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B.Eng. (Honors), Chemical Engineering, University of Strathclyde 

More than 20 years’ experience in the field of process safety including consulting, project management, 

technical support, technical sales, training course development and presentation and operations management, 

along with authoring many industry publications as well as presenting at various industry related organizations

Technical Expertise includes:
Process Safety and Risk Management
Hazard Identification (FMEA, HAZOP, What-if, Checklist, SVA)
Auditing
Pressure Relief and Flare System design
Consequence Analysis, Quantitative Risk Analysis, Facility Siting
LNG
Litigation Support

Contact info:  prophet.n.tx@ioMosaic.com 



Introduction
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Discuss and demonstrate the application of Overpressure Protection by System Design

Reference several guideline documents:
ASME Section VIII
ASME Section XIII 
WRC Bulletin 498

Overpressure Protection by System Design requires a rigorous methodology 
Overpressure scenario credibility
Magnitude of the overpressure

It helps to have a rigorous software tool to help you in this process!



What does ASME Section XIII say?
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Source: American Society of Mechanical Engineers (ASME) Boiler and Pressure Vessel Code an International Code – Section XIII 2021. Used for educational purposes only. Do not copy, share or distribute.

ASME Section XIII (released in 2021), Part 13 “Rules for 

Overpressure Protection by System Design” (replacing UG-140)

Pressurized Equipment For Which the Pressure is Self-Limiting
Process Safety Office (SuperChems™) - determine maximum 
coincident pressure and temperature for overpressure scenarios

Pressurized Equipment For Which the Pressure in Not Self-

Limiting
Process Safety Office (SuperChems™) - determine maximum 
coincident pressure and temperature for overpressure scenarios
Process Safety Office (ioLogic™) – determine overpressure 
scenario credibility



What does ASME Section XIII say?
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Source: American Society of Mechanical Engineers (ASME) Boiler and Pressure Vessel Code an International Code – Section XIII 2021. Used for educational purposes only. Do not copy, share or distribute.

Applying Overpressure Protection by System Design, for pressurized 

equipment for which the pressure is not self-limiting:
System may be protected by a combination of system design and 
pressure relief devices, if the following conditions are met:

(a) pressurized equipment is not exclusively in air, water or steam 
service, except for:

(1) If these services are critical to preventing the release of fluids that 
may result in safety or environmental concerns
(2) Failure or premature opening of the pressure relief device would 
result in unacceptably high probability of failure or damage to the 
pressurized equipment or other equipment in the system
(3) Failure or premature opening of the pressure relief device would 
result in significant operational upset(s)



What does ASME Section XIII say?
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Source: American Society of Mechanical Engineers (ASME) Boiler and Pressure Vessel Code an International Code – Section XIII 2021. Used for educational purposes only. Do not copy, share or distribute.

Applying Overpressure Protection by System Design, for pressurized 

equipment for which the pressure is not self-limiting:
System may be protected by a combination of system design and pressure 
relief devices, if the following conditions are met:

(b) The decision is the responsibility of the user
(c) The user shall conduct a detailed analysis to identify and examine all 
scenarios that could results in an overpressure condition, and magnitude of the 
overpressure. A multidisciplinary team shall conduct the analysis
(d) The overpressure scenario shall be readily apparent so that operators or 
protective instrumentation will take corrective action to prevent operation above 
the MAWP
(e) There shall be no credible overpressure scenario in which the pressure is not 
self-limiting Credible events or scenario analysis as described in WRC Bulletin 
498 shall be considered



What does ASME Section XIII say?
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Source: American Society of Mechanical Engineers (ASME) Boiler and Pressure Vessel Code an International Code – Section XIII 2021. Used for educational purposes only. Do not copy, share or distribute.

Applying Overpressure Protection by System Design, for pressurized 

equipment for which the pressure is not self-limiting:
System may be protected by a combination of system design and 
pressure relief devices, if the following conditions are met:

(f) The results of the analysis shall be documented and signed by the 
individual responsible for management of operation of the pressurized 
equipment

Documentation shall include:
Detailed process flow diagrams and P&IDs
Description of all operating and upset scenarios
Description of any safety critical instrumentation
Analysis showing the maximum pressure that can result from each of 
the scenarios described



What is WRC 498? (Referenced by ASME Section XIII)
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Source: Welding Research Council Bulletin. Used for educational purposes only. Do not copy, share or distribute.

