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Background
– E2G spent most of 2004 developing methodology and 

programming in parallel to development of the new 
consequence model

– API PRD Module Technical Write-up is complete and 
is currently being balloted

– Methodology has been incorporated into Rev 6.0 of 
the API RBI software

– Methodology is currently being used by E2G on 
several pilot studies, very realistic results

API RBI PRD Module
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Methodology
– Highly Quantitative
– Risk for PRDs are calculated for two failure modes
– Fail to Open (FAIL)

• PRD does not open on demand during an overpressure 
scenario (fire, blocked discharge, CV failure, Loss of Cooling, 
Power failure, etc.)

• Over pressures can be well over normal operating, for some 
scenarios burst pressure (≈ 4 x Design pressure)

• Evaluate loss of containment (leaks or ruptures) from the 
protected equipment at the overpressure

• Includes repair costs of equipment, personnel injury, 
environmental and production losses

– Leakage Failure (LEAK)
• PRD leaks in-service
• Considers cost of lost fluid inventory, repair costs, production

losses if downtime is required to repair PRD
– RISK = POF x COF + POL x COL

API RBI PRD Module
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Probability of Failure

– POF is probability of PRD failure to open during emergency 
situations causing an overpressure situation in the protected 
equipment resulting in loss of containment (failures/year)

– POFOD is the probability of the PRD failing to open on 
demand (failure/demand)

– DR is the demand rate on the PRD or how often an 
overpressure situation arises that causes a demand on the 
valve (demands/year)

– (GFF X DF) is the probability of failure (loss of containment) 
from the vessel in its current damaged state

Probability of Leakage
– POL has units of (per year)-1 since we are concerned with 

leak during normal operation at overpressure

( )OPPOF POFOD DR GFF DF= × × ×

API RBI PRD Methodology
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Probability of Failure on Demand (POFOD)
– Use E2G Failure Database
– Contains about 5000 data points from actual in-shop bench tests
– Tracks FTO and LEAK data for Conventional, Balanced, Pilot-

Operated PRVs and Rupture Disks
– Database for FTO case includes:

• Stuck or Fails to Open (FTO)
• Includes Valve Partially Opens (VPO)
• and Opens Above Set Pressure (OASP)

– Database for LEAK case includes:
• Leakage Past Valve (LPV),
• Spurious/Premature Opening (SPO)
• and Valve Stuck Open (VSO)

– Need more Pilot and RD data
– Tracks effects of temperature, fluid severity, pulsing service, pipe 

vibration
– FTO is defined as failure to open at 1.3 times the set pressure
– LEAK is qualified as minor, moderate and stuck open, based on 

where the PRV started to leak in relation to set pressure on the
bench test

API RBI PRD Methodology
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Actual Failure Data for Default Mild, Moderate and 
Severe Services

Conventional Pressure Relief Valves
Cumulative Probability of Failure On Demand
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API RBI PRD Module

Actual Failure Database for Default Mild, Moderate and 
Severe Services
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Actual Leakage Data for Default Mild, Moderate and 
Severe Services

Cumulative Probability of Leakage
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Use Actual Failure Database for Default Mild, Moderate 
and Severe Services

Fluid Mild, Moderate, or Severe Mild, Moderate, or Severe
Pass/ Fail Data Leak Data

H2S Severe Moderate
Crude / Heavy HC Severe Mild
Rich / Lean Amine Severe Mild
Chemical- Liquid Severe Mild

Cooling Water Severe Mild
Corrosive HC Vapor Severe Moderate

Corrosive Liquid Severe Severe
Lube, Cycle and Seal Oils Moderate Moderate

Chemical - Gas Moderate Moderate
Intermediate HC Moderate Moderate

Air Moderate Mild
HC Vapor Mild Moderate

Process Water Mild Moderate
LPG/ NGL Mild Mild

BFW/ Condensate Mild Severe
Steam Mild Severe

Product HC Mild Moderate

Fluid Service Classification Fluid Service Classification

API RBI PRD Module
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API RBI PRD Methodology

Probability of Failure on Demand - POFOD 
(Failures/demand)
– Default Weibull failure (POFOD) curves are chosen 

based on the fluid severity (Mild, Moderate, Severe) 
selected by the user

– User can supply own Weibull parameters if desired

– Default curves are then adjusted based on the 
knowledge gained from the historical inspection 
records for each PRD
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Demand Rate - DR (demands/year)
– The methodology recognizes the fact that the PRD is not 

needed the majority of the time that is in-service, it is only 
needed during an overpressure event (fire, loss of power, 
blocked discharge, etc.)

