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ABSTRACT 
 
The U.S. Nuclear Regulatory Commission (NRC) Office of Nuclear Regulatory Research (RES) 
and the Electric Power Research Institute (EPRI) working under a memorandum of 
understanding (MOU) jointly conducted two sessions of the NRC– RES/EPRI Fire Probabilistic 
Risk Assessment (PRA) Workshop on July 16–20, 2012, and September 24–28, 2012, at the 
Bethesda Marriott in Bethesda, MD.  The purpose of the workshop was to provide detailed, 
hands-on training on the fire PRA methodology described in the technical document, 
NUREG/CR-6850 (EPRI 1011989) entitled “EPRI/NRC-RES Fire PRA Methodology for 
Nuclear Power Facilities.” This fire PRA methodology document supports implementation of 
the risk-informed, performance-based rule in Title 10 of the Code of Federal Regulations 
(10 CFR) 50.48(c) endorsing National Fire Protection Association (NFPA) Standard 805, as 
well as other applications such as exemptions or deviations to the agency’s current regulations 
and fire protection significance determination process (SDP) phase 3 applications. 
 
RES and EPRI provided training in five subject areas related to fire PRA, namely:  fire PRA, 
electrical analysis, fire analysis, fire human reliability analysis (HRA), and advanced fire 
modeling.  Participants selected one of these subject areas and spent the duration of the 
course in that module. The HRA module reviewed guidance provided in NUREG-1921 (EPRI 
1023001), “EPRI/NRC-RES Fire Human Reliability Analysis Guidelines,” while the fire 
modeling module reviewed the fire modeling guidance provided in NUREG-1934 (EPRI 
1019195), “Nuclear Power Plant Fire Modeling Application Guide.”  For each technical area, 
the workshop also included a 1-day module introducing the fundamentals of the subject.  The 
purpose of the fundamentals modules was to assist students without an extensive background 
in the technical area in understanding the in-depth training modules that followed.  Attendance 
in the fundamentals modules was optional. The workshop’s format allowed for in-depth 
presentations and practical examples directed toward the participant’s area of interest. 
 
This NUREG/CP documents both of the two sessions of the NRC-RES/EPRI Fire PRA 
Workshop delivered in 2012 and includes the slides and handout materials delivered in each 
module of the course as well as video recordings of the training that was delivered.  This 
NUREG/CP can be used as an alternative training method for those who were unable to 
physically attend the training sessions.  This report can also serve as a refresher for those 
who attended one or more training sessions and could also be useful preparatory material for 
those planning to attend future sessions. 
 
NRC Disclaimer: 
 
This document’s text and video content are intended solely for use as training tools.  No 
portions of their content are intended to represent NRC’s conclusions or regulatory positions, 
and they should not be interpreted as such. 
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1  
INTRODUCTION AND BACKGROUND 

The U.S. Nuclear Regulatory Commission (NRC) approved the risk-informed and 
performance- based alternative regulation in Title 10 of the Code of Federal Regulations 
(10 CFR) 50.48(c) in July 2004, which allows licensees the option of using fire protection 
requirements contained in the National Fire Protection Association (NFPA) Standard 805, 
“Performance-Based Standard for Fire Protection for Light-Water Reactor Electric Generating 
Plants, 2001 Edition,” with certain exceptions. To support licensees’ use of that option, the 
NRC’s Office of Nuclear Regulatory Research (RES) and the Electric Power Research Institute 
(EPRI) jointly issued NUREG/CR-6850 (EPRI 1011989), “Fire PRA Methodology for Nuclear 
Power Facilities,” in September 2005. That report documents state-of-the art methods, tools, 
and data for conducting a fire probabilistic risk assessment (PRA) in a commercial nuclear 
power plant (NPP) application. This report is intended to serve the needs of a fire risk analysis 
team by providing a general framework for conducting the overall analysis, as well as specific 
recommended practices to address each key aspect of the analysis.  Participants from the 
U.S. nuclear power industry supported demonstration analyses and provided peer review of the 
program.  Methodological issues raised in past fire risk analyses, including the Individual Plant 
Examination of External Events (IPEEE), are addressed to the extent allowed by the current 
state-of-the-art and the overall project scope. Although the primary objective of the report is to 
consolidate existing state-of-the-art methods, in many areas, the newly documented methods 
represent a significant advance over previous methods. 
 
