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ABSTRACT 
 
 
This report has been prepared for the NRC Advisory Committee on Reactor Safeguards 
(ACRS) to support its report to the Commission on the current state of licensees' 
transitions to risk-informed, performance-based fire protection programs that meet the 
requirements of 10 CFR 50.48(c), and the referenced 2001 Edition of the National Fire 
Protection Association (NFPA) Standard 805. 
 
The report is based on the review of information provided by both internal and external 
stakeholders and the results of NRC staff reviews of license amendment requests for 
two pilot plants (Oconee Nuclear Station and Shearon Harris Nuclear Power Plant) to 
adopt a risk-informed, performance-based fire protection program. 
 
The views expressed in this report are solely those of the authors and do not necessarily 
represent the views of the ACRS. 
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EXECUTIVE SUMMARY 
 
 
The purpose of this report is to review the current state of licensees' efforts to transition 
to risk-informed, performance-based fire protection programs that meet the requirements 
of 10 CFR 50.48(c) [1] and the referenced 2001 Edition of the National Fire Protection 
Association (NFPA) Standard 805 [2]. 
 
This report begins with an historical perspective on the development of fire protection 
regulatory requirements in Chapter 2.  It then provides an overview of the methodology 
and process for transition to a risk-informed performance-based fire protection program 
in Chapter 3.  Chapter 4 discusses the insights gained from the NRC staff's review of 
license amendment requests for the two pilot plants (Oconee Nuclear Station and 
Shearon Harris Nuclear Power Plant) to adopt a risk-informed, performance-based fire 
protection program.  Issues that may be impeding the transition process are discussed in 
Chapter 5.  Chapter 6 presents a summary of the major conclusions from this review. 
 
In support of this review, an ACRS consultant, Dr. Mardy Kazarians of Kazarians and 
Associates, conducted focused interviews with NRC staff and external stakeholders, in 
particular with those practitioners who are actively involved in fire safety and fire PRA 
model applications for the transition to NFPA 805.  Dr. Kazarians prepared a report on 
issues that may be impeding the transition process, which is included as Appendix A of 
this report. 
 
Some of the major conclusions and recommendations of the review are summarized in 
the following. 
 
The methods and guidance in NUREG/CR-6850 [4], supplemented by the clarifications 
and enhancements in NUREG/CR-6850 Supplement 1 [24], provide a sound technical 
basis for the development of fire PRA models and analyses to support the transition to a 
risk-informed licensing framework in accordance with NFPA 805 and 10 CFR 50.48(c).  
Consistent application of the recommended methods provides confidence that the 
identified sources of fire risk are derived from plant-specific features and do not depend 
on significant analyst-to-analyst variations in basic modeling techniques or assumptions.  
However, it is expected that focused departures from the guidance will be necessary to 
address some plant-specific issues.  These departures should be justified by technical 
evaluations that are of comparable scope and quality to analyses that are typically 
performed to support departures from other licensing regulatory guidance. 
 
The staff should consider establishment of a mutually-agreed-upon firm schedule for 
sequential submittals of license amendment requests for transition to the NFPA 805 risk-
informed framework.  The experience from a very successful similar process for plant 
license renewal applications has clearly demonstrated the technical benefits and mutual 
understanding that derive from each successive application and review.  Specific staff 
technical concerns are clarified and documented once, avoiding inefficient parallel 
requests for duplicate information.  The technical quality and consistency of subsequent 
license submittals benefit substantially from this experience, as the industry shares its 
understanding of the key generic issues and their resolution.  Successive staff reviews 
focus more closely on plant-specific issues and problems, rather than common generic 
concerns.  A sequential submittal process also facilitates effective pre-submittal 
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performance of consistent high quality industry peer reviews, with adequate time for 
analysts to implement the necessary PRA model refinements.  The industry has 
proposed an initial staggered submittal schedule with the first license amendment 
requests planned for late June 2011 and subsequent submittals extended through June 
2012 [28].  This proposal seems reasonable, based on our understanding of the key 
technical and practical issues.  Further submittal extensions beyond June 2012 do not 
seem warranted by the industry's cited concerns or the need for additional research 
results.  Any further extensions should be granted only if the staff and the licensee fully 
concur on a plant-specific justification. 
 
Experience from the Shearon Harris and Oconee license amendment reviews indicates 
that retention of conservative simplifications and assumptions in the baseline PRA 
models and analyses may support a staff determination of assurance that overall plant 
safety will be maintained under the NFPA 805 risk-informed licensing framework.  
However, known sources of conservatism or large uncertainties may affect the quality of 
post-transition decisions regarding proposed plant modifications that are informed by 
comparisons of absolute and relative changes in the baseline risk profile.  This is 
especially true for licensee self-approved changes that do not require previous staff 
review and approval, and are based on a conclusion that the overall risk impact from the 
proposed change is minimal. 
 
Uncertainties should be fully quantified and propagated through the fire PRA models 
according to current state-of-the-practice methods and guidance.  Quantification and 
documentation of the uncertainties and their contributors will provide improved 
understanding of the currently perceived degree of numerical conservatism in the overall 
fire risk results and its sources.  Consistent quantification of the uncertainties will also 
afford better understanding of the relative risk contributions from various fire hazards, 
locations, and scenarios, and comparisons of the relative risks from fires and other 
initiating events. 
 
The quantified risks from fires and internal events should be combined to develop an 
overall plant risk profile and a consistent enumeration of the contributors to that risk.  
Evaluations of proposed modifications to plant hardware or programs should 
appropriately characterize the quantified changes in risk, including the effects and 
sources of uncertainties, known conservatism, and possible optimism.  Comparisons of 
the changes to the risk from fires, the risk from internal initiating events, and the overall 
plant risk should be made to provide a balanced perspective of these contributions.  
Staff reviews and applications of regulatory guidance should account for these 
comparative assessments in the context of each plant-specific PRA model and the 
proposed risk-informed decision. 
 
Additional research, testing, and development of relevant databases are being 
undertaken by the industry and the staff.  More work is needed to bring the technology 
and analytical experience base for fully integrated fire PRAs to a state that is 
comparable to that for internal events PRAs.  We make a few observations on some of 
this planned work. 
 
A significant effort is in progress to develop an updated fire events database.  The 
updated database should consistently account for plant-to-plant variability in the 
available operating experience as a distinct contribution to the underlying uncertainties in 
the frequency for each fire event category.  Inappropriate restriction of the data to 
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include only a subset of the most recent operating experience will affect the computed 
uncertainties and the corresponding mean frequencies. 
 
Efforts should be expedited to develop data for "component-level" fire ignition 
frequencies, rather than the currently applied "plant-level" frequencies. 
 
Caution is warranted regarding expectations that in-progress efforts to enhance the 
industry fire events database will result in significant reductions in the quantified risk 
from electrical cabinet fires.  Those efforts will certainly improve the overall experience 
base and understanding of these fires, and they should continue to completion.  
However, other initiatives and research should address this technical issue in a more 
integrated manner. 
 
The general category of "electrical cabinets" in NUREG/CR-6850 should be subdivided 
into functional subgroups that can consistently account for fire ignition frequencies, 
potential fire severities, typical characteristics of plant locations, and potential risk 
consequences.  For example, possible subgroups might contain switchgear and load 
centers, motor control centers, DC buses, AC and DC power distribution panels, 
protection and control signal cabinets, etc.  Results and engineering insights from the 
completed pilot plant studies and in-progress PRAs should be used to guide the 
definitions of these groups. 
 
The staff and industry should continue current initiatives for collaboration and 
coordination of intermediate- and long-term research.  These initiatives have effectively 
applied limited resources to investigate several difficult issues, and they have generally 
avoided inefficient duplication of effort.  Research priorities should be established by the 
demonstrated needs to support specific refinements to PRA methods, models, and data 
that have the most potential benefit to the largest number of plants. 
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1.  INTRODUCTION 
 
 
The purpose of this report is to review the current state of licensees' efforts to transition 
to risk-informed, performance-based fire protection programs that meet the requirements 
of 10 CFR 50.48(c) [1] and the referenced 2001 Edition of the National Fire Protection 
Association (NFPA) Standard 805 [2].  
 
In a June 25, 2010 Staff Requirements Memorandum (SRM) [3], resulting from the June 
9, 2010 meeting with the Advisory Committee on Reactor Safeguards (ACRS), the 
Commission stated that "the ACRS should conduct a review and report back to the 
Commission on the current state of licensee efforts to transition to National Fire 
Protection Association (NFPA) Standard 805.  The review should include methodological 
and other issues that may be impeding the transition process, lessons learned from the 
pilot projects and recommendations to address any issues identified.  The review should 
determine whether the level of conservatism of the methodology is appropriate and 
whether any adjustments should be considered.  This review should not influence the 
staff's actions regarding the pilot projects or the pending license amendment reviews."  
This report has been prepared for use by the ACRS in responding to the Commission 
request. 
 
The ACRS Subcommittee on Reliability and Probabilistic Risk Assessment (PRA) held 
meetings in November and December 2010 to gather relevant information from industry 
representatives, members of the public, and the NRC staff.  In support of this review, Dr. 
Mardy Kazarians of Kazarians and Associates was commissioned to conduct focused 
interviews with NRC staff and external stakeholders, in particular with those practitioners 
who are actively involved in fire safety and fire PRA model applications for the transition 
to NFPA 805, and prepare a report on issues that may be impeding the transition 
process.  Appendix A of this report was prepared by Dr. Kazarians based on his 
interviews, as well as his own extensive experience as a practitioner and as a participant 
in the development of the EPRI / NRC-RES Fire PRA Methodology for Nuclear Power 
Facilities (NUREG/CR-6850 / EPRI 1011989) [4]1. 
 
This report begins with an historical perspective on the development of fire protection 
regulatory requirements in Chapter 2.  It then provides an overview of the methodology 
and process for transition to a risk-informed performance-based fire protection program 
in Chapter 3.  Chapter 4 discusses the insights gained from the NRC staff's review of 
license amendment requests for the two pilot plants (Oconee Nuclear Station and 
Shearon Harris Nuclear Power Plant) to adopt a risk-informed, performance-based fire 
protection program.  Issues that may be impeding the transition process are discussed in 
Chapter 5.  Chapter 6 presents a brief summary of the major conclusions from this 
review. 
 
 

                                                
1 The reference methodology report was prepared jointly by the NRC and EPRI.  The 
complete citation is NUREG/CR-6850, EPRI 1011989.  For brevity, only the abbreviated 
citation of NUREG/CR-6850 is used throughout this report. 
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2.  HISTORICAL PERSPECTIVES ON DEVELOPMENT OF FIRE 
PROTECTION REGULATORY REQUIREMENTS 

 
 
Early Years of Operation of Nuclear Power Plants 
 
Fire protection in nuclear power plants has been a subject of interest since the earliest 
days of reactor development.  In the 1960s, the Atomic Energy Commission (AEC) 
began adopting rules and standards to ensure fire safety.  The first fire protection 
regulatory requirement was General Design Criterion (GDC) 3, "Fire Protection," 
adopted in 1971 as a part of Appendix A to Part 50 of Title 10 of the Code of Federal 
Regulations (10 CFR Part 50).  GDC 3 states that: 
 

"Structures, systems, and components important to safety shall be 
designed and located to minimize, consistent with other safety 
requirements, the probability and effect of fires and explosions.  
Noncombustible and heat resistant materials shall be used wherever 
practical throughout the unit, particularly in locations such as the 
containment and control room.  Fire detection and fighting systems of 
appropriate capacity and capability shall be provided and designed to 
minimize the adverse effects of fires on structures, systems, and 
components important to safety.  Firefighting systems shall be designed to 
assure that their rupture or inadvertent operation does not significantly 
impair the safety capability of these structures, systems, and 
components." 

 
However, there was no detailed guidance on how to determine whether a plant's fire 
protection program met these performance objectives, and the NRC staff relied primarily 
on compliance with local fire codes and insurance underwriter ratings to determine 
acceptability [5]. 
 
Browns Ferry Fire and Appendix R 
 
The importance of fire-initiated accidents was made profoundly evident by the fire at the 
Browns Ferry Nuclear Power Plant in March 1975, just three months after the NRC 
started operation as a newly formed regulatory agency, established by the Energy 
Reorganization Act of 1974.  Although the fire disabled a significant number of plant 
safety systems, the operators successfully brought the reactor from power operation to a 
safe shutdown condition.  The Browns Ferry fire provided an impetus for the NRC to 
develop fire safety requirements to ensure the continued availability of a plant's safety-
related functions during and after a fire that went beyond common industrial fire 
protection practices.  The NRC formalized these requirements as Appendix R to 10 CFR 
Part 50, "Fire Protection Program for Nuclear Power Facilities Operating Prior to January 
1, 1979."  In November 1980, the NRC published the "Fire Protection" rule, 10 CFR 
50.48, and Appendix R to 10 CFR Part 50. 
 
These deterministic regulatory requirements seek to ensure safety through the post-fire 
survival of structures, systems, and components that are needed to shut down the 
reactor and to maintain core cooling.  Licensees are required to protect one set of plant 
equipment necessary to shut down the reactor safely using a combination of physical 
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separation, barriers, and methods to detect and control or extinguish fires.  Operator 
manual actions, documented in plant procedures, can be used to recover other safe 
shutdown equipment that could be damaged during a fire. 
 
The NRC staff's assessment of implementation of the deterministic regulatory framework 
for fire protection is reflected in the following statements taken from the background 
discussion in Regulatory Guide 1.189, "Fire Protection for Nuclear Power Plants": 
 

"During the initial backfit of the fire protection regulation, the NRC 
approved many plant-specific exemptions (i.e., alternative methods to 
achieve the underlying purpose of the regulation) at about 60 nuclear 
power plants.  Since the mid-1980s, as licensees' programs have become 
more compliant with the fire protection regulations, the number of 
exemptions requested and approved has decreased.  Even so, the 
ongoing review of licensees' FPPs [Fire Protection Programs], the 
licensees' efforts to save costs while maintaining an acceptable level of 
safety, and the emergence of additional technical issues (such as the 
deliberations over the adequacy of Thermo-Lag as a fire protection 
barrier) have resulted in several hundred exemptions to specific elements 
of the NRC's fire protection requirements.  This progression, the broad 
provisions of the GDC, the detailed implementing guidance, the plant-by-
plant review, and finally the issuance and backfit of the fire protection 
regulation and the prescriptive requirements of Appendix R created a 
complex regulatory framework for fire protection in U.S. nuclear power 
plants licensed before 1979 and resulted in the issuance of additional 
guidelines, clarifications, and interpretations, primarily as generic letters." 

 
Early Development of Probabilistic Risk Assessments for Fire and IPEEE 
 
The deterministic regulatory requirements for fire protection, based on a set of 
postulated serious fires, were developed before the NRC or the industry had the benefit 
of probabilistic risk assessments (PRAs) for fires and other recent advances in fire 
modeling. 
 
In late 1970s, the NRC initiated a research project, led by Dr. George Apostolakis at the 
University of California Los Angles (UCLA), to develop a methodology for assessing fire 
risk at nuclear power plants [5].  The UCLA team developed and demonstrated an 
analysis approach that integrated the predictions of a deterministic computer model for 
fire behavior into PRA models for fire scenario progression.  A number of industry-
sponsored PRAs, including those at Zion (1981) [6] and Indian Point (1982) [7], used the 
UCLA-developed approach.  The UCLA-developed framework was also used in NRC-
sponsored fire PRAs, including the integrated risk assessment for LaSalle [8] and the 
NUREG-1150 Study [9].  These studies showed that fires could be an important 
contributor to the frequency of core damage and risk because of their potential to affect 
multiple trains of equipment. 
 
In the 1985 Commission policy statement on severe accidents in nuclear power plants 
[10], the Commission concluded, based on available information, that existing plants 
posed no undue risk to the public health and safety and that there was no basis for 
immediate action on any regulatory requirements for those plants.  However, based on 
NRC and industry experience with plant-specific PRAs, the Commission recognized that 
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systematic examinations were beneficial in identifying plant-specific vulnerabilities to 
severe accidents which might be mitigated with low-cost improvements.  As a key part of 
the implementation of the policy statement, the NRC issued Generic Letter 88-20 [11] in 
1988, requesting that each licensee conduct an individual plant examination (IPE) for 
internally initiated events only.  In 1991, the NRC issued Supplement 4 to GL 88-20, 
"Individual Plant Examination of External Events (IPEEE) for Severe Accident 
Vulnerabilities."  That supplement specifically requested licensees to perform an IPEEE 
to identify plant-specific severe accident vulnerabilities initiated by external events, which 
traditionally include events initiated by internal fires, and to submit the results to the 
NRC. 
 