– These overpressure events are rare, demand rates are 
typically on the order of 1/10 years but some are extremely 
rare, such as fire; 1/250 years

– Includes a Demand Rate Reduction Factor (DRRF) to 
account for factors in the process design that may 
assist in reducing the Demand Rate on a PRD

• Fire Fighting Facilities

• Process Control Layers of Protection (LOPA)

API RBI PRD Methodology



E2G14

Demand Rate
– User selects applicable overpressure scenarios from 

choice list
– Allows User to override demand rate

API RBI PRD Methodology



E2G15

Consequence of Failure
– Discussed consequence methods already
– Unlike fixed equipment RBI, the consequence modeler is run 

at much higher overpressures
• Software calculates potential overpressure if the PRD fails to 

open on demand
• Overpressure increases release amount and also increases 

probability of leaks and ruptures (GFFs are increased as a 
function of overpressure)

• Some overpressure scenarios (fire, power failure) will result in
rupture, if the PRD fails to open on demand

– Accounts for PRD Criticality
• Recognizes the fact that PRDs may have many different 

overpressure scenarios, some PRDs more critical than others 
• Enables the criticality of the PRD service to impact Risk, i.e. 

more critical services result in more risk
• Links to protected equipment, PRDs protecting damaged 

equipment get more attention

API RBI PRD Methodology
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The calculation of risk for a PRD failing to open upon 
demand is calculated for EACH applicable demand case 
using the demand rate, the probability of failure of the PRD 
and the calculated overall consequence of failure for the 
demand case as follows:

The overall risk is then determined by adding up the 
individual risks associated with the applicable demand 
cases as follows:

where i represents each of the n number of applicable 
overpressure demand cases

DC DC DCRisk POF COF= ×

1

n

fto DCi DCi
i

Risk POF COF
=

= ×∑

API RBI PRD Methodology
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This is repeated for EACH piece of equipment or 
component protected by the PRD

Heater

Reactor

Feed

RGC

HP Separator

API RBI PRD Methodology
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Direct Link to Fixed Equipment
– New PRD Protection Database Table which links 

PRDs to their protected equipment
• Handles equipment protected by multiple PRDs
• Handles multiple pieces of equipment protected by common 

PRD(s)

– Significantly reduces amount of input for PRDs. 
Links PRD to inventory group, operating and design 
conditions, fluid properties and most importantly to 
the damage state of the protected equipment

– PRD RBI cannot currently be performed without 
fixed equipment RBI

API RBI PRD Module
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Direct Link to Fixed Equipment
– Recognizes the fact that damaged vessels are at 

higher risk to failed PRD than undamaged vessels, 
current PRD module does not consider the protected 
equipment damage state.

– Also, since damage factor of the protected 
equipment increases as a function of time so does 
the risk associated with the PRD protecting it

– Allows risk ranking of PRDs versus fixed equipment

API RBI PRD Module
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Case Studies
– FCC Unit

• 84 PRDs
• Intervals set according to API 510, typically set at 5 

years (60 months)
• 95% of Risk was related to 17 PRDs, those protecting 

the major towers in the unit
• Reduced interval on 14 PRDs, 3 remained unchanged, 

increased intervals on 67 PRDs
• Average interval increased from 69 to 97 months
• Risk reduction of 65%, minor increase in inspection 

costs

API RBI PRD Module
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Figure 1: FCC/VRU Cummulative Risk
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Case Studies (Con’t.)
– COGEN Unit

• 21 PRDs
• Natural Gas, Steam, Carbon Monoxide
• Intervals set at 18 months, VERY conservative
• Client unsure of risk tolerance, ran sensitivity analysis 

(RT = $10K, $30K and $50K)
• RBI plan increased average interval to 86 months
• 80% reduction in inspection costs
• Significant increase in risk, based on Clients risk 

tolerance

API RBI PRD Module
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Figure 2: Net Present Value of Inspection Costs
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Case Studies (Con’t.)
– HF Unit

• 129 PRDs
• Intervals set in accordance with API 510, typically 60 

months
• Average interval increased from 59 months to 106 

months using an RBI plan
• Reduced intervals on critical PRDs protecting towers 

and HF storage
• Reduced interval on 14 PRDs, 1 remained unchanged, 

increased intervals on 74 PRDs
• 18% reduction in inspection costs
• 60% reduction in risk

API RBI PRD Module
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Figure 1: HF Alky Unit Cummulative Risk
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API RBI PRD Module

Case Studies (Con’t.)
– Hydrotreater Unit

• 23 PRDs
• Intervals set at 60 months
• 95% of the risk from 5 PRDs (20%)
• Average interval increased to 94 months
• Reduced interval on 5 PRDs, 1 remained unchanged, 

increased intervals on 17 PRDs
• significant reduction in inspection costs
• 80% reduction in risk
• Much better job optimizing inspection costs than 

VCERelief, which recommended 57 month average 
interval with not near the risk reduction
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