Welding Research Council Bulletin 498, published in 2005

WRC 498 provides guidance on the application of Code Case 2211 

(Overpressure Protection by System Design) which was fully 

incorporated into ASME VIII UG-140 in 2008

WRC 498 was referenced in previous editions of ASME Section VIII

Considered RAGAGEP (Recognized and Generally Accepted Good 

Engineering Practice)



WRC 498 promotes consistency in Overpressure Protection 
by System Design
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Source: Welding Research Council Bulletin. Used for educational purposes only. Do not copy, share or distribute.

Recommends a five-step procedure:
1. Identify and document all initiating events or causes and the resulting 

overpressure. All scenarios are considered credible until evaluated and 
specifically designated to be non-credible.

2. Analyze the actions and consequences of the causes from Step 1 to 
identify scenarios that are not credible.

3. For each action and consequence deemed credible, determine a PDP 
(process design pressure) and MAWP.

4. Document the design features and the governing scenarios used to 
establish these design features.

5. Identify all process equipment that is critical to preventing pressure 
above the MAWP and document appropriate operating, inspection and 
maintenance procedures



Presentation Purpose
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Demonstrate how Process Safety Office® can help with this analysis
Determine Overpressure Scenario Credibility
Determine maximum coincident pressure and temperature for overpressure scenarios



Overpressure Scenario Credibility



Overpressure Scenario Credibility – Case Study
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A review of Company X’s design indicated that the existing pressure relief systems may 

be inadequate for possible scenarios of concern:
Loss of the cooling water pumps when only one reactor is operating
Loss of the cooling water pumps when some or all of the reactors are operating
Blocked reactor outlet

The reactors are also fitted with Safety Instrumented Systems, which can be taken into 

account per Annex E (Informative) of API Standard 521



Overpressure Scenario Credibility – Case Study
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Company X operates multiple (four) fluidized bed reactors
Reactor feeds include compressed process air, ammonia and an olefinic hydrocarbon
Chemical reaction is exothermic, and the reactor temperature is maintained by internal 
cooling coils supplied with cooling water from dedicated pumps
Effluent from each reactor is cooled by heat exchange with a coolant in an Effluent Cooler 
prior to a Quench Column
The reactors are serviced by two systems that are common to all reactors

Process air (main source for potential overpressure, but requires complete blocked outlet)
Two out of three (2oo3) cooling water pumps are required to handle the total cooling duty of 
all the reactors



Flow Diagram

© ioMosaic Corporation 16

Source: ioMosaic Corporation



Overpressure Scenario Credibility – Case Study
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WRC 498 provides many techniques for evaluating overpressure scenarios, and 
determining their credibility

Technique applied is Fault Tree Analysis (FTA) as the most efficient and effective method to 
assess the relief systems
 Considered RAGAGEP
 Meets the requirements of pressure protection standards (API Standard 521, ISA 84.01, 

WRC 498)

WRC 498 suggests an annual probability of less than 1 in 10,000 as the maximum 
probability for an overpressure scenario to be considered non-credible



Overpressure Scenario Credibility – Scenarios Evaluated
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Fault 
Tree

Overpressure Scenario Details

1 Blocked Reactor Outlet During reactor heat-up
2 & 3 Blocked Reactor Outlet During various operating modes (normal operation)
4 Reactor High Temperature 

(Loss of Cooling)
Heat-up, Start-up and Normal Operation – one reactor 
operational

5 Reactor High Temperature
(Loss of Cooling)

Heat-up, Start-up and Normal Operation – multiple 
reactors operational



Overpressure Scenario Credibility – Case Study
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Initiating Event Modifiers

Time at Risk / Enabling Events:

 Reactor operating phases

 Number of reactors operating

Valve position switch 
permissives:
 Prevents inadvertent valve 

position

Independent Protection Layers

Definition:

 Active and passive engineered controls
 Interrupts the chain of events leading to 

an undesirable safety outcome
Examples:

 Safety instrumented systems (e.g., 
interlocks)

 Safety instrumented functions (dedicated 
programmable logic controllers (PLCs))