NFPA Standard 805 and Transition to Risk-Informed Performance-Based Fire 
Protection Program 
 
In 1995, the NRC adopted a policy [12] that promotes increased use of PRA technology 
in all regulatory matters to the extent supported by the state-of-the-art in PRA methods 
and data, and in a manner that complements the NRC's deterministic approach.  The 
ACRS had been encouraging the NRC transition to a risk-informed regulatory approach 
and provided technical overviews of this transformation. 
 
In SECY-98-058, "Development of a Risk-Informed, Performance-Based Regulation for 
Fire Protection at Nuclear Power Plants," dated March 26, 1998, the staff proposed to 
work with the NFPA and the industry to develop a risk-informed, performance-based 
consensus standard for fire protection at nuclear power plants that could be used as an 
alternative to the existing deterministic fire protection requirements.  The Commission 
approved the proposal, and the staff participated with the NFPA and industry in the 
development of NFPA 805. 
 
In 2001, the NFPA Standards Council approved NFPA 805, which specifies the 
minimum fire protection requirements for existing light-water nuclear power plants during 
all phases of plant operations, including shutdown and decommissioning.  The standard 
describes a method for the use of fundamental fire protection design elements and risk-
informed, performance-based approaches to establish adequate fire protection 
procedures, systems, and features. 
 
Effective July 16, 2004, the Commission amended its fire protection requirements in 10 
CFR 50.48 to add 10 CFR 50.48(c), which incorporates the 2001 edition of NFPA 805 by 
reference, with certain exceptions.  Section 50.48(c) allows licensees to voluntarily adopt 
and maintain a fire protection program that meets the requirements of NFPA 805 as an 
alternative to meeting the requirements of 10 CFR 50.48(b).  Adoption of the NFPA 805 
framework requires the submission of a license amendment request to the NRC. 
 
In a December 12, 2003 report to the Commission, the ACRS recommended the 
issuance of the final rule amending 10 CFR 50.48 to permit licensees to voluntarily adopt 
fire protection requirements contained in NFPA 805.  The Committee noted that 
"according to the staff projections, the implementation of a performance-based 
alternative would result in a reduction in future regulatory interactions associated with 
requests for license exemptions and deviations related to fire protection changes.  It 
would also allow licensees and the staff to focus their attention and resources on the 
most risk-significant fire protection equipment and activities through more flexible, 
efficient, and rational processes." 
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3.  OVERVIEW OF THE METHODOLOGY AND PROCESS FOR 
TRANSITION TO A RISK-INFORMED PERFORMANCE-BASED 

FIRE PROTECTION PROGRAM 
 
 
The NFPA 805 Standard specifies the minimum fire protection requirements for existing 
light-water nuclear power plants during all phases of plant operations, including 
shutdown and decommissioning.  The standard offers the choice of a "deterministic" or a 
"performance-based" methodology for determining fire protection features and 
demonstrating that nuclear safety performance criteria are met. 
 
10 CFR 50.48(c) allows licensees to voluntarily adopt and maintain a fire protection 
program that meets the requirements of NFPA 805 as an alternative to meeting the 
requirements of 10 CFR 50.48(b), i.e., conformance with Appendix R to 10 CFR Part 50 
for plants licensed to operate before January 1, 1979, or the approved fire protection 
license conditions for plants licensed to operate after January 1, 1979. 
 
There are specific procedural requirements for transitioning to a risk-informed, 
performance-based fire protection program based on the provisions of NFPA 805.  In 
particular, 10 CFR 50.48(c)(3)(i) requires licensees who choose to adopt such a program 
to submit a license amendment request to the NRC that identifies any orders and license 
conditions that must be revised or superseded, and contains any necessary revisions to 
the plant's technical specifications and the bases thereof. 
 
In addition, 10 CFR 50.48(c)(3)(ii) requires the licensee to complete its implementation 
of the methodology in Chapter 2 of NFPA 805 (including all required evaluations and 
analyses) and to modify the fire protection plan to reflect the licensee's decision to 
comply with NFPA 805, before making changes to its fire protection program or to the 
plant configuration.  The intent of this paragraph is discussed in the statement of 
considerations for the final rule [13]: 
 

"This process ensures that the transition to an NFPA 805 configuration is 
conducted in a complete, controlled, integrated, and organized manner.  
This requirement also precludes licensees from implementing NFPA 805 
on a partial or selective basis (e.g., in some fire areas and not others, or 
truncating the methodology within a given fire area). 

 
The evaluations and analyses process in Chapter 2 of NFPA 805 provides 
for the establishment of the fundamental fire protection program, 
identification of fire area boundaries and fire hazards, determination by 
analysis that the plant design satisfies the performance criteria, 
identification of the structures, systems and components (SSCs) required 
to achieve the performance criteria, conduct of plant change evaluations, 
establishment of a monitoring program, development of documentation, 
and configuration control.  Chapter 2 of NFPA 805 also provides for the 
use of a deterministic or performance-based approach to determine that 
the performance criteria are satisfied and provides for the use of tools 
such as engineering analyses, fire models, nuclear safety capability 
assessments, and fire risk evaluations to support development of these 
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approaches.  The methodology for the use of these tools is established in 
Chapter 4 of NFPA 805."  

 
The transition process is essentially deterministic.  It "brings forward" a significant 
portion of the existing licensing basis to the new NFPA 805-based licensing basis and 
adds some new requirements, such as one for investigating fires occurring during non-
power operational modes.  After this transition phase, NFPA 805 requires that any 
requests for changes to the approved fire protection program be risk-informed. 
 
NFPA 805 primarily addresses technical issues and does not provide a framework or 
guidance pertaining to the regulatory process for plants choosing to adopt NFPA 805.  In 
its December 12, 2003 report to the Commission on the draft final rule revising 10 CFR 
50.48, the ACRS agreed that "the staff should continue to work with the industry to 
develop implementation guidance that includes instructions on transitioning to and 
administering a fire protection program consistent with NFPA 805 and that does not 
create unnecessary barriers to the use of the standard." 
 
The Nuclear Energy Institute (NEI) volunteered to work with representatives of the 
industry and the NRC staff to develop an implementing guide (NEI 04-02) [14] that 
provides direction and clarification for plants choosing to adopt NFPA 805.  Regulatory 
Guide 1.205, "Risk-Informed, Performance-based Fire Protection for Existing Light-
Water Nuclear Power Plants," endorses the guidance provided in NEI 04-02 regarding 
the transition to an NFPA 805-based fire protection program. 
 
In anticipation that many nuclear power plants would transition to risk-informed, 
performance-based fire protection programs, the NRC and the nuclear industry 
developed a number of other guidance documents and standards to aid the transition as 
shown in Figure 1. 
 
Fire PRA Methodology  
 
10 CFR 50.48(c) permits license amendment requests that are not based on a fire PRA 
model.  However, as stated in the Background Section of RG 1.205, "the NRC 
anticipates that licensees will develop a plant-specific fire PRA to fully realize the safety 
and cost benefits of making the transition to NFPA 805."  A fire PRA forms the basis for 
risk-informed changes to the fire protection program that can be made without prior NRC 
review and approval. 
 
In accordance with NFPA 805, the fire PRA used to perform the risk assessments for the 
plant change evaluation (Section 2.4.4) and the fire risk evaluation (Section 4.2.4.2) 
must be of sufficient technical adequacy to support the application.  NFPA 805 also 
requires that the PRA approach, methods, and data be acceptable to the authority 
having jurisdiction (i.e., NRC). 
 
Regulatory Guide 1.205 states that the licensee may address the technical adequacy of 
the underlying PRA by conforming to the peer review and self-assessment processes in 
Regulatory Guide 1.200, "An Approach for Determining the Technical Adequacy of 
Probabilistic Risk Assessment Results for Risk-Informed Activities."  This regulatory 
guide provides an approach acceptable to the NRC for determining the technical 
adequacy of the baseline PRA model.  It endorses, with certain clarifications and 
qualifications, Addendum A to the American Society of Mechanical Engineers / American 
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Figure 1.  Relationship of 10 CFR 50.48(c) to Regulatory Guide 1.205 and other 
Guidance 
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Nuclear Society (ASME/ANS) RA-Sa 2009, "Standard for Probabilistic Risk Assessment 
for Nuclear Power Plant Applications" (PRA Standard) [15]. 
 
In 2005, the NRC Office of Nuclear Regulatory Research (RES) and the Electric Power 
Research Institute (EPRI) completed a cooperative program to consolidate prior fire PRA 
research and development activities into a single state-of-the-art methodology for fire 
PRA.  The results, documented in NUREG/CR-6850 / EPRI 1011989 [4], provide a 
structured framework for the overall analysis process, as well as recommended 
practices to address key aspects of specific analysis tasks.  While the primary objective 
of the project was to consolidate and integrate existing state-of-the-art methods, in many 
areas new methods and approaches that represented a significant advancement over 
those previously documented were developed. 
 
Industry participants provided an extensive peer review of the joint NRC/EPRI project on 
fire PRA methodology.  A formal issue resolution process was incorporated into the 
project to ensure that divergent technical views were fully considered.  Although RES or 
EPRI could have chosen to take separate positions on issues, no such cases were 
encountered, and consensus was reached on all the issues addressed by the project.  
Two nuclear plants participated as pilot plants during the project and performed focused 
demonstrations of specific analysis tasks.  RES and EPRI had intended that these 
demonstration studies would be complemented by full-scope fire PRAs at the pilot 
plants.  However, neither of the two pilot plants completed a fire PRA.  As noted in the 
June 10, 2005 ACRS report on Draft Final NUREG/CR-6850, this represented "a missed 
opportunity to gain experience with the procedures and new approaches in NUREG/CR-
6850."  The ACRS also recommended that "full-scope pilot fire PRAs based on the 
procedures and methods in NUREG/CR-6850 should be completed, and the insights 
provided by these applicationsshould be used to enhance the methodology." 
 
The ACRS has often emphasized the need for thorough uncertainty analyses to support 
licensee and regulatory decision making.  In its June 10, 2005 report on Draft Final 
NUREG/CR-6850, the ACRS noted that "while the uncertainties in fire ignition 
frequencies and post-fire human reliability will be quantified, many of the other 
uncertainties are to be relegated to a quality review rather than elucidated and made 
visible by estimation or analysis."  The ACRS recommended that "although a reasonable 
attempt has been made to require the identification of the key sources of uncertainty, 
efforts should continue to develop new approaches to further identify, quantify, and 
document the remaining uncertainties." 
 
It should be noted that the methods in NUREG/CR-6850 are not regulatory 
requirements.  NRC participation in that study does not constitute or imply regulatory 
approval of license applications that are based on that methodology, nor does it preclude 
the use of other technically justified approaches.  Indeed, Regulatory Guide 1.205 states 
that "recognizing that merely using the methods explicitly documented in NUREG/CR-
6850 / EPRI 1011989 may result in a conservative assessment of fire risk, licensees 
may choose to perform more detailed plant-specific analyses to provide greater realism 
in the fire PRA model." 
 
Fire Modeling 
 
NFPA 805 allows fire modeling as a part of its performance-based requirements for 
regulatory applications.  Fire modeling is also used in fire PRAs to determine the 
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evolution and consequences of postulated fire scenarios.  NFPA 805 defines a fire 
model as the "mathematical prediction of fire growth, environmental conditions, and 
potential effects on structures, systems, or components based on the conservation 
equations or empirical data."  NFPA 805 requires that "only fire models that are 
acceptable to the authority having jurisdiction [NRC] shall be used in fire modeling 
calculations."  NFPA 805 further requires that the fire models must be verified and 
validated, and the fire models must only be applied within their limitations. 
 
NRC and EPRI sponsored a collaborative project for the verification and validation of 
selected fire models that are commonly used in the nuclear industry.  The National 
Institute of Standards and Technology (NIST) was also an important partner in this 
project.  The results of this collaborative project were published in a seven-volume 
report, "Verification and Validation of Selected Fire Models for Nuclear Power Plant 
Applications," (NUREG-1824 / EPRI 1011999) [16].  The selected models were: 
 

• Fire Dynamics Tools (FDTs), a library of engineering correlations and calculation 
methods developed by the NRC 

• Fire-Induced Vulnerability Evaluation, Revision 1 (FIVE-Rev1), a library of 
engineering correlations and calculation methods developed by EPRI 

• Consolidated Model of Fire Growth and Smoke Transport (CFAST), a fire zone 
model developed by NIST 

• MAGIC, a fire zone model developed by Electricité de France (EdF) 
• Fire Dynamics Simulator (FDS), a computational fluid dynamics model developed 

by NIST 
 
The verification and validation study was based on the methodology described in the 
American Society for Testing and Materials (ASTM) International Standard E 1355 - 05a 
"Standard Guide for Evaluating the Predictive Capability of Deterministic Fire Models" 
[17].  In its October 25, 2006 letter to the NRC Executive Director for Operations on draft 
final NUREG-1824, the ACRS recommended that a "user's guide" to be developed by 
the staff "provide estimates of the ranges of normalized parameters to be expected in 
nuclear plant applications."  The ACRS noted that "these estimates would allow a 
determination of whether risk-significant fires fall within or outside the parameter ranges 
covered by the verification and validation process."  The ACRS recommended that the 
user's guide "also provide probability distributions for the model predictions due to the 
intrinsic model uncertainty, i.e., the uncertainty associated with the model's physical and 
mathematical assumptions."  The ACRS further recommended that "these distributions 
not include the uncertainties in the heat release rate since the latter will be an input 
specified by the user."  The ACRS also commented that "this uncertainty is an important 
input in risk-informed applications." 
 
In a follow-up effort, NRC and EPRI have developed a fire modeling user's guide that 
contains guidelines and recommendations for conducting fire modeling studies in 
support of NFPA 805, fire PRAs, and other nuclear industry applications.  The results of 
this effort are documented in Draft NUREG-1934 / EPRI 1019195, "Nuclear Power Plant 
Fire Modeling Application Guide (NPP FIRE MAG)," issued for comment [18]. 
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Transition Schedule and the Interim Enforcement Discretion Policy 
 
10 CFR 50.48(c) does not mandate a specific schedule for implementing a fire protection 
program that meets the provisions of NFPA 805.  However, the statement of 
considerations for the final rule states that the NFPA 805 license amendment will include 
a license condition imposing the use of NFPA 805, together with an implementation 
schedule.  Licensees should include an implementation schedule with their request to 
adopt a fire protection program based on NFPA 805. 
 
In 2004, the NRC revised its Enforcement Policy [19] to provide interim enforcement 
discretion during a ''transition'' period.  The interim enforcement discretion policy 
includes provisions to address any noncompliances identified during the licensee's 
transition process and existing pre-transition noncompliances.  The discretion period 
would start when the licensee informs the NRC of a transition start date in a Letter of 
Intent to transition to NFPA 805.  The discretion period would remain in effect for up to 
two years for the licensee to submit to the NRC a License Amendment Request (LAR) to 
transition to NFPA 805, and the discretion period would continue until the NRC 
disposition of the request. 
 
Many licensees requested three or more years for the transition period.  The cited bases 
for the extended discretion included the following: 
 

• The need for additional time to properly evaluate existing fire analyses 
• Lack of resources 
• The need for additional time to develop fire PRAs 
• The need for additional time to use lessons learned from the pilot plants 

 
In 2006, the NRC revised the Interim Enforcement Policy to extend the enforcement 
discretion period from two to three years. 
 