NUREG/CR-6850 does not constitute regulatory requirements, and the NRC’s participation in 
the study neither constitutes nor implies regulatory approval of applications based on the 
analysis contained in that document.  The analyses and methods documented in that report 
represent the combined efforts of individuals from RES and EPRI.  Both organizations provided 
specialists in the use of fire PRA to support this work.  However, the results from that combined 
effort do not constitute either a regulatory position or regulatory guidance. 
 
In addition, NUREG/CR-6850 can be used for risk-informed, performance-based approaches 
and insights to support fire protection regulatory decision making in general. 
 
However, it is not sufficient to merely develop a potentially useful method, such as 
NUREG/CR- 6850, and announce its availability. It is also necessary to teach potential users 
how to properly use the method. To meet this need RES and EPRI have collaboratively 
conducted the NRC-RES/EPRI Fire PRA Workshops to train interested parties in the application 
of this methodology since 2005.  The course is provided in five parallel modules covering tasks 
from NUREG/CR-6850. 
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These five training modules are: 
 
• Module 1:  PRA/Systems Analysis – This module covers the technical tasks for 

development of the system response to a fire including human failure events.  
Specifically, this module covers Tasks/Sections 2, 4, 5, 7, 14, and 15 of Reference [1]. 

 
• Module 2:  Electrical Analysis – This module covers the technical tasks for analysis of 

electrical failures as the result of a fire.  Specifically, this module covers 
Tasks/Sections 3, 9, and 10 of Reference [1]. 

 
• Module 3: Fire Analysis – This module covers technical tasks involved in development of 

fire scenarios from initiation to target (e.g., cable) impact. Specifically, this module 
covers Tasks/Sections 1, 6, 8, 11, and 13 of Reference [1].  

 
• Module 4:  Fire Human Reliability Analysis – This module covers the technical tasks 

associated with identifying and analyzing operator actions and performance during a 
postulated fire scenario.  Specifically, this module covers Task 12 as outlined in 
Reference [1] based on the application of the approaches documented in Reference [2]. 

 
• Module 5: Advanced Fire Modeling – This module was added to the training in 2011.  It 

covers the fundamentals of fire science and provides practical implementation guidance 
for the application of fire modeling in support of a fire PRA.  Module 5 covers fire 
modeling applications for Tasks 8 and 11 as outlined in Reference [1] based on the 
material presented in Reference [3]. 

 
The first three modules are based directly on the “EPRI/NRC-RES Fire PRA Methodology for 
Nuclear Power Facilities,” EPRI 1011989, and NUREG/CR-6850 [1].  However, that document 
did not cover fire human reliability analysis (HRA) methods in detail.  In 2010, the training 
materials were enhanced to include a fourth module based on a more recent EPRI/RES 
collaboration and the then draft guidance document, EPRI 1019196, NUREG-1921 [2] published 
in late 2009.  The training materials are based on this draft document including the 
consideration of public comments received on the draft report and the team’s responses to 
those comments.  In 2011 a fifth training module on Advanced Fire Modeling techniques and 
concepts was added to the course.  This module is based on another joint RES/EPRI 
collaboration and a draft guidance published in January 2010, NUREG-1934 EPRI 1019195 [3]. 
 
 
In 2012 an additional first day of training was included in the NRC-RES/EPRI Fire PRA 
Workshop to cover principal elements of each technical area covered in the Fire PRA course, 
i.e., PRA, HRA, Electrical Analysis, and Fire Analysis.  This introductory module was intended to 
assist in preparing the students to understand the in-depth fire PRA training modules that 
followed.  The introductory modules were not intended to be a substitute for education and/or 
training in the subject matter.  The intent was that they would serve as a primer for those 
individuals who lacked such training or those who were cross-training in an area other than their 
primary area of expertise. 
 
The four introductory modules listed below (referred to as Module 0) were offered in parallel on 
the first day of the workshop. 
 