 The basic process control system (BPCS)



ioLogic™ is provided as either a stand-alone program, or as 
part of your SuperChems™ installation
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Sources: All screenshot images in this presentation are from Process Safety Office® - SuperChems™, ioLogic™, ioReport™ - ioMosaic Corporation

ioLogic™ can be accessed from the Scenario object in SuperChems™



You must have a good understanding of the failure scenario being 
analyze, prior to constructing the fault tree. Upon opening ioLogic™, 
only the top event is displayed on a blank worksheet
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The Top Event can be defined by selecting the “Modify” option 
from the Operations menu, or by right-clicking
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The Top Event is named, and the relevant fault tree symbol 
assigned to it
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The fault tree can then be further developed by selecting “Add 
Branch” from the Operations menu, or by right-clicking
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The fault tree can then be further developed by selecting “Add 
Branch” from the Operations menu, or by right-clicking
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The fault tree can then be further developed by selecting “Add 
Branch” from the Operations menu, or by right-clicking

© ioMosaic Corporation 26



The fault tree can then be further developed by selecting “Add 
Branch” from the Operations menu, or by right-clicking
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The fault tree can then be further developed by selecting “Add 
Branch” from the Operations menu, or by right-clicking
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The fault tree can then be further developed by selecting “Add 
Branch” from the Operations menu, or by right-clicking
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The fault tree can then be further developed by selecting “Add 
Branch” from the Operations menu, or by right-clicking
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The fault tree can then be further developed by selecting “Add 
Branch” from the Operations menu, or by right-clicking
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As the fault tree grows, ioLogic™ will optimize the layout
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Failure rate data can be built in to ioLogic™, and accessed 
during fault tree construction
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The fault tree can be as large or small as desired, and can 
span multiple pages using the Transfer function
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The fault tree can be as large or small as desired, and can 
span multiple pages using the Transfer function
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ioLogic™ will check to ensure that the correct logic is applied 
when defining frequency or probability inputs
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OR GATE
Inputs to OR gates should be same 
statistic type
Inputs are added

AND GATE
Inputs to AND gates should be different 
statistic type
Inputs are multiplied

ioLogic™ will check the logic for you



Once the fault tree is defined, there are a number of results that can 
be calculated from the Math menu, or by right-clicking
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Compute
This will compute the 
probability/frequency for the selected 
node.

Get Cut Sets
This will get the minimal cut sets for the 
whole fault tree. 

Get Path Sets
This will get the minimal path sets for the 
whole fault tree



A Cut Set is a route through a tree between an initiator and the top 
event. The shortest credible way through the tree is called a Minimal Cut 
Set

© ioMosaic Corporation 38

Cut Sets are shown graphically in red, and in tabular format



Path sets are the opposite of the cut sets. If none of the events 
in a path set occur, the top event will not occur
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Path Sets are shown graphically in red, and in tabular format



The ‘Compute’ option will calculate the probability or frequency for the 
selected node – whether this is for part of the fault tree, or the top event
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In addition to the visual fault tree, several reports can be 
generated to support the fault tree itself
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Source: ioMosaic Image

Reports
Fault Tree Report
Detailed Fault Tree Report
Failure Data Report
Filtered Failure Data Report



The Fault Tree Report provides a summary of frequency and 
probability data used in the analysis
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The Detailed Fault Tree Report provides a summary of frequency and 
probability data used in the analysis, as well as equipment and data 
details
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The Fault Data Report provides a summary of frequency and 
probability data available within ioLogic™
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The Filtered Fault Data Report provides a filtered summary of 
frequency and probability data available within ioLogic™
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Overpressure Scenario Credibility - Results
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Multiple Fault Trees were developed to represent each scenario



Overpressure Scenario Credibility - Results
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Calculated frequencies of the potential overpressure scenarios are summarized below 

indicating scenarios are not credible

Reactor Tag # PSV Tag #

Frequency of Excessive Accumulation (Occurrences/ yr)
Normal Ops 

Blocked Outlet
Heat Up 

Blocked Outlet
One RX CW 

Loss
Multi Rx CW Loss

Reactor 1 PSV-1 4.40E-07 3.10E-08 7.40E-07

5.20E-05

Reactor 2 PSV-2 4.40E-07 3.10E-08 7.40E-07
Reactor 3 PSV-3 4.40E-07 3.10E-08 7.40E-07
Reactor 4 PSV-4 4.40E-07 3.10E-08 7.40E-07