In 2007, NEI submitted a request [20] for additional discretion for sites transitioning to 10 
CFR 50.48(c).  NEI stated that further extension of the enforcement discretion period 
would allow an orderly transition process.  NEI stated that transitioning licensees were 
compelled to complete portions of the transition in advance of the pilot plants due to the 
enforcement discretion deadline.  This could create substantial risk of rework and 
inconsistency among the transitioning licensees, without prior benefit from the pilot 
plants' experience.  The following issues formed the basis for NEI's request that the 
NRC reexamine the Interim Enforcement Policy: 
 

• Timing of the pilots' schedule versus the non-pilot plant discretion deadline 
• Delay of the industry fire PRA standard and the NEI peer review guidance 
• Limited availability of fire PRA expertise  
• Burden on NRC staff to conduct timely reviews of concurrent license amendment 

requests 
 
In 2008, the NRC revised the Enforcement Policy to extend, on a case-by-case basis, 
the 3-year enforcement discretion period.  The NRC will grant additional time extensions, 
depending on the progress the licensee has made in the transition effort.  The additional 
period of discretion would end six months after the date of the safety evaluation 
approving the second pilot plant license amendment request. 
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Figure 2.  Timeline for the Number of Sites that have Submitted Letters of Intent to 
Transition to NFPA 805 Fire Protection Programs in Accordance with 

10 CFR 50.48(c) 
 
 
Figure 2 shows the timeline for the number of sites (stations) that have submitted letters 
of intent to transition to NFPA 805 fire protection programs that meet the requirements of 
10 CFR 50.48(c).  As shown in Figure 2, in addition to the two pilot plants, 30 other sites 
(50 nuclear units) have indicated their intent for transitioning to 10 CFR 50.48(c). 
 
In May 2008, Progress Energy submitted a license amendment request for the Shearon 
Harris Nuclear Power Plant (first pilot) to adopt NFPA 805 in accordance with 10 CFR 
50.48(c).  Duke Energy submitted an initial license amendment request for the three-unit 
Oconee Nuclear Station (second pilot) in May 2008.  Duke Energy then submitted a 
revised license amendment request in April 2010.  The NRC issued the final safety 
evaluation for Shearon Harris in June 2010.  The final safety evaluation for Oconee was 
issued in December 2010. 
 
Figure 3 shows the timeline for the number of license amendment requests expected to 
be submitted for review in the next few years.  Based on the December 2010 date of the 
safety evaluation approving the Oconee license amendment, up to 25 license 
amendment requests for 37 additional units are expected to be submitted by the third 
quarter of 2011. 
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4.  INSIGHTS FROM NFPA 805 TRANSITION FOR PILOT PLANTS 
 
 
The NRC recognized the first two licensees that filed a letter of intent to adopt a fire 
protection program based on 10 CFR 50.48(c) as NFPA 805 pilot plants.  Progress 
Energy's single-unit Shearon Harris Nuclear Plant in North Carolina and Duke Energy's 
three-unit Oconee Nuclear Station in South Carolina were granted pilot status.  
Transition activities began in the summer of 2005, and the pilot plants submitted their 
license amendment requests to adopt NFPA 805 in mid-2008. 
 
The NRC monitored the NFPA 805 pilot plant transition efforts with numerous 
observation visits and regulatory audits.  The pilot process was also used to develop 
guidance for both the NRC technical review team and the regional inspectors monitoring 
and approving the transition [21]. 
 
The pilot plant reviews were conducted in parallel with many opportunities for the NRC, 
nuclear industry, members of the public, and other interested stakeholders to provide 
feedback and gain insight into the NFPA 805 transition process via public meetings, fire 
protection workshops, and various fire protection forums. 
 
Frequently Asked Questions (FAQ) Process 
 
In response to a July 2006 request from NEI, the staff established the FAQ process, as 
described in Regulatory Issue Summary 2007-19 [22], to provide clarifications or 
interpretations of existing staff positions beyond what was provided in RG 1.205 and the 
NRC's endorsement of NEI 04-02.  In accordance with the established process, FAQs 
were submitted for initial review by the NEI NFPA 805 Task Force and were then 
presented to the NRC during monthly public meetings.  If resolution was achieved, the 
staff issued a closure memorandum documenting the acceptable resolution of the FAQ 
for licensees transitioning to NFPA 805.  If a consensus resolution of a particular FAQ 
was not reached within a reasonable time frame, the staff would issue a closure 
memorandum describing the staff's position. 
 
The FAQ process proved to be very effective in addressing a variety of questions 
associated with programmatic aspects of NFPA 805 implementation.  However, as a 
number of FAQs related to technical issues in the fire PRA methodology were identified, 
it became evident that it was difficult to develop timely consensus positions regarding 
some of the complex topics associated with specific elements of the guidance in 
NUREG/CR-6850. 
 
In 2009, the Office of Nuclear Reactor Regulation (NRR), in consultation with the Office 
of Nuclear Regulatory Research (RES), developed an approach and timeline to 
eliminate any further delays in addressing the critical FAQs related to NUREG/CR-6850 
and to provide regulatory certainty to licensees transitioning to NFPA 805 [23].  The 
approach included the development of a staff Interim Position for each specific FAQ 
related to NUREG/CR-6850 and RES engagement with EPRI under the existing 
Memorandum of Understanding (MOU) to obtain comments on the Interim Position.  The 
MOU Team (RES and EPRI) could agree or disagree on the proposed Interim Position, 
or concur on additional confirmatory research.  The staff incorporated, as appropriate, 
any recommendations generated through the RES/EPRI review and provided a 
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proposed resolution of the FAQ for industry and other public stakeholder consideration.  
Industry and public stakeholder comments were considered, as appropriate, in finalizing 
the FAQ resolution and issuing the final FAQ closure documentation. 
 
Table 1 provides a summary of the FAQ issues and concerns related to the NUREG/CR-
6850 fire PRA methodology and their current resolution status.  The staff considers all of 
these FAQs resolved and has issued final FAQ closure documents describing its 
positions on these issues.  The interim responses for these fire PRA FAQs are also 
provided in Supplement 1 to NUREG/CR-6850 [24].  As indicated in Table 1, the industry 
considers most of the issues and concerns in these FAQs to be still open or only partially 
resolved.  EPRI has included the long-term resolution of many of these issues as a part 
of its fire PRA Action Plan initiated in late 2009 as a means to clarify and coordinate 
industry activities related to fire PRA methods.  The summaries in Table 1 show that the 
pilot plant license amendment requests used NUREG/CR-6850 as the guidance for their 
fire PRA development, with only a few plant-specific departures based on the interim 
FAQ responses. 
 
NEI has noted that the industry has suspended the issuance of new formal FAQs for 
additional technical topics and fire PRA methodology concerns, due to the protracted 
times for FAQ resolution and continuing disagreements over the interim positions that 
are summarized in Table 1. 
 
License Amendment for the Shearon Harris Nuclear Power Plant, Unit 1 
 
In June 2010, the NRC issued an amendment to the Shearon Harris Nuclear Power 
Plant, Unit 1, operating license regarding adoption of NFPA 805, in accordance with 10 
CFR 50.48(c). 
 
According to the safety evaluation for the Shearon Harris license amendment [25], the 
licensee did not use fire modeling as a performance-based method to demonstrate 
compliance with the NFPA 805 nuclear safety performance criteria.  Rather, the licensee 
used fire modeling only to support development of the fire PRA and fire risk evaluations.  
Fire models were used primarily to develop the zone of influence (ZOI) around specific 
ignition sources in order to determine the threshold at which a target would exceed its 
critical damage temperature or radiant heat flux.  This ZOI approach provided a 
screening tool to identify those fire scenarios that required further analysis.  The applied 
fire modeling tools were either empirical correlations or the CFAST zone models. 
 
The licensee's initial screening was based on the 98th percentile of the fire heat release 
rates (HRRs) proposed in NUREG/CR-6850.  The licensee then further evaluated the 
ignition sources determined to adversely affect the operation of credited SSCs by 
adjusting the applied HRR values.  The adjusted HRRs for a limited number of cabinets 
were based on fire modeling insights.  Transient fire HRRs were also adjusted in plant 
locations with strict administrative controls over transient combustibles.  In addition, the 
75th percentile HRR was used for high energy arcing faults (HEAFs) [25]. 
 
As mentioned before, the licensee used NUREG/CR-6850 as the primary guidance for 
its fire PRA development.  The industry conducted a focused-scope peer review of the 
licensee's fire PRA model.  This review evaluated areas previously identified during a 
pre-submittal audit by the staff as being incomplete, having findings or suggestions, or 
assigned to ASME/ANS PRA Standard Capability Category I.  The industry review
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Table 1: Current Status of the FAQs Related to Fire PRA Methodology  
(NUREG/CR-6850 Supplement 1, EPRI 1019259) 

 

FAQ Issue / Concern Current Status 
Applicability and Use in 
NFPA 805 Pilot Plants 

 
Ignition Source Counting 
Guidance for Electrical 
Cabinets 
(FAQ 06-0016) 
 

 
Need to clarify the guidance on 
counting electrical cabinets and 
panels for NFPA 805 transition 
applications 
 

 
Resolved  (closed) 
Interim response was provided in 
Supplement 1 to NUREG/CR-6850, 
EPRI 1019259.  Will provide more 
consistency when determining 
plant-specific electrical cabinet 
ignition frequencies. 
 

 
Not used in Shearon Harris 
Pilot 
 
Not used in Oconee Pilot 
 

 
Ignition Source Counting 
Guidance for High-Energy 
Arcing Faults (HEAF)  
(FAQ 06-0017) 
 

 
Need to clarify the guidance for 
counting HEAFs associated with 
switchgear and load centers 
 

 
Resolved  (closed) 
Interim response was provided in 
Supplement 1 to NUREG/CR-6850, 
EPRI 1019259. 
 

 
Not used in Shearon Harris 
Pilot 
 
Not used in Oconee Pilot 
 

 
Ignition Source Counting 
Guidance for Main Control 
Board (MCB)  
(FAQ 06-0018) 
 

 
Need to clarify the guidance on 
counting main control boards 
 

 
Resolved  (closed) 
Interim response was provided in 
Supplement 1 to NUREG/CR-6850, 
EPRI 1019259. 
 

 
Not used in Shearon Harris 
Pilot 
 
Not used in Oconee Pilot 
 

 



16 

Table 1: Current Status of the FAQs Related to Fire PRA Methodology  
(NUREG/CR-6850 Supplement 1, EPRI 1019259), Continued 

 

FAQ Issue / Concern Current Status 
Applicability and Use in 
NFPA 805 Pilot Plants 

 
Miscellaneous Fire Ignition 
Frequency Binning Issues 
(FAQ 07-0031) 
 

 
Need to clarify guidance for 
counting miscellaneous ignition 
source bins (Pumps, 
Transformers, and Ventilation 
Subsystems 
 

 
Resolved  (closed) 
Interim response was provided in 
Supplement 1 to NUREG/CR-6850, 
EPRI 1019259.  New criteria for 
eliminating certain sources from 
counting based on size and 
function were established. 
 

 
Not used in Shearon Harris 
Pilot 
 
Not used in Oconee Pilot 
 

 
Bus Duct Counting 
Guidance for HEAF  
(FAQ 07-0035) 
 

 
Need to clarify the treatment (both 
frequencies and damage zones of 
influence) of HEAFs specific to 
bus duct failures. 
 

 
Partially resolved according to 
Industry 
 
Interim response was provided in 
Supplement 1 to NUREG/CR-6850, 
EPRI 1019259. 
 
Industry considers the guidance for 
zone of influence to be 
conservative. 
 

 
Interim position used in 
Shearon Harris Pilot 
 
Not used in Oconee Pilot 
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Table 1: Current Status of the FAQs Related to Fire PRA Methodology  
(NUREG/CR-6850 Supplement 1, EPRI 1019259), Continued 

 

FAQ Issue / Concern Current Status 
Applicability and Use in 
NFPA 805 Pilot Plants 

 
Fire Propagation from 
Electrical Cabinets 
(FAQ 08-0042) 
 

 
Need to clarify the guidance for 
addressing the propagation of an 
electrical cabinet fire beyond the 
cabinet.  Need to clarify those 
characteristics of cabinets needed 
to prevent propagation of a fire. 
 

 
Open according to Industry  
 
Interim response was provided in 
Supplement 1 to NUREG/CR-6850, 
EPRI 1019259.  
 
Industry considers the heat release 
rates (HRRs) for different cabinet 
configurations unresolved.  
 
Industry is also concerned that the 
likelihood of propagation outside 
the cabinet was not pursued to fully 
resolve the screening question. 
 

 
Interim position used in 
Shearon Harris Pilot 
 
Not used in Oconee Pilot 
 

 
Location of the Fire within 
an Electrical Cabinet 
(FAQ 08-0043) 
 

 
Need to clarify guidance on proper 
placement of a fire source inside 
an electrical cabinet when 
performing fire modeling. 
 

 
Partially resolved according to 
Industry 
 
Interim response was provided in 
Supplement 1 to NUREG/CR-6850, 
EPRI 1019259. 
 
Industry believes that there is a 
need to address configurations 
where no propagation occurs. 
 

 
Not used in Shearon Harris 
Pilot 
 
Not used in Oconee Pilot 
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Table 1: Current Status of the FAQs Related to Fire PRA Methodology  
(NUREG/CR-6850 Supplement 1, EPRI 1019259), Continued 

 

FAQ Issue / Concern Current Status 
Applicability and Use in 
NFPA 805 Pilot Plants 

 
Main Feedwater (MFW) 
Pump Oil Spill Fires 
(FAQ 08-0044) 
 

 
Need to clarify the guidance on 
ignition frequency and severity 
factor (in terms of oil spill size). 
 
Given the large quantity of oil 
found in a typical MFW pump, 
even assignment of the "small fire" 
severity level (i.e., 10% of the oil) 
leads to postulation of a fire that is 
actually very severe. 
 

 
Partially resolved according to 
Industry 
 
Interim response was provided in 
Supplement 1 to NUREG/CR-6850, 
EPRI 1019259. 
 
Industry believes that the original 
question dealt with all pump oil fires 
and regards only the MFW pump 
oil spill fire question as resolved. 
 

 
Not used in Shearon Harris 
Pilot 
 
Not used in Oconee Pilot 
 

 
Incipient Fire Detection 
Systems 
(FAQ 08-0046) 
 

 
Need to provide guidance on how 
to treat / credit a "very early 
warning smoke detection system" 
(sometimes referred to as an 
"incipient fire detection system"). 
 

 
Partially resolved according to 
Industry 
 
Interim response was provided in 
Supplement 1 to NUREG/CR-6850, 
EPRI 1019259. 
 
Industry concerns that the 
proposed models are difficult to 
apply for configurations outside the 
one explicitly described in the 
interim resolution. 
 

 
The approach employed in 
the Shearon Harris Pilot is 
different than the interim 
response.  Sensitivity 
analysis demonstrated that 
the differences would not 
significantly change the 
resulting risk calculations. 
 
Not used in Oconee Pilot 
 

 



19 

Table 1: Current Status of the FAQs Related to Fire PRA Methodology  
(NUREG/CR-6850 Supplement 1, EPRI 1019259), Continued 

 

FAQ Issue / Concern Current Status 
Applicability and Use in 
NFPA 805 Pilot Plants 

 
Spurious Operation 
Probability 
(FAQ 08-0047) 
 

 
Need to provide more clear 
guidance on the determination of 
circuit failure probabilities 
(spurious operation probabilities) 
for components with multiple 
cables within a fire area. 
 

 
Open according to Industry  
 
Interim response was provided in 
Supplement 1 to NUREG/CR-6850, 
EPRI 1019259.  
 
Industry regards the behavior of hot 
shorts as unresolved. 
 
Joint NRC/Industry panel is 
reviewing AC and DC fire test data 
for long-term resolution. 
 

 
Interim response was used 
in Shearon Harris Pilot 
 
Not used in Oconee Pilot 
 

 
Fire Ignition Frequency 
(FAQ 08-0048) 
 

 
Need to update fire ignition 
frequencies using additional fire 
event data developed by industry. 
 
There appears to be a change in 
the operating experience and data 
trends after 1990. 
 

 
Open according to Industry  
 
Interim position was provided in 
Supplement 1 to NUREG/CR-6850, 
EPRI 1019259. 
 
Industry is concerned that the 
interim position does not allow 
plants to use the newer data pool if 
the change in frequency (from total 
to new pool) would be significant, 
eliminating any benefit from using 
the newer pool. 
 