Module 0a:  Principles of PRA 
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Module 0b:  Principles of Electrical Analysis 
Module 0c:  Principles of Fire Science and Modeling 
Module 0d:  Principles of HRA  

 
These sub-modules are included in the text and on the accompanying DVDs as a part of their 
related module.  
 

1.1 About this text 
“Methods for Applying Risk Analysis to Fire Scenarios (MARIAFIRES) – 2012”, is a collection of 
the materials that were presented at the two sessions of the NRC-RES/EPRI Fire PRA 
conducted July 16–20, 2012, and September 24-28, 2012. 
 
The 2012 workshop was video recorded and adapted as an alternative training method for those 
who were unable to physically attend the training sessions.  This NUREG/CP is comprised of the 
materials supporting those videos and includes the five volumes below (the videos are enclosed 
on DVD in the published paper copies of this NUREG/CP).  This material can also serve as a 
refresher for those who attended one or more of the training sessions, and would be useful 
preparatory material for those planning to attend a session. 
 
MARIAFIRES is comprised of 5 volumes. 
 
Volume 1 – Module 0a Principles of PRA and Module 1: PRA/Systems Analysis  
Volume 2 – Module 0b Principles of Electrical Analysis and Module 2: Electrical Analysis  
Volume 3 – Module 0c Principles of Fire Science and Modeling and Module 3: Fire Analysis  
Volume 4 – Module 0d Principles of HRA and Module 4: Fire Human Reliability Analysis 
Volume 5 – Module 5: Advanced Fire Modeling  
 
Integral to Modules 1, 2 and 3 is a set of hands-on problems based on a conceptual generic 
nuclear power plant (NPP) developed for training purposes.  This generic plant is referred to in 
this text and in classroom examples as SNPP (Simplified Nuclear Power Plant).  The same 
generic NPP is used in all three modules.  Chapter 2 of this document provides the background 
information for the problem sets of each module, including a general description of the sample 
power plant and the internal events PRA needed as input to the fire PRA.  The generic NPP 
defined for this training is an extremely simplified one that in many cases does not meet any 
regulatory requirements or good engineering practices.  For training purposes, the design 
features presented highlight the various aspects of the fire PRA methodology. 
 
For Module 4 and 5, independent sets of examples are used to illustrate key points of the 
analysis procedures. The examples for these two modules are not tied to the simplified plant. 
Module 4 uses examples that were derived largely from pilot applications of the proposed fire 
HRA methods and on independent work of the EPRI and RES HRA teams. The examples for 
Module 5 were taken directly from Reference [3] and represent a range of typical NPP fire 
scenarios across a range of complexity and that highlight some of the computation challenges 
associated with the NPP fire PRA fire modeling applications. 
 
A short description of the Fire PRA technical tasks is provided below. For further details, refer to 
the individual task descriptions in EPRI 1011989, NUREG/CR-6850, Volume 2. The figure 
presented at the end of this chapter provides a simplified flow chart for the analysis process and 
indicates which training module covers each of the analysis tasks. 
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Plant Boundary Definition and Partitioning (Task 1).  The first step in applying the fire PRA 
methodology is to define the physical boundary of the analysis and to divide the area within that 
boundary into analysis compartments. 
  
Fire PRA Component Selection (Task 2).  The selection of components that are to be credited 
for plant shutdown following a fire is a critical step in any fire PRA.  Components selected would 
generally include many, but not necessarily all, components credited in the 10 CFR Part 50, 
“Domestic Licensing of Production and Utilization Facilities,” Appendix R, “Fire Protection 
Program for Nuclear Power Facilities Operating prior to January 1, 1979,” post-fire safe 
shutdown (SSD) analysis.  Additional components will likely be selected, potentially including 
most, but not all, components credited in the plant's internal events PRA.  Also, the proposed 
methodology would likely introduce components beyond either the 10 CFR 50 Appendix R list or 
the internal events PRA model.  Such components are often of interest because of concern for 
multiple spurious actuations that may threaten the credited functions and components, as well 
as from concerns about fire effects on instrumentation used by the plant crew to respond to the 
event. 
 