Maximum Coincident Pressure and Temperature for 
Overpressure Scenarios 



Setting up the dynamic calculation - scenarios
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First, create the scenarios by going to Define  Scenario



Setting up the dynamic calculation - scenarios
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Use a meaningful name (Vessel tag, Scenario Key, Descriptor)



Setting up the dynamic calculation - mixture
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Create the mixture by going to Define  Chemical  Mixture



Setting up the dynamic calculation - mixture
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Compounds can be added to the mixture by clicking the       icon or right clicking in the 

mixture window



Setting up the dynamic calculation - vessel
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Create the vessel by going to Define  Equipment



Setting up the dynamic calculation - vessel
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Click the       icon to create a new vessel



Setting up the dynamic calculation - vessel
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Setting up the dynamic calculation - vessel
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Defining fire loading within vessel object



Setting up the dynamic calculation – applying 
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Apply the mixture and vessel to the scenario



Choosing Vessels Containing Two Phases (Dynamic)
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All sizing models are located under the 

Flow and Source Term context menu by 

right clicking on Models within the scenario 

of interest. Since the vessel is 25 vol% full,  

choose the Vessels Containing Two 

Phases (Dynamic) model



Vessels Containing Two Phases (Dynamic) - Initialize

© ioMosaic Corporation 59

This model needs to be initialized before 

using. This means the pressure, 

temperature, vol fill %, and mass of 

contents need to agree



Vessels Containing Two Phases (Dynamic) - Initialize
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Start the initialization process by entering the 

value for Pressure. Then, click Update

Go to the Toolbox tab. Use the “Specify Fill 

Fraction” to get the mass and temperature 

corresponding to a particular volume fill%, 

pressure, and composition



Vessels Containing Two Phases (Dynamic) - Initialize
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Confirm the starting temperature agrees 

with the normal operating temperature



Vessels Containing Two Phases (Dynamic) - Initialize
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Very important for printing. Notes  Check Required



Vessels Containing Two Phases (Dynamic) – Run Results
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Now the calculation is ready to run

Running with no relief device



Vessels Containing Two Phases (Dynamic) – with PSV
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Create a PSV object by going to Define  Piping Layout  Pressure Relief Valve 



Creating PSV object
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Inlet/outlet size

Discharge coefficient

Area

Set pressure



Creating piping layout
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Go to Define  Piping Layout  Piping Layout



Creating piping layout
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The layout includes only the relief device for this example



Vessels Containing Two Phases (Dynamic) – with PSV
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Copy previous scenario and give it a meaningful name



Vessels Containing Two Phases (Dynamic) – with PSV
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Apply the piping layout to the copied scenario



Vessels Containing Two Phases (Dynamic) – with PSV
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Change flow type, Update, and Run



Vessels Containing Two Phases (Dynamic) – with PSV results
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Note the applied relief device keeps the accumulation below vessel test pressure



Overpressure Scenario Credibility - Conclusions
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 The expected frequency of an event causing accumulation above 116% of the 
MAWP is less than the tolerability target frequency (e.g. 1.0E-04)

For overpressure scenarios evaluated 

 Capable of mitigating the overpressure risk to a tolerable level

The existing pressure relief systems pressure build-up is 
within acceptable limits 



Report Generation



Printing ioReport™
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Report  Prepare Report



Printing ioReport™
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Select vessel from dropdown



Printing ioReport™
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Select piping layout



Printing ioReport™
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Select Generate Report



Printing ioReport™
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Printing ioReport™
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Select Pressure History 



Printing ioReport™
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Select Vessel Fill Level History



Printing ioReport™
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Finally, generate reports



Printing ioReport™ - Output
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Report outputs to same folder as cor file



Conclusions
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Overpressure Protection by System Design requires a rigorous approach

Process Safety Office can help you with Overpressure Protection by System Design, 

especially with the following activities
Determine Overpressure Scenario Credibility
Determine maximum coincident pressure and temperature for overpressure scenarios



Contact
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Neil Prophet, Senior Vice President & Partner
prophet.n.tx@ioMosaic.com 
713.490.5220

1.844.ioMosaic
Sales@ioMosaic.com
www.ioMosaic.com 
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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 offers integrated process safety and risk management services to help you manage 
and reduce episodic risk. Because when safety, efficiency, and compliance are improved, you 
can sleep better at night. Our extensive expertise allows 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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