 
Not used in Shearon Harris 
Pilot 
 
Interim position used in 
Oconee Pilot 
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Table 1: Current Status of the FAQs Related to Fire PRA Methodology  
(NUREG/CR-6850 Supplement 1, EPRI 1019259), Continued 

 

FAQ Issue / Concern Current Status 
Applicability and Use in 
NFPA 805 Pilot Plants 

 
Cable Tray Fire Propagation 
(FAQ 08-0049) 
 

 
Need to clarify guidance for cable 
tray to cable tray fire propagation. 
 

 
Open according to Industry 
 
Interim response was provided in 
Supplement 1 to NUREG/CR-6850, 
EPRI 1019259. 
 
Industry is concerned that the 
interim response provides guidance 
for only two configurations, leaving 
all other configurations unresolved. 
 

 
Not used in Shearon Harris 
Pilot 
 
Not used in Oconee Pilot 
 

 
Manual Non-Suppression 
Probability 
(FAQ 08-0050) 
 

 
Need to update guidance for the 
treatment of manual suppression 
and the fire brigade response 
(timing for fire brigade response 
and the effect on non-suppression 
probability). 
 

 
Partially resolved according to 
Industry  
 
Interim response was provided in 
Supplement 1 to NUREG/CR-6850, 
EPRI 1019259. 
 
Industry considers the non-
suppression curves used in the 
interim response to be 
conservative. 
 

 
Not used in Shearon Harris 
Pilot 
 
Not used in Oconee Pilot 
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Table 1: Current Status of the FAQs Related to Fire PRA Methodology  
(NUREG/CR-6850 Supplement 1, EPRI 1019259), Continued 

 

FAQ Issue / Concern Current Status 
Applicability and Use in 
NFPA 805 Pilot Plants 

 
Hot Short Duration 
(FAQ 08-0051) 
 

 
Need to provide guidance for the 
probabilistic treatment of the 
duration of hot shorts and 
spurious actuations in AC circuits 
and the conditions under which 
this duration is to be applied. 
 

 
Partially resolved according to 
Industry  
 
Interim response was provided in 
Supplement 1 to NUREG/CR-6850, 
EPRI 1019259. 
 
Industry is concerned that DC 
circuits are not addressed. 
 
Joint NRC/Industry panel is 
reviewing the AC and DC fire test 
data for long-term resolution. 
 

 
Not used in Shearon Harris 
Pilot 
 
Not used in Oconee Pilot 
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Table 1: Current Status of the FAQs Related to Fire PRA Methodology  
(NUREG/CR-6850 Supplement 1, EPRI 1019259), Continued 

 

FAQ Issue / Concern Current Status 
Applicability and Use in 
NFPA 805 Pilot Plants 

 
Transient Fires – Growth 
Rates and Control Room 
Non-suppression 
(FAQ 08-0052) 
 

 
Need to clarify and update the 
guidance on the treatment of 
transient fires in terms of both 
manual suppression and time-
dependent fire growth modeling 
(which suppression curve to apply 
to transient fires in the Control 
Room and trash can / trash bag 
transient fires). 
 

 
Partially resolved according to 
Industry 
 
Interim response was provided in 
Supplement 1 to NUREG/CR-6850, 
EPRI 1019259. 
 
Industry is concerned that the 
interim response did not address a 
discrepancy between the types and 
quantities of combustibles modeled 
and the operating experience for 
transient fires. 
 
Industry is also concerned that 
there is a need to develop a more 
accurate HRR for transient fires. 
 

 
Interim response was used 
in Shearon Harris Pilot 
 
Not used in Oconee Pilot 
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generated a number of additional findings and suggestions, which the licensee then 
dispositioned [25].  In addition, since Shearon Harris was an industry pilot, and because 
a full-scope industry peer review of its fire PRA was not performed, the staff reviewed 
many aspects of the fire PRA model in detail.  As a result of its review, the staff 
concluded that the Shearon Harris fire PRA meets the ASME/ANS PRA Standard at the 
capability categories stated by the licensee [25]. 
 
The licensee reported the core damage frequency (CDF) for internal events and fires 
after transition to NFPA 805 to be 5.3X10-6 and 3.06X10-5 events per year, respectively  
The corresponding results for large early release frequency (LERF) were reported to be 
1.51X10-6 and 3.48X10-6 event per year.  The licensee did not perform any uncertainty 
analysis.  According to the safety evaluation, the staff concluded that "most assumptions 
are demonstrated to be conservative, thereby ensuring that the existing risk analyses 
reasonably bound any uncertainty." 
 
License Amendment for the Oconee Nuclear Station 
 
On December 29, 2010, the NRC issued an amendment to the Oconee Nuclear Station, 
Units 1, 2 and, 3, operating licenses regarding adoption of NFPA 805, in accordance 
with 10 CFR 50.48(c). 
 
According to the safety evaluation for the Oconee license amendment [26], the licensee 
used fire modeling only to support development of the fire PRA and fire risk evaluations.  
Similar to Shearon Harris, fire models were applied primarily to develop the ZOI around 
specific ignition sources in order to determine the threshold at which a target would 
exceed its critical damage temperature or radiant heat flux.  This ZOI approach provided 
a screening tool to identify those fire scenarios that required further analysis.  The fire 
modeling tools were limited to the use of empirical correlations.  No additional detailed 
fire modeling, such as the use of fire zone models, was performed.  Conservative ZOIs 
for each type of ignition source were developed by assuming that the maximum HRR 
develops at time zero and persists for up to 60 minutes [26].  The ZOI extended 
vertically to the ceiling in many scenarios.  In developing these ZOIs, the licensee 
assumed that its armored cables were of limited combustibility and thus did not include 
an HRR contribution from ignition and combustion of adjacent cables.  As documented in 
the safety evaluation, the licensee stated that since the armored cable polyvinyl chloride 
(PVC) coating will not sustain fire propagation along the armored cables for a significant 
distance, any horizontal propagation along cables is adequately captured within the 
target set of each fire scenario. 
 
Screening approaches were also developed to identify the potential for the formation of a 
stratified hot gas layer (HGL) in the compartments or fire areas being analyzed.  If it was 
determined that HGL formation was possible, the time to HGL formation was estimated 
and compared to the time required for fire brigade response.  The licensee has 
committed to install detectors in certain areas to support the HGL timing assumptions.  
However, due to the assumed limited combustibility of armored cables, the licensee did 
not include a contribution to the HGL formation from burning cable material.  The staff 
raised a concern that this would lengthen the time for HGL formation and could result in 
subsequent screening out of some target sets in fire compartments where potential HGL 
formation is an issue.  As documented in the safety evaluation, although Oconee 
Nuclear Station has few "enclosed" compartments where HGL formation would be a 
concern, the staff found insufficient justification for limiting the combustibility of the 
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armored cables and not accounting for the explicit contribution of their potential 
combustion to the ZOI or HGL development.  However, in its response to the staff's 
request for additional information, the licensee reported that using these assumptions 
would result in minimum HGL formation times of at least 33 minutes, compared to an 
expected fire brigade response time of no more than 20 minutes based on observed fire 
drills.  The staff concluded that including the contribution from armored cable combustion 
was "not likely to expand the ZOI or accelerate the HGL formation to precede the fire 
brigade response to the extent that the substantive estimated fire risk decrease 
associated with the proposed transition to NFPA 805 will become a risk increase" [26]. 
 
The licensee further evaluated ignition sources determined to adversely affect the 
operation of credited SSCs.  According to the safety evaluation, the licensee adjusted 
the HRR values for a limited number of ignition source types (e.g., cabinets), based on 
fire modeling insights [26].  For all transient fire HRRs, the 75th percentile HRR proposed 
in NUREG/CR-6850 was used.  As indicated in the safety evaluation, lubricants were the 
only combustible fluids that required evaluation in the fire PRA. 
 
The licensee used NUREG/CR-6850 as the primary guidance for its fire PRA model 
development.  According to the safety evaluation, the fire PRA was initially developed for 
Unit 3.  A second model for Unit 2 was derived from the Unit 3 model.  The licensee 
reported that a comparative analysis of the ignition frequencies and consequential 
failures for comparable fire compartments in Unit 1 and Unit 2 was performed.  For the 
limited number of cases where the Unit 2 results were not considered to be bounding for 
Unit 1, the licensee adjusted the Unit 2 model to yield results that would be applicable to 
Unit 1.  The staff concluded that that the licensee has evaluated the impact of unit-
specific differences and that the results are sufficiently unit-specific to support the LAR 
[26]. 
 
Because an industry peer review of the Oconee Nuclear Station fire PRA had not been 
performed, the NRC staff conducted a review of the licensee's fire PRA model to 
determine its technical adequacy.  The staff concluded that the "fire PRA has sufficient 
technical adequacy that the results can be relied upon to support the determination that 
the transition to NFPA-805 will result in a decrease in risk" [26].  It should be noted that 
Oconee has a license condition which will not allow the licensee to utilize the NFPA 805 
plant change process to make self-approved risk-informed changes to its fire protection 
program until it has completed a peer review of its fire PRA.  This is unlike the situation 
at Shearon Harris, where the licensee had completed a focused-scope peer review of its 
fire PRA prior to the issuance of its license amendment. 
 
The licensee reported the CDF for fires after completion of the protected service water 
modification to be 5.99x10-5, 5.99x10-5, and 6.08x10-5 event per year for Units 1, 2, and 3 
respectively.  The corresponding results for LERF were reported to be 4.24x10-6, 
4.24x10-6 and 1.53x10-6 event per year.  It should be noted that the licensee did not 
perform a complete uncertainty analysis.  Uncertainties were addressed by a series of 
sensitivity calculations. However, in its safety evaluation, the staff concluded that "it is 
unlikely that a completed uncertainty and sensitivity analysis will cause the estimated 
risk decrease to become a risk increase." 
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5.  ISSUES FOR TRANSITION TO NFPA 805 
FIRE PROTECTION PROGRAM 

 
 
This section summarizes our observations regarding the technical topics and other 
issues that currently seem to have the most important influences on the fire analyses, 
PRA models, and the overall transition to the NFPA 805 fire protection framework. 
 
These observations are derived only from the materials that we have reviewed and 
discussed during our subcommittee meetings, supplemented by the consultant's report 
in Appendix A.  Although the Shearon Harris and Oconee fire analyses have been 
submitted to the staff as part of the license amendment requests for those pilot plants, 
we did not examine technical details of those PRA models or the supporting fire 
analyses as part of our fact-finding efforts. 
 
It is clear that the risk from internal fires depends very strongly on plant-specific design 
features and physical configurations that vary significantly, even among units that are 
otherwise very similar from nuclear, mechanical, electrical, and civil engineering design 
perspectives.  Therefore, of necessity, each PRA model for internal fire events must be 
developed specifically to account for the particular plant's unique features that affect fire 
ignition, detection, growth, suppression, and potential damage to risk-significant SSCs. 
 
Current state-of-the-practice fire analyses are developed in a hierarchical manner.  The 
initial analysis efforts and models typically contain substantial conservative assumptions 
and simplifications.  This process is very useful to efficiently identify plant locations, 
hazards, and SSC configurations that have the largest potential contribution to the 
overall fire risk.  The evaluation process then systematically applies more refined 
models, data, and supporting analyses to reduce known sources of conservatism and 
develop more realistic estimates of the actual risk in each key location. 
 
At some point in this successive refinement process, it is inevitable that decisions are 
made to terminate the analysis efforts and to retain the quantified risk results.  There are 
myriad factors that affect this decision, including considerations of relative contributions 
to overall risk, available resources, and expected risk reduction benefits from further 
refinements to the models, data, and analyses.  Therefore, the decision about when to 
terminate a succession of analysis refinements for a particular plant location is also a 
very plant-specific and analysis-specific conclusion. 
 
This general background information about the evolution of a fire PRA is summarized 
here to provide a context and a precaution for the observations that follow.  Since we 
have not examined either of the pilot plant PRAs and their supporting fire analyses, we 
cannot independently ascertain the level of refinement that has been applied to those 
particular studies, or how the refinements have been applied on a plant-level and 
location-specific basis.  Therefore, we cannot judge the absolute or relative amount of 
residual conservatism that may be retained in the current PRA results, the specific 
sources for that conservatism, or how the respective analysis refinements may influence 
the overall estimated fire risk or the relative risk from specific hazards, locations, and 
configurations.  Of course, although the analytical methods and guidance are designed 
to avoid it, we also cannot judge whether any of the analyses may contain inadvertent 
sources of optimism. 
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Simply put, each PRA model for internal fires and its supporting analyses are very plant-
specific.  Key issues and decisions that are very important for the analyses at one plant 
may be much less important for another plant.  Thus, although our observations are 
presented in a general sense, they should be considered in the context of this 
introductory discussion.  We have not had the benefit from our own examinations of any 
plant-specific PRA models or fire analyses to temper or to enhance our summaries of 
the following issues. 
 
Pilot Plant Process 
 
A systematic and comprehensive evaluation of the risk from internal fires involves 
perhaps the most complex analyses and difficult challenges in a full-scope PRA.  It is not 
a simple adaptation of previously developed models for the risk from internal initiating 
events.  The experience from completion of one or more pilot applications is essential for 
PRA practitioners, industry reviewers, and NRC staff to fully understand the 
computational intricacies, modeling techniques, and potential pitfalls that can affect the 
technical quality of the analyses and the level of effort that is required to perform a 
creditable full-scope study. 
 
The Shearon Harris and Oconee pilot plant license amendment requests contain the first 
fully integrated plant-level PRA models for internal fire events that have been developed 
according to current state-of-the-practice methods, data, and analysis guidance.  
Elements of specific analysis methods and tools were evaluated on a limited basis 
during the development of NUREG/CR-6850 and its supporting studies.  However, 
experience has shown that isolated proof-of-concept demonstration studies for specific 
technical topics often have limited value for the practical identification and resolution of 
difficult issues that inevitably arise when diverse analysis elements are integrated during 
a comprehensive evaluation of an actual nuclear power plant. 
 
Shearon Harris and Oconee fully endorse their analyses and the processes by which 
they were developed.  The cited experience from those studies is consistent with the first 
full-scope applications of a complex technology.  As with any pilot process, it is expected 
that completion of those studies should identify needed further refinements to key 
elements of the methods, models, and data after the analysts have had an opportunity to 
compile their experience and insights.  A continuing challenge for future applicants is to 
most efficiently learn from the Shearon Harris and Oconee experience, to avoid 
repetition of identified problems, and to understand how plant-specific solutions in those 
pilot studies can be adapted to similar situations at other facilities.  This process requires 
time and effective communications among PRA practitioners who may be otherwise 
constrained by organizational allegiances, in-progress applications of previously 
developed methods, or varying levels of practical experience.  It should also be noted 
that both pilot plants chose to restrict their use of fire models to empirical correlations 
and the limited use of a zone model.  Such tradeoffs between simplicity and additional 
realism are decisions that must be made by analysts based on the intended application. 
 
The Shearon Harris and Oconee license amendment safety evaluations indicate that the 
staff is willing to accept analytical departures from the methods and parametric values 
that are cited in NUREG/CR-6850, provided that the evaluations are justified by 
appropriate plant-specific models, data, and supporting analyses.  The staff's reviews 
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and their requests for supporting justification have been applied consistently with other 
licensing submittals that propose departures from published regulatory guidance. 
 
The staff's conclusions from the Shearon Harris and Oconee reviews indicate that 
somewhat different determinations of technical adequacy may apply for the level of 
detail and analytical refinements in PRA models that are submitted to support the 
licensing basis transition to the NFPA 805 framework, compared with applications of 
those PRA models for post-transition risk-informed decisions.  The staff has explained 
that the level of analysis refinement that is required to demonstrate reasonable 
assurance of continued plant safety under the new licensing framework may retain some 
elements of analytical simplification and resulting numerical conservatism.  However, 
further refinements or additional modeling details may be necessary to justify the 
technical bases for focused risk-informed changes to specific elements of the fire 
protection program.  This is especially true for licensee self-approved changes that do 
not require previous staff review and approval, and are based on a conclusion that the 
overall risk impact from the proposed change is minimal. 
 
Results from Fire PRAs in Progress 
 
The industry summarized the results from seven fire PRAs that were characterized as 
relatively "mature" in terms of their completeness and analysis refinements.  The studies 
were performed for different plant designs and were supported by at least two different 
consulting organizations.  Some of the plants had already decided to implement specific 
fire risk mitigation features, which were included in the PRA analyses and results.  Our 
consultant also briefly highlighted interim results from in-progress studies at other plants. 
 
