of potential release scenarios, including toxic dispersion, which directly supports risk evaluation 
and safeguards selection. 
For Emergency Management, modeling results are essential to plan effective response strategies. They 
define hazard zones, evacuation distances, shelter-in-place decisions, and emergency resource 
allocation. CCPS emphasizes that credible worst-case and alternative release scenarios should guide 
emergency preparedness planning. 
In Stakeholder Outreach, consequence modeling provides critical information for communicating risks to 
external parties such as local communities, regulators, and emergency responders. This aligns with 
CCPS guidance on transparency and community awareness, ensuring stakeholders understand 
potential offsite consequences. 
Operational Readiness (A) focuses on startup and system preparedness, not consequence modeling 
outputs. Measurement and Metrics (B) deals with performance indicators rather than predictive hazard 
analysis. Therefore, they are less directly connected to the use of consequence modeling results. 
 
4.Which of the following can be considered applicable inspection methods as part of an 
Inspection/Testing/Preventive Maintenance program under the Asset Integrity and Reliability Element? 
(Select all that apply) 
A. Ultrasonic Thickness Measurements 
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B. Work Orders 
C. Ultrasonic Leak Detection 
D. Positive Material Identification 
Answer: A, C, D 
Explanation: 
The correct answers are A (Ultrasonic Thickness Measurements), C (Ultrasonic Leak Detection), and D 
(Positive Material Identification) because these are recognized inspection and testing techniques within 
CCPS’s Asset Integrity and Reliability element of RBPS. This element ensures that critical equipment is 
designed, fabricated, installed, and maintained to perform reliably throughout its lifecycle. 
Ultrasonic Thickness Measurement (UT) is a widely used non-destructive examination (NDE) 
method to monitor wall loss due to corrosion or erosion. It provides quantitative data that supports 
fitness-for-service evaluations and remaining life assessments. 
Ultrasonic Leak Detection is another diagnostic tool used to identify leaks in pressurized systems, 
valves, and fittings. It supports early detection of loss of containment, which is critical for preventing 
process safety incidents. 
Positive Material Identification (PMI) verifies that the correct alloy materials are installed, helping prevent 
failures due to incorrect material selection—especially important in environments prone to corrosion, 
high temperature, or hydrogen damage. 
Work Orders (B), while essential for maintenance management, are administrative controls rather than 
inspection or testing methods. CCPS distinguishes between execution systems (like work orders) and 
actual inspection techniques used to assess equipment condition. 
These inspection methods collectively support proactive identification of degradation mechanisms and 
ensure equipment integrity is maintained. 
 
5.Which of the following statements are correct regarding the flow control loop in the illustration? (Select 
all that apply) 

 
A. The component failure probabilities are multiplied together to determine the overall failure probability 
for the control loop. 
B. The component reliabilities are multiplied together to determine the overall reliability for the control 
loop. 
C. The overall failure of the control loop requires failure of all of the components. 
D. The overall failure of the control loop requires failure of only one of the components. 
Answer: B, D 
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Explanation: 
The correct answers are B and D because a typical flow control loop (including flow meter, controller, 
control valve, and associated instrumentation) behaves as a series system from a reliability perspective, 
as described in CCPS risk analysis and Layer of Protection Analysis (LOPA) principles. 
In a series system, the system fails if any single component fails, which supports answer D. 
For example, if the flow transmitter gives incorrect readings, or the control valve fails to actuate, the loop 
can no longer maintain proper control. This aligns with CCPS guidance that basic process control 
systems (BPCS) are generally not highly reliable independent protection layers due to multiple potential 
failure points. 
For such systems, the overall reliability is calculated by multiplying the reliabilities of individual 
components, which supports answer B. Each component must function correctly for the system to 
succeed. 
Option A is incorrect because failure probabilities are not simply multiplied in this context; instead, 
reliability (success probability) is multiplied, and failure probability is derived from the complement. 
Option C is incorrect because it describes a parallel system, where all components must fail for system 
failure—this is not applicable to a standard control loop. 
This concept is critical in CCPS hazard analysis and LOPA when evaluating safeguard effectiveness and 
independence. 
 
 