Fire PRA Cable Selection (Task 3).  This task provides instructions and technical 
considerations associated with identifying cables supporting those components selected in 
Task 2 above.  In previous fire PRA methods (such as EPRI Fire-Induced Vulnerability 
Evaluation (FIVE) and Fire PRA Implementation Guide), this task was relegated to the 
SSD analysis and its associated databases.  NUREG/CR-6850 (EPRI 1011989) offers a more 
structured set of rules for selection of cables. 
 
Qualitative Screening (Task 4).  This task identifies fire analysis compartments that can be 
shown, without quantitative analysis, to have little or no risk significance.  Fire compartments 
may be screened out if they contain no components or cables identified in Tasks 2 and 3 and if 
they cannot lead to a plant trip because of either plant procedures, an automatic trip signal, or 
technical specification requirements. 
 
Plant Fire-Induced Risk Model (Task 5).  This task discusses steps for the development of a 
logic model that reflects plant response following a fire.  Specific instructions have been provided 
for treatment of fire-specific procedures or plans.  These procedures may impact availability of 
functions and components or include fire-specific operator actions (e.g., self- induced station 
blackout). 
 
Fire Ignition Frequency (Task 6).  This task describes the approach to develop frequency 
estimates for fire compartments and scenarios.  Significant changes from the EPRI FIVE method 
have been made in this task.  The changes generally relate to the use of challenging events, 
considerations associated with data quality, and increased use of a fully component-based 
ignition frequency model (as opposed to the location/component-based model used, for 
example, in FIVE). 
 
Quantitative Screening (Task 7).  A fire PRA allows the screening of fire compartments and 
scenarios based on their contribution to fire risk.  This approach considers the cumulative risk 
associated with the screened compartments (i.e., the ones not retained for detailed analysis) to 
ensure that a true estimate of fire risk profile (as opposed to vulnerability) is obtained. 
 
Scoping Fire Modeling (Task 8).  This step provides simple rules to define and screen fire 
ignition sources (and therefore fire scenarios) in an unscreened fire compartment. 
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Detailed Circuit Failure Analysis (Task 9).  This task provides an approach and technical 
considerations for identifying how the failure of specific cables will impact the components 
included in the fire PRA SSD plant response model. 
 
 
Circuit Failure Mode Likelihood Analysis (Task 10).  This task considers the relative 
likelihood of various circuit failure modes.  This added level of resolution may be a desired option 
for those fire scenarios that are significant contributors to the risk.  The methodology provided in 
NUREG/CR-6850 (EPRI 1011989) benefits from the knowledge gained from the tests performed 
in response to the circuit failure issue. 
 
Detailed Fire Modeling (Task 11).  This task describes the method to examine the 
consequences of a fire.  This includes consideration of scenarios involving single compartments, 
multiple fire compartments, and the main control room.  Factors considered include initial fire 
characteristics; fire growth in a fire compartment or across fire compartments; detection and 
suppression; electrical raceway fire barrier systems, and damage from heat and smoke.  Special 
consideration is given to turbine generator (T/G) fires, hydrogen fires, high-energy arcing faults 
(HEAF), cable fires, and main control board (MCB) fires.  Considerable improvements can be 
found in the method for this task over the EPRI FIVE and Fire PRA Implementation Guide in 
nearly all technical areas. 
 
Post-Fire Human Reliability Analysis (Task 12). This task considers operator actions for 
manipulation of plant components. The analysis task procedure provides structured instructions 
for identification and inclusion of these actions in the fire PRA. The procedure also provides 
instructions for estimating screening human error probabilities (HEPs) before detailed fire 
modeling results (e.g., fire growth and damage behaviors) have necessarily been developed or 
detailed circuit analyses (e.g., can the circuit spuriously actuate as opposed to simply assuming 
it can actuate) have been completed. In a fire PRA, the estimation of HEP values with high 
confidence is critical to the effectiveness of screening. This report does not develop a detailed 
fire HRA methodology. A number of HRA methods can be adopted for fire with appropriate 
additional instructions that superimpose fire effects on any of the existing HRA methods such as 
the Technique for Human Error Rate Prediction (THERP), Causal Based Decision Tree (CBDT), 
A Technique for Human Event Analysis (ATHEANA), etc. This would improve consistency 
across analyses (i.e., fire and internal events PRA). 
 