The results indicate that the overall fire risk is typically dominated by a relatively small 
set of plant locations, hazards, and fire damage issues.  The number of key scenarios 
and their degree of predominance depends to some extent on the plant-specific models 
and the relative efforts that have been applied to refine the analyses for individual 
contributors and locations.  Electrical cabinet fires are the most important contributors for 
all of the summarized plants.  In the context of these analyses, "electrical cabinets" 
encompass a broad spectrum of cabinet types and voltages that include low voltage 
instrumentation and control cabinets, AC and DC power distribution panels, low voltage 
AC and DC buses, motor control centers, and medium voltage switchgear with voltages 
up to 13.8 kV.  The most important consequences from these contributors are typically 
caused by fires that ignite inside a cabinet, grow sufficiently large to propagate outside 
the enclosure, and damage electrical cables in nearby external trays before they are 
extinguished. 
 
The summarized PRA results indicate that a small number of other fire ignition sources 
are typically "visible" contributors to the overall plant risk, at the next level below the 
predominant cabinet fires.  However, the specific types of this next tier of fire 
contributors vary from plant to plant.  At a level below the second tier of contributors, the 
summarized results typically indicate that there are no apparent potentially important 
individual hazards or specific fire issues.  At that level, the fire risk profile becomes 
relatively "flat", with effectively equal contributions from a large number of fire hazards, 
locations, and fire damage scenarios. 
 
The general issue of electrical cabinet fires is discussed separately in a later section.  
Except for that issue, the plant-specific nature of potential fire vulnerabilities and the 
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specialized nature of the corresponding PRA analyses do not readily support generic 
solutions that may apply to a broad spectrum of plants.  For example, the analyses and 
results depend very strongly on the plant-specific physical configuration of fire 
compartments, geometric distribution of fire hazards within each compartment, relative 
locations of fire hazards and potentially risk-significant damage targets, installed fire 
detection and suppression systems, redundancy and diversity of available equipment to 
mitigate the consequences from the fire damage, etc. 
 
One relatively consistent conclusion from these studies is that the overall core damage 
frequencies (CDFs) from internal plant fires are much higher than was generally 
anticipated, based on the results from IPEEE studies and other analyses that were 
performed in the late 1980s and early 1990s.  The industry appears to attribute much of 
this difference to excessive conservatism in the fire PRA methodology.  However, this 
outcome is not inconsistent with the experience from full-scope fire analyses that have 
been performed at some U.S. plants and several fire PRA studies that have been 
completed internationally during the last two decades.  Acknowledgement, acceptance, 
and understanding of the reasons for this perceived disparity are important from a plant-
specific PRA model development perspective.  Without these insights, plant owners and 
PRA practitioners have a natural conviction that applications of successively more 
detailed analysis refinements should eventually confirm previously held expectations 
regarding the overall level of fire risk and its specific contributors.  Thus, the numerical 
results from these initial studies represent a valuable reorientation and learning process.  
That process may alter the expectations of future applicants regarding the practically 
achievable degree of confidence in a precise estimate of the actual fire risk for a 
particular plant, and the effort that is required to further refine those risk estimates. 
 
Conservatism in Current Fire PRAs 
 
The industry has often cited excessive conservatism in the fire PRAs as justification for 
the need to delay the transition to the NFPA 805 licensing framework, pending the 
results from research efforts to develop more realistic methods, models, and data.  
Numerical conservatism and "skewed" fire risk profiles are also cited as limiting the 
usefulness of the PRAs for post-transition risk-informed applications and decisions. 
 
In a very general sense, one can consider three potential sources of conservatism that 
may affect the models, analyses, and results for a particular plant-specific PRA. 
 
• Conservatism imposed by arbitrary unilateral decisions and inflexible guidance 
• Analysts' choices regarding the applied degree of PRA refinements 
• Maturity of current state-of-the-practice fire analysis methods and data 
 
An exceptional process of open technical exchange and cooperation among the NRC 
staff, industry experts, and public stakeholders resulted in the publication of NUREG/CR-
6850, EPRI 1011989 [4], as a consensus document that describes the best available 
guidance for the current state-of-the-practice in fire risk assessment.  That cooperative 
process has continued with subsequent joint publications on guidance for the use of fire 
models [16, 18] and refinements to focused issues that have been implemented through 
FAQ resolutions [24].  The experience from the Shearon Harris and Oconee pilot plant 
reviews has also confirmed that the NRC staff will accept analytical departures from the 
methods and parametric values that are cited in NUREG/CR-6850, provided that the 
evaluations are justified by appropriate plant-specific models, data, and supporting 
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analyses.  These observations indicate that there is no basis to conclude that significant 
sources of conservatism have resulted from arbitrary unilateral decisions or inflexible 
technical guidance. 
 
As noted previously, practitioners must inevitably make active decisions regarding the 
degree of analytical refinements that are applied in a particular PRA and the 
corresponding amount of residual conservatism that is retained in the models and 
results.  This decision process is not unique to the evaluation of fires.  However, it is 
exacerbated by the hierarchical nature of the fire analyses and the large numbers of 
potential hazards and damage scenarios that typically comprise a comprehensive fire 
risk assessment.  In practice, analysts often terminate the refinement process at a level 
that is deemed adequate for a particular purpose or application.  Different degrees of 
refinement are also typically implemented for specific hazards, locations, SSC 
configurations, and damage scenarios, with most emphasis being applied to those 
issues that "dominate" the plant-specific risk.  In that process, "non-dominant" scenarios 
typically retain larger amounts of conservatism than the most important analyzed risk 
contributors.  These choices are not a fundamental limitation of the available analytical 
tools, methods, guidance, or data.  They are dictated primarily by the number and 
complexity of potential plant-specific vulnerabilities, the experience and skills of the 
analysts, and resource constraints.  Although they may be very important to the 
decisions for a particular study, these issues are not a fundamental impediment to the 
development of technically sound assessments of the fire risk or an understanding of the 
contributors to that risk, including known analytical simplifications and sources of 
retained conservatism. 
 
It is often noted that current state-of-the-practice fire analysis methods are "immature."  
The fundamental methods for performing nuclear power plant fire analyses and 
integrating those analyses into a PRA model were developed in the early 1980s.  The 
methods that are described in the NUREG/CR-6850 guidance are derived from those 
fundamental concepts.  Therefore, contentions that the basic fire analysis concepts and 
methods are "immature" are an over-simplification.  The guidance in NUREG/CR-6850 
consolidates advancements in fire analysis methods and knowledge that have evolved 
over the last 25 years.  In some cases, those advancements are rather substantial.  
Examples include: 
 
• Advancements in evaluating the frequency and consequences from fire-induced 

spurious actuations ("hot shorts") 
• Explicit treatment of high energy arcing faults 
• Explicit treatment of fires involving transient combustibles 
• Explicit treatment of personnel-caused fires 
• Improved methods for allocating fire ignition frequencies among plant-specific 

compartments 
• Improved methods and models for evaluating fire detection and suppression 
• Improved models for fire damage zones of influence and hot gas layer development 
 
Prior to the start of the Shearon Harris and Oconee pilot plant studies and the current 
NFPA 805 transitions at other plants, there was an extremely limited number of PRA 
analysts with practical experience in the application of fire analysis methods in a fully 
integrated PRA.  Thus, although the methods that are summarized in NUREG/CR-6850 
represent the consensus state-of-the-practice, the actual experience base for practical 
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application of those methods was very "immature" when then the pilot studies began.  
General PRA methods, and the fire analysis methods in particular, implement 
successive refinements to the models, analyses, and data as initial sources of 
conservatism and uncertainty are systematically reexamined for the most important 
contributors to risk.  Experience from many years of internal event analyses has shown 
that lack of analyst experience with efficient applications of the available methods and 
lack of appreciation for the required level of effort to refine the PRA models can often 
result in retained numerical conservatism.  It is expected that the lessons learned from 
the pilot plant studies and the ongoing analyses for other plants will enhance the general 
PRA practitioner experience base and reduce this potential source of conservatism in 
future PRA submittals. 
 
As a final observation on the general topic of numerical conservatism, it is important to 
distinguish between numerical effects that may be caused by a systematic bias in the 
available parametric estimates, and numerical effects that may be caused by large 
uncertainties in those estimates.  Figure 4 illustrates these concepts. 
 
The upper part of Figure 4 shows an example of systematic bias.  In this case, 
Distribution 1 and Distribution 2 have the same inherent uncertainties.  However, 
Distribution 2 is systematically biased toward higher failure rates, compared with 
Distribution 1.  The median failure rate from Distribution 1 is 5.0x10-4 and the mean 
failure rate is 6.3x10-4.  The median failure rate from Distribution 2 is 5.0x10-3 and the 
mean failure rate is 6.3x10-3.  If an analyst inappropriately uses Distribution 2 to 
characterize a parameter, when the "true" current state of knowledge about that 
parameter should be represented by Distribution 1, it is clear that the systematic bias in 
Distribution 2 is a source of numerical conservatism. 
 
The lower part of Figure 4 shows an example of different degrees of uncertainty.  As in 
the upper part of the figure, Distribution 1 represents the "true" current state of 
knowledge about the parameter.  However, in this case, it is apparent that Distribution 1 
has much larger inherent uncertainties than are indicated in the upper part of the figure.  
The median failure rate from Distribution 1 is 5.0x10-4 (the same as Distribution 1 in the 
upper part of the figure) and its mean failure rate is 6.3x10-3 (the same as Distribution 2 
in the upper part of the figure).  In this case, if a parameter is characterized by 
Distribution 1, and that distribution represents the best available current state of 
knowledge about the parameter, then it is likely that compilation of more data, test 
results, or operating experience will reduce the uncertainty in that knowledge.  The large 
difference between the median and mean estimates in Distribution 1 also indicates that it 
is likely that the "best estimate" (i.e., mean value) for the parameter would then be 
reduced.  This process is shown by the transition to Updated Distribution 1, which 
accounts for the improved knowledge and the correspondingly smaller uncertainties.  
However, in practice, a substantial amount of additional information and experience may 
be needed to achieve that significant reduction.  Because Distribution 1 accurately 
accounts for the current best available information and the inherent uncertainties in that 
information, the mean value of that distribution is not necessarily a "conservative" 
estimate.  It is the current "best estimate", considering the available state of knowledge. 
 
It is important to keep these concepts in mind when considering discussions about 
relative conservatism in the fire PRA analyses and results.  In many cases, critics imply 
that numerical conservatism is caused by systematic biases in the input parametric 
values, as in the upper part of Figure 4.  However, many of the fire ignition frequencies 
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Figure 4.  Systematic Bias and Different Degrees of Uncertainty 
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and key parametric values in NUREG/CR-6850 have rather large uncertainties, similar to 
Distribution 1 in the lower part of Figure 4.  In those cases, it is likely that compilation of 
additional data, performance of additional tests, and refinements in the evaluations of 
available estimates could reduce those uncertainties, with possible reductions in the 
mean numerical estimates.  However, to the extent that the assigned uncertainties 
accurately account for the currently available data and the experts' understanding of that 
data, the numerical estimates are not "conservative" in the same sense as a systematic 
bias in the parametric values. 
 
Insights from Industry Operating Experience 
 
There is rather compelling evidence that the results from the seven "mature" fire PRAs 
that were summarized for our subcommittee investigations are numerically conservative, 
compared with documented industry operating experience.  As noted previously, we did 
not have an opportunity to independently examine any of those PRA models or 
supporting analyses to understand their inherent assumptions or to determine the extent 
of their applied refinements. 
 
It is not meaningful to compare estimates for the overall fire risk (e.g., CDF or LERF) 
with industry operating experience or anecdotal expectations.  However, the industry 
presented estimates for the frequency of "damaging fires" that may be compared with 
events that are routinely reported and evaluated as part of the NRC reactor oversight 
process.  The "damaging fires" account for fire ignition and growth to a size that is 
sufficient to damage nearby equipment or electrical cables before the fire is 
extinguished.  The range of estimated frequencies for these damaging fires among the 
seven summarized plants indicates that the industry should be experiencing comparable 
fire damage at a rate that appears inconsistent with available historical data.  This 
supports the assertion that compound effects from the applied fire event frequencies, fire 
severities, non-suppression probabilities, and conditional fire damage probabilities 
produce overall estimates for the frequency of potentially risk-significant fire damage that 
are not consistent with actual industry operating experience. 
 
There is substantial disagreement among the various stakeholders regarding the 
numerical magnitude of this conservatism and its possible sources.  We noted instances 
of unsubstantiated overstatements from both sides of the discussion.  As noted in the 
discussion of the pilot plant applications, it is also likely that these analysts made 
conscious decisions to selectively use simplified conservative approaches rather than 
more detailed fire models.  The industry, however, argues that much of the conservatism 
is in the data that are used to describe the fire ignition frequencies and heat release 
rates. 
 
Overall conservatism in the numerical results from a particular fire PRA is not 
necessarily a detriment to the analyses that are submitted in support of the transition to 
the NFPA 805 licensing framework.  Excessive conservatism could significantly skew the 
baseline fire PRA results and obscure an understanding of the most risk-significant 
contributors.  However, in practice, it is not likely that a PRA which is submitted in 
support of a license amendment request would contain substantially unbalanced sources 
of conservatism.  Experienced PRA practitioners and fire analysts typically identify these 
types of issues during the early phases of a study and develop focused refinements that 
remove most sources of extreme conservatism.  Thus, it seems very likely that licensing 
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submittals will contain relatively balanced risk profiles that are not disproportionately 
dominated by a small number of residual sources of extreme conservatism. 
 
Overall conservatism in the numerical results from a fire PRA can present subtle 
challenges when the new baseline PRA is used to evaluate proposed changes to a 
plant's fire protection program after transition to the risk-informed licensing framework.  
In accordance with current regulatory guidance, both the absolute magnitude of the 
estimated risk and the relative change in that risk are considered to justify a proposed 
modification.  Depending on the nature of the proposal and the plant-specific analyses, 
some sources of conservatism may unduly accentuate the relative risk increase from the 
modification.  In some cases, conservatisms in one part of a PRA model may also 
optimistically mask the effects from other potential risk contributors.  However, these 
cited concerns can apply generally to a variety of conceivable risk-informed analyses, 
and they are not necessarily unique to PRA models for fires.  Analysts who are familiar 
with the plant-specific PRA models and are experienced with their use can typically 
identify important sources of conservatism and appropriately characterize their numerical 
effects on the overall conclusions for a particular application. 
 
Fire Ignition Frequencies 
 
The industry has cited the generic fire ignition frequencies that are published in 
NUREG/CR-6850 as a major source of numerical conservatism.  The industry has 
initiated a substantial effort to update the fire events database with more recent 
operating experience and to re-examine the detailed supporting information for each 
documented fire [27].  In addition to improved data for the frequencies of each fire event 
category, it is expected that this effort will also provide improved information about the 
relative fire severities, extent of damage, and effectiveness of automatic and manual fire 
suppression. 
 
We fully endorse the use of relevant industry operating experience to the maximum 
extent possible to support all facets of a plant-specific PRA.  The supplemental operating 
experience will provide improved understanding of documented fires that have occurred 
during the last 10 to 20 years.  The project will also provide a consistent reporting format 
and technical bases for the collection and evaluation of fires during future database 
updates.  These are key elements that have been lacking from previous databases, 
including the fire event data that were used in NUREG/CR-6850. 
 
Despite the cited benefits, there are substantial reasons for caution regarding the 
expectations from this augmented data assessment.  The quantified data uncertainties in 
NUREG/CR-6850 account for plant-to-plant variability in the available operating 
experience.  For the most part, with the exception of fires that involve transient 
combustibles and personnel causes, the published uncertainties are not very large.  For 
many database categories, the uncertainties account for a relatively large number of 
plants that have never experienced that particular cause for a fire.  In these cases, 
addition of up to 10 more years of experience at each plant is not expected to 
significantly affect the overall uncertainty or the computed mean fire frequency.  Some 
database categories contain relatively larger numbers of fire events.  In these cases, the 
numerical effects from 10 additional years of data may be more significant.  It is very 
important that the updated database should consistently account for plant-to-plant 
variability in the available operating experience as a distinct contribution to the 
underlying uncertainties in the frequency for each fire event category.  Inappropriate 
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restriction of the data to include only a subset of the most recent operating experience 
will affect the computed uncertainties and the corresponding mean frequencies. 
 
Some significant simplifications and approximations in NUREG/CR-6850 will not be 
addressed during the near-term industry database updates.  In particular, "plant-level" 
fire frequencies will be retained, rather than "component-level" frequencies.  This 
approach is pragmatically reasonable, considering the lack of information about the 
actual population of each type of component at each operating reactor.  However, the 
resulting allocation of fire frequencies can introduce a source of numerical conservatism 
for plants that contain relatively small numbers of specific components, and it can 
introduce a source of numerical optimism for plants that contain a relatively large 
complement of equipment. 
 
The near-term database updates will also retain a single generic category of "electrical 
cabinet" fires.  This decision maintains consistency for in-progress analyses that are 
based on the fire event category definitions in NUREG/CR-6850.  The general issue of 
electrical cabinet fires is discussed separately in a later section. 
 
The near-term database updates may have limited usefulness for the estimation of 
conditional probabilities for fire severities and growth times.  The cognizant analysts 
indicated that this type of information will be compiled only for fire events that have 
occurred since 2000.  The operating experience data for "small" fires prior to 2000 is 
incomplete, and it cannot be readily extracted from available records.  If the overall 
industry operating experience since 2000 contains a relatively small number of fires, that 
experience may be too sparse to derive meaningful quantitative estimates for the 
conditional probabilities of various fire intensities. 
 
The operating experience data in NUREG/CR-6850 were screened according to the 
assessed severity of each fire event.  The authors of NUREG/CR-6850 have noted that 
the corresponding parametric estimates for fire growth rates, peak heat release rates, 
detection, and suppression times account for this screening process.  Therefore, the 
applied criteria for screening fire events in the augmented database cannot be modified 
in isolation.  If different criteria are applied for the new data, or if the existing criteria are 
interpreted differently by the data analysts, there is a danger that some parametric 
values that are used in the fire growth, detection, suppression, and consequential 
damage analyses may be inconsistent with the characteristics of the fires that determine 
the ignition frequencies.  Thus, these evaluations cannot be performed independently. 
 
Electrical Cabinet Fires 
 
Electrical cabinet fires were identified as the most important contributors to the overall 
fire risk at the seven plants that were summarized for our subcommittee investigations.  
This finding is also consistent with the experience from other full-scope fire PRAs in the 
U.S. and internationally.  The most important consequences from these contributors are 
typically caused by fires that ignite inside a cabinet, grow sufficiently large to propagate 
outside the enclosure, and damage electrical cables in nearby external trays before they 
are extinguished.  Of next importance are fires that ignite in one cabinet and are of 
sufficient severity to damage equipment or cables in adjacent cabinets.  Fires that are 
confined to a single cabinet are typically not very significant contributors to overall risk. 
 
Six issues affect the risk from these fires: 
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• Proximity of risk-significant cables to the ignition cabinet 
• Frequency of cabinet fire ignition 
• Time for the fire to grow to a particular severity 
• Maximum severity of the cabinet fire if it is not extinguished 
• Time for fire detection and suppression 
• Conditional probability of external equipment or cable damage 

 
The proximity of risk-significant cables to a particular cabinet depends on the plant-
specific cable routing.  Substantial effort may be required to confirm this key element of 
the risk assessment.  This is especially true for the routing of instrumentation and control 
signal cables in older plants for which detailed cable routing records may not be readily 
available.  However, this information can have the most important effect on the 
quantified risk from fires in a particular cabinet, because spatial separations of only a few 
feet can significantly affect the conditional probabilities of fire damage. 
 
The availability of timely fire detection and suppression also depends on the plant-
specific design.  The specific types and locations of fire detectors affect the timeliness of 
alarms after fire ignition.  It was also noted during our investigations that many plants do 
not have installed automatic fire suppression systems in locations that contain 
instrumentation and control cabinets or electrical switchgear.  In these instances, manual 
fire suppression activities require additional time for initial response from operations 
personnel or mobilization of the plant fire brigade. 
 
The remaining issues require an integrated analysis of fire ignition, growth, detection and 
suppression, and consequential damage.  Based on the material that we reviewed, it is 
apparent that typical applications of the current state-of-the-practice data, methods, 
models, and parametric estimates provide numerical results that generally overestimate 
the frequency of cabinet fires that are severe enough to cause external damage before 
they are extinguished.  However, due to the broad applications of these parameters, it is 
also possible that current analyses may underestimate the risk from some plant-specific 
configurations of specific types of cabinets and cable routing geometries. 
 
This brief overview does not attempt to provide a complete discussion of the complex 
interactions among the technical issues that affect cabinet fire analyses.  The following 
paragraphs summarize only our most important observations. 
 
In the context of NUREG/CR-6850 and the industry's near-term augmented fire event 
data collection project, all "electrical cabinets" are assigned to a single fire event 
category2.  That category encompasses a broad spectrum of cabinet types and voltages 
that include low voltage instrumentation and control cabinets, AC and DC power 
distribution panels, low voltage AC and DC buses, motor control centers, and medium 
voltage switchgear with voltages up to 13.8 kV.  The industry fire event experience data 
are pooled for all of these cabinet types, and a single composite fire ignition frequency 
applies to the entire group.  This simplification is very important for the integrated 
analysis of fires in these cabinets, because it is not possible to distinguish separate 
frequencies for fires that ignite in cabinets that typically have very different combustible 

                                                
2 An exception to this general treatment applies to fires that are caused by high energy 
arcing faults.  That separate fire category applies only to medium voltage switchgear. 
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loadings and different energy contents to ignite a fire and support its growth.  The pooled 
data for a single "electrical cabinet" fire ignition frequency, without regard to the specific 
cabinet characteristics, is a fundamental weakness of the current fire event frequency 
database. 
 
Analyses of the consequential damage from a cabinet fire use the developed peak heat 
release rate (HRR) profile as a fundamental parameter.  This is true for simplified 
analyses that use only the guidance and tabulated values in NUREG/CR-6850, and it is 
true for more sophisticated fire growth models that use fuel loadings and HRR profiles as 
their input parameters.  The HRR profile specifies the amount of energy that is released 
from a fire as a function of time during its growth phase.  The HRR determines the 
estimated temperature for externally exposed equipment or cables.  The rate at which 
the fire grows to a particular damaging exposure temperature determines the amount of 
time that is available for detection and automatic or manual suppression. 
 
The tabulated peak HRRs and the cabinet fire growth rates in NUREG/CR-6850 are 
derived from very limited test data.  For the most part, these parametric data were 
compiled from cabinet fire tests that were not designed to realistically measure the fire 
severity as a function of time from fire ignition to the peak developed HRR for a variety of 
typical power plant cabinet types, configurations, and ignition sources.  Subsequent 
research efforts have been focused primarily on the development of more sophisticated 
computational fire growth models.  However, the available pool of relevant test data 
remains extremely limited.  No near-term cabinet fire testing programs have been 
proposed by the industry [27] or the staff to supplement these data. 
 
As noted previously, the same tabulated HRRs and fire growth times in NUREG/CR-
6850 are applied for all cabinet types in the single encompassing "electrical cabinet" fire 
ignition category.  The parametric tabulations assign rather large uncertainties for the 
cabinet fire HRRs, which are justified by the sparse test data.  The 98th percentile 
confidence values for the peak HRRs are typically used in screening analyses that 
determine which plant-specific cabinets and configurations require more detailed 
examination.  The cognizant PRA practitioners indicated that the mean HRR values are 
typically used in more refined analyses.  However, we could not clearly confirm how this 
is accomplished in practice, or the extent to which current analyses explicitly account for 
the uncertainties in these estimates. 
 
Anecdotal examples from industry operating experience and examinations of the 
available cabinet fire test data indicate that the tabulated peak HRRs and the times to 
achieve those fire severities are quite conservative for many types of actual cabinets and 
configurations.  Despite the large assigned uncertainties, uniform application of these 
parametric estimates to all "electrical cabinet" fires is a fundamental weakness in the 
analyses for post-ignition fire growth, detection and suppression, and consequential 
damage. 
 
Multiple Spurious Operations 
 
A somewhat surprising observation is that the evaluations of multiple spurious 
operations (or "hot shorts") were not identified as a significant impediment in the PRA 
analyses to support transition to the NFPA 805 licensing framework.  This does not 
mean that the effects from possible fire-induced multiple spurious operations are 
insignificant.  The cited PRA experience indicates that multiple spurious operations often 
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account for rather significant contributions to the plant-specific fire risk.  Cognizant PRA 
analysts explained that substantial effort is required to examine plant-specific cable 
routing data and details of instrumentation and control circuits, and to identify the 
locations and hazard configurations that may be susceptible to this type of damage.  
However, it was noted that current guidance for fire protection programs that are based 
on deterministic criteria also requires similar evaluations.  Therefore, the most intensive 
technical examinations and resources for these evaluations are required as a common 
basis for both deterministic and risk-informed fire protection programs, and they do not 
depend uniquely on the implementation of a risk-informed framework.   The additional 
effort to evaluate the identified impacts from multiple spurious operations within a fully 
developed fire PRA model is typically relatively small, compared with other tasks in the 
risk analysis. 
 
Use of Fire Models 
 
In the context of this discussion, the term "fire models" applies specifically to the five fire 
modeling tools that are evaluated in NUREG-1824 [16].  These tools can be used to 
evaluate the post-ignition dynamics of fire growth, severity, and propagation, and to 
supplement the general guidance and parametric values in NUREG/CR-6850. 
 
The cited experience indicates that there is rather limited use of these fire models in 
most in-progress PRA studies.  The applicability of some models is often limited by a 
lack of detailed information regarding the spatial orientations and characteristics of 
specific ignition sources; amounts and configurations of combustible materials; and other 
required properties of the relevant cabinets, equipment, cables, and enclosing 
compartments.  In many cases, required input parametric values are not readily 
available from other sources and must be derived from tabulations in NUREG/CR-6850 
(e.g., electrical cabinet HRR profiles).  Since these uncertain input parametric values 
strongly influence the fire model results, some analysts do not believe that that the effort 
that is required to apply more sophisticated modeling tools is justified by the potential 
numerical risk benefits. 
 
The cited PRA experience indicates that some of the simpler engineering empirical 
correlations (e.g., from the NRC Fire Dynamics Tools [FDTs] and the EPRI Fire-Induced 
Vulnerability Evaluation [FIVE-Revision 1]) are used to support the analyses for specific, 
well-documented geometries.  Multi-zone fire models (e.g., the NIST Consolidated 
Model of Fire Growth and Smoke Transport [CFAST]) are used less extensively.  
Detailed computational fluid dynamics models have been developed for some very 
specific electrical cabinet configurations.  However, it is not clear from the cited 
experience whether those models have been used to directly support any of the in-
progress PRA studies.  The cognizant practitioners did not identify the use or limitations 
of fire modeling tools as a significant issue in the development of the PRA models or 
analyses. 
 
Treatment of Uncertainty 
 
Uncertainties were not quantified or propagated through the PRA models for the 
Shearon Harris and Oconee pilot plant license submittals.  The cognizant PRA analysts 
also indicated that uncertainties have not been quantified for any of the relatively 
"mature" PRAs that were cited during our subcommittee meetings.  The analysts 
indicated that limitations in the software that has been used to develop these models 
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preclude formal quantification and propagation of uncertainties.  This assertion is quite 
surprising for any software that is currently being used for PRA model development and 
applications, especially with regard to the integrated quantification of at least parametric 
uncertainties.  However, we did not have an opportunity to further examine the specific 
technical reasons for this fundamental deficiency.  The EPRI Fire Research Plan 
contains a task to update the Fire Model Users Guide to address propagation of 
modeling uncertainty [27], although it is assigned low priority. 
 
The PRA analysts indicated that mean values from the respective uncertainty 
distributions in NUREG/CR-6850 are typically used during more detailed model 
refinements after the initial screening analyses are performed.  However, those analyses 
do not convolve the respective uncertainty distributions (e.g., for fire ignition frequencies, 
growth times, peak heat release rates, and suppression times) to develop a quantitative 
estimate of the overall uncertainty and its most important contributors.  Thus, although 
the uncertainties in the fire analysis results are typically characterized as "very large", 
those assertions are based primarily on qualitative judgments.  The current fire PRA 
studies do not provide integrated quantitative measures of the uncertainties and their 
contributors, as is routinely done for analyses of the risk from other initiating events.  
Lack of consistently quantified information about the actual uncertainties can affect the 
overall understanding of absolute and comparative risks, and it can affect the nature and 
quality of decisions regarding the implementation of proposed risk mitigation measures. 
 
Adherence to NUREG/CR-6850 
 
The Shearon Harris and Oconee pilot plant studies and all of the PRAs that were cited 
during our subcommittee meetings and in our consultant's interviews use NUREG/CR-
6850 as the fundamental guidance document for methods, modeling techniques, and 
data. 
 
It was noted that some analysts are reluctant to depart from a very strict interpretation of 
the guidance in NUREG/CR-6850 or any of its tabulated numerical values.  Some 
analysts have selectively applied refinements from the published FAQ resolutions [24], 
while others have actively avoided any deviations from the original information in 
NUREG/CR-6850.  Those analysts cited concerns about NRC staff reluctance to accept 
any departures from NUREG/CR-6850 and the effort that is required to justify those 
departures.  Those concerns do not seem to be substantiated by the staff's reviews and 
approvals of the Shearon Harris and Oconee pilot plant analyses.  The staff has 
accepted departures from specific guidance and numerical values in NUREG/CR-6850, 
provided that adequate plant-specific justification is available to support the analyses.  
The staff's requests for additional information regarding the supporting analyses seem to 
be consistent with similar evaluations of departures from other regulatory guidance. 
 
There are anecdotal assertions that some in-progress studies may be applying 
substantially different interpretations of the methods and data in NUREG/CR-6850 
without clear supporting analytical bases.  There is no evidence of these types of 
substantial departures in the two pilot plant submittals, and we could neither positively 
confirm nor refute these anecdotal claims during our investigations.  General 
consistency in the applied analysis methods and data provides confidence that the 
identified sources of fire risk are derived from plant-specific issues and do not depend on 
significant analyst-to-analyst variations in basic modeling techniques or assumptions. 
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The industry noted that a senior technical oversight and review group has been formed 
recently to evaluate substantial departures from the NUREG/CR-6850 methods, 
numerical values, and guidance that are identified during peer reviews.  That group will 
evaluate these departures, determine whether the applied methods or data are 
adequately justified, and develop any needed consistent generic analytical guidance.  
The oversight group has not yet had significant input to the in-progress PRA studies.  
Therefore, it is not possible for us to determine whether any substantial systematic 
analytical deviations exist in those studies, or whether those deviations might be 
retained in future licensing submittals. 
 
Peer Reviews 
 
The industry and staff agree that comprehensive and consistently conducted peer 
reviews are very important to provide assurance of the fire PRA technical quality.  The 
staff did not have the benefit of previously conducted full-scope peer reviews prior to 
their evaluations of the Shearon Harris and Oconee pilot plant submittals.  Therefore, the 
staff applied additional effort to independently examine the scope and technical quality of 
those studies. 
 
Anecdotal experience indicates that industry peer reviews have suffered from 
inconsistencies in both scope and technical quality.  Preliminary reviews of some in-
progress studies identified a relatively small number of deficiencies, while follow-up 
reviews of the same studies performed by a different review team at a more mature 
stage of the model development identified significantly more deficiencies.  This example 
indicates that the depth, technical quality, and effectiveness of the peer reviews depend 
very strongly on the qualifications and experience of the specific review team members.  
Of course, this general observation is not unique to reviews of fire PRA models and 
analyses.  However, it is relevant for the in-progress studies because the number of 
acknowledged experts who are fully qualified to perform these reviews is extremely 
limited. 
 
The industry has made efforts to better coordinate technical consistency among the peer 
reviews, and there is anecdotal evidence that the initial variability is being reduced.  
However, timely scheduling of the reviews remains a problem.  These scheduling issues 
are exacerbated by the limited number of qualified reviewers and the fact that the most 
effective reviews cannot be performed until the models and analyses are relatively 
"mature".  Review findings and identified deficiencies must then be resolved and 
confirmed in a follow-up review before the study is considered "final". 
 