Seismic Fire Interactions (Task 13). This task is a qualitative approach to help identify the risk 
from any potential interactions between an earthquake and a fire. 
 
Fire Risk Quantification (Task 14). The task summarizes what is to be done for quantification 
of the fire risk results. 
 
Uncertainty and Sensitivity Analyses (Task 15). This task describes the approach to follow 
for identifying and treating uncertainties throughout the fire PRA process. The treatment may  
vary from quantitative estimation and propagation of uncertainties where possible (e.g., in fire 
frequency and non-suppression probability) to identification of sources without quantitative 
estimation. The treatment may also include one-at-a-time variation of individual parameter 
values or modeling approaches to determine the effect on the overall fire risk (i.e., sensitivity 
analysis). 
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Fire PRA Documentation (Task 16). This task describes the approach to follow for 
documenting the Fire PRA process and its results. Figure 1 shows the relationship between the 
above 16 technical tasks from EPRI 1011989, NUREG/CR-6850, Volume 2.  
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1 At the time of the 2012 NRC-RES/EPRI Fire PRA Workshop, this final report had not yet been 
published. A draft for public comment was used to conduct the training.   
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2  
MODULE 5: ADVANCED FIRE MODELING 

 

NUREG/CR-6850, EPRI 1011989 did not provide detailed guidance on the application of fire 
modeling tools.  Rather, the base methodology document assumes that the analyst will apply 
a range of computation fire modeling tools to support the analysis, provides recommended 
practice relative to the general development/definition of fire scenarios and provides 
recommendations for characterizing of various fire sources (e.g., heat release rate transient 
profiles and peak heat release rate distribution curves).  The question of selecting and 
applying appropriate fire modeling tools was left to the analyst’s discretion.  
 
Module 5, Advanced Fire Modeling, is based on the joint EPRI/NRC-RES project documented 
in NUREG 1934, EPRI 1023259 “Nuclear Power Plant Fire Modeling Analysis Guidelines 
(NPP FIRE MAG).” NUREG 1934 was developed to provide guidance on the application of 
fire models to nuclear power plant fire scenarios and to serve as a teaching tool to support 
the Advanced Fire Modeling Module of the EPRI/NRC-RES fire PRA course.  
 
The following is a short description of the Fire PRA technical tasks covered in Module 5. For 
further details relative to this technical task, refer to the individual task descriptions in Volume 
2 of EPRI 1011989, NUREG/CR-6850. 

 
• Scoping fire Modeling (Task 8). Scoping fire modeling is the first task in the Fire PRA 

framework where fire modeling tools are used to identify ignition sources that may impact 
the fire risk of the plant.  Screening some of the ignition sources, along with the 
applications of severity factors to the unscreened ones, may reduce the compartment fire 
frequency previously calculated in Task 6. 

 
• Detailed Fire Modeling (Task 11). This task describes the method to examine the 

consequences of a fire. This includes consideration of scenarios involving single 
compartments, multiple fire compartments, and the main control room. Factors 
considered include initial fire characteristics, fire growth in a fire compartment or across 
fire compartments, detection and suppression, electrical raceway fire barrier systems), 
and damage from heat and smoke. Special consideration is given to turbine generator 
(T/G) fires, hydrogen fires, high-energy arcing faults, cable fires, and main control board 
(MCB) fires. 
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2.1 Fundamentals 
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2.2 Fire Model Descriptions 
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2.3 Special Topic: Validation 
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2.4 Model Uncertainty 
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2.5 Development of a Cable Response Model and Fire Model Verification  
and Validation 
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3  
EXAMPLES 

3.1 Example A: Control Room Fire 
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3.2 Example B: Cabinet Fire in Switchgear Room 
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3.3 Example C: Lubricating Oil Fire in Pump Compartment 
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3.4 Example D: MCC Fire in Switchgear Room 
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3.5 Example E: Transient Fire in Cable Spreading Room 
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3.6 Example F: Lube Oil Fire in Turbine Building 
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3.7 Example G: Transient Fire in a Corridor 
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3.8 Example H: Cable Tray Fire in Annulus 
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