Required Level of Effort 
 
We do not normally comment on the resources or level of effort that is required to 
perform a particular technical analysis.  However, these issues have often been cited as 
significant impediments to the transition to the NFPA 805 licensing framework.  
Therefore, they are broadly included in our charter for this report. 
 
As noted previously, a systematic and comprehensive evaluation of the risk from internal 
fires involves perhaps the most complex analyses and difficult challenges in a full-scope 
PRA.  It is not a simple adaptation of previously developed models for the risk from 
internal initiating events.   There is anecdotal evidence that analysts with limited 
experience in the performance of these types of full-scope fire analyses or with 
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experience only from simplified IPEEE studies may have set initially inappropriate 
expectations regarding the required level of effort or the expected "numerical risk return" 
for the investment of specific analysis resources.  The pilot plant studies and the in-
progress analyses have provided a significant learning experience and a reorientation 
regarding the acknowledged resource requirements. 
 
The resources that have been expended to perform the pilot plant studies and the first 
set of in-progress analyses are also not surprising, considering the complexity of the 
models and analyses.  This is especially true for plants that contain multiple potentially 
risk-significant compartments and large numbers of specific hazard and target 
geometries within those compartments.  Despite the availability of subject matter experts 
in individual technical disciplines (e.g., PRA event tree and fault tree modeling, electrical 
circuit analysis, modeling of fire dynamics, etc.), the experience base of PRA 
practitioners who have performed these types of fully integrated analyses was extremely 
limited when the current studies were started.  Without the technical guidance and 
coordination from experienced risk assessment professionals, it is natural that the initial 
analysis efforts will contain inefficiencies and elements of on-the-job training.  These 
sources of time expenditures and costs should reduce as the number and qualifications 
of experienced practitioners improve. 
 
The preceding observations indicate that some of the cited resource requirements are 
attributable to an industry learning curve for the performance of full-scope integrated fire 
risk analyses.  While that is almost certainly true, it is also true that much of the resource 
requirements for a particular fire PRA are dictated by plant-specific issues and required 
technical analyses.  It should also be noted that substantial resources are required for 
tasks that are not uniquely associated with the development of fire PRA models or their 
supporting analyses.  For example, walkdowns to document the locations and 
configurations of fire hazards, detection and suppression systems, and safety-significant 
SSCs; confirmation of plant-specific cable routing information; and some level of 
electrical circuit analyses are required to comply with both deterministic and probabilistic 
assessments of fire-induced circuit failures and multiple spurious operations.  In this 
context, the resource requirements and costs that have been experienced to date during 
the NFPA 805 transitions do not seem significantly out of line with the combined costs 
for supporting analyses and extensive hardware modifications that may be required for 
full compliance with deterministically based fire protection programs.  Of course, many of 
those "deterministic" costs have been distributed over time as plants have successively 
modified and improved their existing fire protection programs or applied interim 
compensatory measures.  The cited analysis efforts and resource requirements also do 
not seem out of line with expectations that one would associate with the fundamental 
transition to a quantitative framework and discipline in a technology that has historically 
relied most heavily on engineering experience, industrial loss prevention guidance, and 
qualitative judgment. 
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6.  SUMMARY AND CONCLUSIONS 
 
 
Adequacy of Guidance in NUREG/CR-6850 
 
The methods and guidance in NUREG/CR-6850 [4], supplemented by the clarifications 
and enhancements in the closed FAQs [24], provide a sound technical basis for the 
development of fire PRA models and analyses to support the transition to a risk-informed 
licensing framework in accordance with NFPA 805 and 10 CFR 50.48(c). 
 
Consistent application of the recommended methods provides confidence that the 
identified sources of fire risk are derived from plant-specific features and do not depend 
on significant analyst-to-analyst variations in basic modeling techniques or assumptions.  
However, it is expected that focused departures from the guidance will be necessary to 
address some plant-specific issues.  These departures should be justified by technical 
evaluations that are of comparable scope and quality to analyses that are typically 
performed to support departures from other licensing regulatory guidance. 
 
The PRA reports should appropriately differentiate between simplified modeling 
techniques and recommended bounding values that are applied during early screening 
analyses, but are retained in the final results, and best estimate models and values that 
are applied in more refined analyses. 
 
The industry should expedite active participation of the senior technical review and 
oversight group to facilitate consistent interpretation and application of focused modeling 
techniques or methods that have generic applicability to multiple plants. 
 
The staff should facilitate efficient reviews of departures from the guidance in 
NUREG/CR-6850 and communicate interim technical positions for issues that may have 
generic applicability. 
 
Sequential Licensing Submittals 
 
The staff should consider establishment of a mutually-agreed-upon firm schedule for 
sequential submittals of license amendment requests for transition to the NFPA 805 risk-
informed framework. 
 
The experience from a very successful similar process for plant license renewal 
applications has clearly demonstrated the technical benefits and mutual understanding 
that derive from each successive application and review.  Specific staff technical 
concerns are clarified and documented once, avoiding inefficient parallel requests for 
duplicate information.  The technical quality and consistency of subsequent license 
submittals benefit substantially from this experience, as the industry shares its 
understanding of the key generic issues and their resolution.  Successive staff reviews 
focus more closely on plant-specific issues and problems, rather than common generic 
concerns. 
 
A sequential submittal process also facilitates effective pre-submittal performance of 
consistent high quality industry peer reviews, with adequate time for analysts to 
implement the necessary PRA model refinements. 
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The industry has had substantial time to address several key generic concerns during 
the pilot plant analyses and the FAQ resolution process.  Additional generic experience 
and insights are available from the Shearon Harris and Oconee license amendment 
reviews.  It is likely that the most "mature" in-progress PRA models and analyses will 
require relatively minor adjustments to assure consistency with the technical scope and 
quality of the approved pilot plant submittals.  Therefore, the first submittals under a 
sequential process may not be delayed substantially from the current schedule.  Less 
"mature" analyses may require more substantial refinements.  However, very protracted 
submittal extensions do not seem warranted, considering the time and effort that has 
already been spent to develop and refine the in-progress analyses. 
 
NEI has proposed an initial staggered submittal schedule with the first license 
amendment requests planned for late June 2011 and subsequent submittals extended 
through June 20123 [28].  We have not examined the detailed bases for the requested 
plant-specific extensions.  However, the proposal seems reasonable, based on our 
understanding of the key technical and practical issues.  Further submittal extensions 
beyond June 2012 do not seem warranted by the industry's cited concerns or the need 
for additional research results.  Any further extensions should be granted only if the staff 
and the licensee fully concur on a plant-specific justification. 
 
Quantification of Uncertainty 
 
Uncertainties should be fully quantified and propagated through the fire PRA models 
according to current state-of-the-practice methods and guidance. 
 
Quantification and documentation of the uncertainties and their contributors will provide 
improved understanding of the currently perceived degree of numerical conservatism in 
the overall fire risk results and its sources.  Consistent quantification of the uncertainties 
will also afford better understanding of the relative risk contributions from various fire 
hazards, locations, and scenarios, and comparisons of the relative risks from fires and 
other initiating events. 
 
Treatment of Post-Transition Risk-Informed Applications 
 
Experience from the Shearon Harris and Oconee license amendment reviews indicates 
that retention of conservative simplifications and assumptions in the baseline PRA 
models and analyses may support a staff determination of assurance that overall plant 
safety will be maintained under the NFPA 805 risk-informed licensing framework.  
However, known sources of conservatism or large uncertainties may affect the quality of 
post-transition decisions regarding proposed plant modifications that are informed by 
comparisons of absolute and relative changes in the baseline risk profile.  This is 
especially true for licensee self-approved changes that do not require previous staff 
review and approval, and are based on a conclusion that the overall risk impact from the 
proposed change is minimal. 
 
Elements of methods, modeling techniques, and data for the analyses of internal 
initiating events continue to evolve, nearly 30 years after performance of the first full-

                                                
3 Some licensees have specified later submittal dates in their NFPA 805 transition 
committal letters, which are not affected by this proposed initial schedule. 
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scope plant-specific PRAs.  It is likely that a similar evolution of fire analysis methods 
and data will continue through short-, intermediate-, and long-term research programs 
over the next several years.  However, the often-cited concerns regarding additional 
needed research should not preclude use of the fire PRA models for rational decision 
making. 
 
The quantified risks from fires and internal events should be combined to develop an 
overall plant risk profile and a consistent enumeration of the contributors to that risk.  
Evaluations of proposed modifications to plant hardware or programs should 
appropriately characterize the quantified changes in risk, including the effects and 
sources of uncertainties, known conservatism, and possible optimism.  Comparisons of 
the changes to the risk from fires, the risk from internal initiating events, and the overall 
plant risk should be made to provide a balanced perspective of these contributions.  
Staff reviews and applications of regulatory guidance should account for these 
comparative assessments in the context of each plant-specific PRA model and the 
proposed risk-informed decision. 
 
Updates to Fire Events Database 
 
The updated fire events database should consistently account for plant-to-plant 
variability in the available operating experience as a distinct contribution to the 
underlying uncertainties in the frequency for each fire event category.  Inappropriate 
restriction of the data to include only a subset of the most recent operating experience 
will affect the computed uncertainties and the corresponding mean frequencies. 
 
The operating experience data in NUREG/CR-6850 were screened according to the 
assessed severity of each fire event.  The corresponding parametric estimates for fire 
growth rates, peak heat release rates, detection, and suppression times account for 
those screening criteria.  Therefore, the applied criteria for screening fire events in the 
augmented database cannot be modified in isolation.  If different criteria are applied for 
the new data, or if the existing criteria are interpreted differently by the data analysts, 
there is a danger that some parametric values that are used in the fire growth, detection, 
suppression, and consequential damage analyses may be inconsistent with the 
characteristics of the fires that determine the ignition frequencies.  Thus, the fire event 
screening evaluations should not be performed independently. 
 
Efforts should be expedited to develop data for "component-level" fire ignition 
frequencies, rather than the currently applied "plant-level" frequencies. 
 
Refinement of Electrical Cabinet Fire Analyses 
 
Caution is warranted regarding expectations that in-progress efforts to enhance the 
industry fire events database will result in significant reductions in the quantified risk 
from electrical cabinet fires.  Those efforts will certainly improve the overall experience 
base and understanding of these fires, and they should continue to completion.  
However, other initiatives and research should address this technical issue in a more 
integrated manner. 
 
The general category of "electrical cabinets" in NUREG/CR-6850 should be subdivided 
into functional subgroups that can consistently account for fire ignition frequencies, 
potential fire severities, typical characteristics of plant locations, and potential risk 
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consequences.  For example, possible subgroups might contain switchgear and load 
centers, motor control centers, DC buses, AC and DC power distribution panels, 
protection and control signal cabinets, etc.  Results and engineering insights from the 
completed pilot plant studies and in-progress PRAs should be used to guide the 
definitions of these groups. 
 
Intermediate- and long-term efforts to compile fire ignition frequency data, test programs 
to measure rates of fire growth and peak heat release rates, and refinements to fire 
dynamics models should be coordinated to consistently address analysis issues within 
the context of these functional groups. 
 
Research Programs 
 
The staff and industry should continue current initiatives for collaboration and 
coordination of intermediate- and long-term research.  These initiatives have effectively 
applied limited resources to investigate several difficult issues, and they have generally 
avoided inefficient duplication of effort.  Research priorities should be established by the 
demonstrated needs to support specific refinements to PRA methods, models, and data 
that have the most potential benefit to the largest number of plants. 
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1.0 INTRODUCTION AND SCOPE 
 
 
The Fire Protection rule, 10 CFR 50.48 (Reference 1), allows the use of risk-informed 
and performance-based requirements of NFPA-8051 (Reference 2) to meet the 
regulation.  NFPA-805, in turn, allows the use of Fire Probabilistic Risk Assessment (Fire 
PRA) to establish the need for additional protection features.  Two pilot cases were 
initiated at Shearon Harris Nuclear Power Plant and Oconee Nuclear Station to 
demonstrate the process.  Shearon Harris effort is complete and has been approved by 
the NRC.  Oconee submittal is currently being reviewed and is expected to be completed 
by mid-2011.  According to Reference 3, from that time (i.e., Oconee’s approval), the 
industry will have 6 months to complete their NFPA-805 transition related studies.  
Currently, approximately half of the nuclear power plants have declared their intent to 
transition to NFPA-805.   
 
NUREG/CR-68502 (Reference 4) is the most recent document describing a Fire PRA 
methodology and provides some of the key data (e.g., ignition frequencies and heat 
release rates) needed to conduct a Fire PRA.  There have been several industry and 
NRC discussion forums where issues related to the transition process and use of current 
Fire PRA methods and data have been discussed.  Concerns have been raised about 
the limitations in current state-of-the-art Fire PRA methodology and data that lead the 
user to inappropriate conclusions.  Other issues have also been raised that may also be 
impeding or discouraging the transition process.  
 
The Advisory Committee of Reactor Safeguards (ACRS) has hired Kazarians & 
Associates, Inc. to obtain information about the issues related to the use of Fire PRA in 
NFPA 805 transition.  This report summarizes the information obtained from various 
sources regarding the technical issues and other considerations.   
 
It is important to note that almost all the discussions presented in this report are 
qualitative.  They are based solely on verbal information obtained from interviews and 
author’s interpretation.  No attempt was made to gather complete or statistically viable 
information about a topic.  
 
 
 
 

 
 
                                                
1 NFPA 805 is approved by NRC for incorporation by reference in the fire protection regulation (Reference 
1) with exceptions which are also listed in Reference 1. 
2 NUREG/CR-6850 is amended via the answers to a set of Frequently Asked Questions (FAQs) and 
References 5 and 6, which include the issues addressed in some of the FAQs. In this document where 
NUREG/CR-6850 is mentioned, it represents the ensemble of the original report published in 2005 and 
subsequent completed FAQs as presented in References 5 and 6. 
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2.0 INFORMATION GATHERING PROCESS  
 
 
Information gathering process was limited to phone conversations or face-to-face 
meetings with members of the following entities: 

 Nuclear Regulatory Commission 

 Utilities 

 Consultants 

 Other organizations (e.g., Sandia National Laboratory and NIST) 
 
The following topics were generally discussed (as applicable) with each individual: 

 Person’s qualifications in terms of responsibilities related to NFPA 805 transition 
process and Fire PRA, and experience with Fire PRA 

 Current status of the Fire PRA or transition process 

 The results and conclusions of the Fire PRA in general terms (e.g., the key 
contributors to risk) 

 Difficulties in applying NUREG/CR-6850 

 Sources of conservatism in the analysis and their impact on the final results 

 Level of effort needed to establish the needed information and complete the Fire 
PRA 

 Effectiveness of peer review process 

 Any other issues affecting the transition process  
 
In the next section, the various topics that were deemed to be of some significance in 
influencing the transition process are discussed.   
 
 
 
 
3.0 TOPICS INFLUENCING TRANSITION 
 
 
3.1 Core Damage Frequency 
 
Core Damage Frequency (CDF) of Fire PRAs range from mid-10-5 to low 10-4 per reactor 
year.  Some of the plants estimated the CDF assuming that the planned modifications 
are in place and operational.  The CDF for these plants are less than 10-4 per reactor 
year.  Plant modifications include the following: 

 Cable rerouting 

 Cable raceway wrapping 
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 Incipient smoke detectors inside electrical cabinets 

 Additional seal injection source for Reactor Coolant Pumps (RCPs) in 
Pressurized Water Reactors (PWRs)  

 Oil drip pans under pumps 

 Operational and administrative procedures 
 
The number of fire scenarios quantified to estimate the CDF is on the order of one 
thousand.  In most cases, a few major contributors (on the order of 10 scenarios) 
provide the majority of the CDF and the balance of the CDF comes from a very large 
number of scenarios with small CDFs.   
 
 
3.2 Significant Risk Contributors 
 
As noted in the previous section, typically a handful of scenarios (on the order of 10 
scenarios) provide the majority of the CDF.  These scenarios typically involve electrical 
cabinets, Main Control Room and places with high concentration of cables.  All other 
significant contributors vary among the plants.  The following notes summarize some of 
the key points regarding significant risk contributors: 

 Risk significant scenarios involving electrical cabinets typically include cables or 
electrical cabinets of the opposite train within the same general area.  Fire 
propagation,  detection and suppression analyses have been used to estimate 
the frequency of fire damage to the opposite train.  The heat release rate (HRR) 
of the electrical cabinets is found to be an important parameter in such 
computations.  Several comments were made about the HRR values provided in 
NUREG/CR-6850.  They are considered to be too conservative and not 
reflecting the reality.  This topic was brought up with sources who have fire 
experimentation experience.  According to them, given the proper conditions, the 
reported peak HRRs are possible.  This observation is consistent with the 
approach taken in NUREG/CR-6850 where the peak HRRs observed in the 
experimentation are taken to be at the upper end of the uncertainty distribution 
(i.e., 75 and 98 percentiles).     

 The Main Control Room is one of the main risk contributors.  In this case, 
several licensees have assigned 1.0 to the conditional probability of core 
damage.  This is certainly a conservative practice because not all control room 
fires would lead to core damage.  It has to be noted that the possibility of 
spurious actuation of components complicates control room fire scenarios that 
affect the effectiveness of the alternate shutdown capability.   

 Places with high concentration of cables are often found to be important risk 
contributors.   

 At some of the plants, a large number of contributors collectively provide an 
important part of the CDF.  In these cases, since the CDF is distributed among a 
large number of contributors, any additional analysis to reduce the conservatism 
in the total CDF was found to require significant resources.  

 In PWRs, generally reactor coolant pump seal failure is an important part of 
dominant risk scenarios.  The time to seal damage is often matched against the 
time that fire brigade takes to bring the fire under control.  Also, often operators 
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can interfere and prevent seal failure.  Therefore, the uncertainties in seal failure 
probability as a function of time have a significant impact on the Fire PRA 
results.     

 
 
3.3 Fire Ignition Frequency 
 
Fire ignition frequencies provided in NUREG/CR-6850 are broken down by plant 
equipment type (e.g., Batteries and Pumps), transient fire events (e.g., Transient Fires 
Caused by Welding and Cutting) and by plant location (e.g., Reactor Building and 
Turbine Building).  For fixed ignition sources, each frequency applies to the entire set of 
same equipment type in one reactor unit. Similarly, the frequencies associated with 
transient combustibles apply to the entire unit as well.  Therefore, the analyst is required 
to prorate the frequencies to estimate the ignition frequencies of the ignition sources 
within each room.  The following comments were noted during the interviews about 
ignition frequencies: 

 The prorating process yields inconsistent results among the plants.  Plants with 
large number of components of one equipment type receives smaller frequency 
per ignition source compared to a plant with small number of components.  

 Stand-by equipment (e.g., stand-by pumps) is assigned the same frequency as 
normally operating equipment.  In one case, a stand-by item was found to be 
important risk contributor. 

 Power level has no impact on the frequency.  A small pump with small quantity of 
oil, operating at close to ambient temperature receives the same frequency as a 
large pump with large quantity of oil and high normal operating temperature.   

 
The last comment may not be sufficiently accurate since the power level may not be an 
important influencing factor for pump fire ignition likelihood.  The heat release rate, 
however, would certainly vary significantly according to the size of the pump.   
 
The above listed issues introduce uncertainty in the application of ignition frequencies 
that are not explicitly modeled.  Depending on the conditions of the plant or equipment 
item they can either lead to conservative or optimistic results.  Except for one isolated 
case of a stand-by pump which was found to be risk significant, none of the interviewees 
provided example cases where the above listed shortcomings of the ignition frequency 
model led to unreasonable conclusions.   
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3.4 Transient Fire Frequency 
 
Transient fire frequency of a specific room or area within a plant is estimated by 
prorating the overall frequency based on a ranking scheme influenced by the level of 
maintenance work, occupancy and storage of combustible materials (transient type) in 
the room.  NUREG/CR-6850 recommends 1, 3, 10 and 50 for these influencing factors.  
Licensees have found the range too narrow to represent the differences among rooms.  
For example, there could be an area within a plant where no maintenance activities take 
place during power operation and it is rarely entered by personnel and never used for 
storage.  Cable shafts and underground cable galleries are examples of such locations.  
The difference in the transient fire frequencies of such rooms and one with high level of 
maintenance, occupancy and storage is no more than a factor of 50 according to 
NUREG/CR-6850.  In fact, for a large number of rooms, the difference would be a factor 
of 10.  This difference was deemed too small given the strict administrative controls 
imposed on those special rooms.  For those cases, there were consultants who elected 
to modify the peek HRR values provided in NUREG/CR-6850 for transients assuming 
that the administrative restrictions would decrease the quantity of combustibles in those 
areas.  This assumption has not been challenged.  One can argue that the 
administrative controls reduce the likelihood of a transient fire ignition but may not 
influence the quantity of combustibles if the event happens. 
 
 
3.5 Human Error Analysis 
 
Human actions are an important part of the internal events PRA.  The same human 
actions are also addressed in the Fire PRA.  Additional human action cases are typically 
identified in a Fire PRA that address: (1) accident sequences not fully modeled in the 
internal events plant response models, (2) recovery of equipment that have failed due to 
circuit failure and (3) operator actions after Main Control Room abandonment.  Operator 
actions are generally found to be an important part of fire risk.   
 
To establish the human error probabilities (HEP), recent Fire PRAs have had the benefit 
of recently published joint EPRI and NRC report on human reliability analysis under fire 
conditions (Reference 7).  Screening values are generally used for HEPs.  This is 
especially the case for the HEP for achieving safe shutdown from the alternate shutdown 
panels after Main Control Room abandonment.  It should be noted that in majority of Fire 
PRAs, the Main Control Room is found to be one of the important risk contributors.   
 
In general, human error probabilities were not mentioned as a source of conservatism in 
the Fire PRA.  However, a few comments were made that Reference 7 has overly 
conservative suggestions.  For example, it recommends to use 1.0 for HEP for those 
situations where the operators must wear a breathing apparatus.  This effectively 
disallows operator action credit for plant areas where personal protective gear should be 
used according to the procedures or conditions of the event.  
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3.6 Multiple Spurious Operations 
 
All licensees are required to conduct a Multiple Spurious Operations (MSO) analysis to 
identify combinations of spurious operations that could potentially be risk significant.  A 
generic set of MSO cases (see Appendix G of Reference 9) is typically used to identify 
the potential scenarios.  The results are then incorporated into the plant response model.   
 
When asked about the impact of the MSOs, typically it was noted that the impact on the 
level of effort was relatively small.  Typically only a handful of additional cables had to be 
analyzed for their routing information.  Regarding the contribution of the MSOs to overall 
fire risk, the response was mixed.  It ranged from minimal impact on risk to an important 
contributor.  In one case, according to preliminary results, the MSOs are a part of 10% of 
the CDF.  In other cases, MSOs were one of the elements of risk dominant scenarios.  
MSOs have led to conditions that require additional operator actions and accident 
scenarios that were not previously considered for the fire scenario.  Also, MSOs may 
lead to scenarios where the effectiveness of the alternate shutdown system is affected.   
In a few cases it was mentioned that the impact of the MSOs was difficult to incorporate.  
One example was noted that the MSO scenario not only caused failures but also 
initiated a safety injection signal that would help the conditions.   
 
 
3.7 Pump Oil Fire 
 
The fire frequency and heat release rate provided in NUREG/CR-6850 for pumps are 
expected to be applicable to all pumps regardless of size.  For small pumps, this is 
deemed to be conservative because they contain small quantity of oil.  This point was 
raised by several analysts, but there are no actual example cases where a small pump 
was found to be a dominant contributor due to proximity to cables or other equipment 
items.   
 
 
3.8 Incipient Fire Detection 
 
Incipient fire detection systems were considered in a few cases as a planned 
modification.  The Fire PRAs were conducted based on the assumption that these 
systems will be installed as planned.  In those cases, the total CDF was found to be 
affected considerably.  In all cases, the detection systems were considered for electrical 
cabinets.  These were cabinets that had cables or electrical cabinets of opposite train 
present within the same room.  The overall damage frequencies estimated for those 
scenarios that took into account fire propagation, detection and suppression led to risk 
results that were not considered as acceptable by the licensees.    
 
 
3.9 Adherence to NUREG/CR-6850 
 
Every licensee that was contacted has used NUREG/CR-6850 (Reference 4) for its Fire 
PRA.  As noted earlier, several parts of Reference 4 has been modified since its 
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publication through the FAQ3 process which are partly included in References 5 and 6.  
The level of adherence to NUREG/CR-6850 varies among the licensees.  At least one 
licensee elected to limit its analysis to the guidance and data provided in NUREG/CR-
6850 as published in 2005, disregarding the FAQs and other modifications.  Most 
licensees have used NUREG/CR-6850 as modified by References 5 and 6 and the 
FAQs and there are cases where analysts elected to deviate from those sources. 
 
The following notes summarize what was learned about the deviations from 
NUREG/CR-6850: 

 For one plant, the contractor conducting the Fire PRA elected to deviate from 
NUREG/CR-6850 in modeling the human reliability, fire in ventilated electrical 
cabinets, fire affecting sensitive electronics and transient combustible fires.  
Probability values associated with transient fire events were revised by reviewing 
the raw data and re-interpreting the events.   

 In another case, the contractor used Fire Dynamics Simulator (FDS) to model fire 
growth within an electrical cabinet.   

 On several occasions it was noted that dominant risk scenarios included 
transient fire events in plant areas that are administratively prohibited to conduct 
maintenance and store any combustibles or flammables, and are seldom visited.  
Given these restrictions, the risk associated with transient fires was deemed to 
be conservative.  As noted in Section 3.4 above, to reduce the level of 
conservatism, the analysts elected to use different values for the heat release 
rates than the values recommended in NUREG/CR-6850.   

 
It must be noted that the peer reviewers of these cases reviewed the modified 
parameters carefully and challenged them accordingly.  Also, the NEI guidance on peer 
review process for Fire PRA (Reference 9) has identified a Fact & Observation (F&O) 
category as “Unreviewed Analysis Method” for those cases that the peer review team 
may feel an industry level review is needed.  This vehicle is being used to verify the 
adequacy of some of the deviations noted in the Fire PRAs. 
 
In one case, the analyst chose to use FDS model to analyze fires within an electrical 
cabinet.  This raises an important point about the use of NUREG/CR-6850 methodology.  
There is an inter-relationship among the various models in NUREG/CR-6850 that must 
be taken into account when adjusting one part of the model.  For example, the ignition 
frequencies were based on “challenging” fires (see Appendix C of NUREG/CR-6850 for 
its definition) which in effect incorporates a level of severity in the initial fire which is not 
explicitly defined.  Fire propagation, detection and suppression models presented in 
NUREG/CR-6850 were intended to take into account this initial severity.  Therefore, 
modeling the initial phases of a fire event to establish the time to fully grown fire inside a 
cabinet may render other elements of NUREG/CR-6850 model (e.g., detection and 
suppression time) as inapplicable. 
 
In another case, as noted above, a consultant elected to go back to the raw data and 
reproduce some of the probabilities of NUREG/CR-6850 based on the consultant’s 
interpretation of the events.  This has serious implication that deserves attention.  The 

                                                
3 Frequently Asked Questions (FAQs) that were put forward by various sources were addressed by a 
combined industry and NRC team.  The completed FAQs can be downloaded from the NRC website. 
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raw fire event data used in developing the various frequencies and probabilities that are 
presented in NUREG/CR-6850 had undergone careful review by several members of the 
writing group and reviewers of the draft version of the document.  That experience 
demonstrated that each event can be interpreted in many different ways.  Therefore, re-
interpreting the raw data at this stage by one entity cannot be defended as unbiased.  
Probability values obtained from such re-interpretations cannot be considered as valid 
without an in-depth industry-level peer review. 
 
The interviews also revealed a notion among some members of the industry that 
NUREG/CR-6850 methodology and data should be followed closely.  For example, 
NUREG/CR-6850 does not specify the decay phase of a fire.  One group concluded that 
NUREG/CR-6850 requires the assumption that fires continue to burn indefinitely at peak 
HRR.  Certainly this does not coincide with the physics and chemistry of a fire event 
because there is always a limited amount of combustibles available for each fire event 
and fires would eventually burn out.  Depending on the amount of available fuel, it is 
quite likely for decay to occur before target damage.  Clearly, such strict interpretation of 
NUREG/CR-6850 can lead to conservative results.   
 
   
3.10 Peer Review Process 
 
The peer review process is an integral part of the use of Fire PRA in NFPA 805 
transition process.  It is a requirement by ASME/ANS Standard on PRA (Reference 10).   
 
Industry has gone through a learning phase in the use of peer review process.  Overall, 
it is the opinion of many that it has matured and it serves its intended purpose.  The 
following comments were noted: 

 The type, number and quality of comments received have varied among the 
teams.  This can be attributed to the learning phase of the peer review process.  
Peer reviews done in the beginning suffered from poorly qualified reviewers.  
This lesson has led to constraints that have manifested as difficulties in 
scheduling qualified reviewers.   

 In at least one case, systemic errors were noted in a contractor’s deviation from 
NUREG/CR-6850 which was challenged by the peer review team.  This in fact 
proves the merits of peer review process. 

 Peer reviews have been done for incomplete Fire PRAs.  In those cases, the 
main reason noted was difficulty rescheduling the peer review because of 
constraints in the availability of qualified reviewers.  Conducting peer review of 
incomplete Fire PRA certainly affects the efficiency of the review process 
requiring an additional review when the study is complete.  Also, it points to the 
limitations that industry faces in terms of availability of qualified persons.   

 
 
3.11 Level of Effort 
 
The level of effort to conduct a Fire PRA was found to be significant.  Over 15,000 
person hours were often needed.  In a few cases, the licensee had to stop the analysis 
because of budget limitations and accept the results as they were (i.e., no further 
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analysis was conducted to reduce the level of conservatism in the analysis).  In those 
cases, hardware modifications were considered to reduce the risk.   
 
Quality of cable (circuit) location information has often been a major factor in the level of 
effort.  The quality is dependent on past efforts in complying with the Appendix R 
(Reference11) requirements and in the method used to catalog the cables.  In most 
cases, the existing cable location information was found to be adequate.  The level of 
effort for locating additional circuits (e.g., MSO and instrumentation related circuits) were 
found to be a small part of the overall effort.  However, there are cases where the 
original cable location data had to be redone completely leading to a major addition to 
the level of effort.  
 
 
3.12 Other Observations 
 
The following are additional observations from the interviews that are relevant to the 
objectives of this study: 

 The Conditional Core Damage Probability (CCDP) by room ranges widely.  In 
most Fire PRAs, a few rooms are concluded to have CCDP greater than 0.1.  
These rooms are generally found to be dominant risk contributors. 

 In circuit failure analysis, it is assumed that shorts in DC circuits do not clear by 
themselves4 and require an operator action to reset the affected equipment.  It is 
believed that this assumption leads to conservative results. 

 The timing of shorts in electrical cables and cabinets affecting control circuits is 
also an important factor.  It assumed that short occurs as soon as fire is initiated.  
The plant response sequences and especially operator actions and HEPs may 
be very different if this assumption is relaxed.   

 

                                                
4 Currently tests are underway that may provide experimental data related to this topic. 
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4.0 THE CASE OF MONTICELLO 
 
 
Monticello Nuclear Generating Plant is a 618MWe Boiling Water Reactor (BWR) that 
started operation in 1971.  Plant management initially decided to adopt NFPA 805 to 
address the open items in compliance with the fire protection regulations.  The open 
items included compliance with MSO requirements and three Appendix R (Reference 
11) exemptions.  It should be added that plant management considered their compliance 
level with Appendix R requirements very robust.  After a review of the nature of the open 
items, their options for addressing MSO cases and level of compliance with Appendix R, 
management decided against NFPA 805 transition.  The three exemptions involved 
conditions that could be shown as low risk to plant safety.  MSO issues could be 
addressed using a method not involving NFPA 805.  Therefore, management decided to 
reallocate the budget for NFPA 805 transition to hardware modifications . 
 
 
 
 
5.0 CONCLUDING REMARKS 
 
 
The purpose of this study was to explore the limitations in the use of current Fire PRA 
methods and data in NFPA 805 transition process.  Several members of the industry, 
consulting companies and NRC who are involved with Fire PRA were approached for a 
verbal discussion of their opinions and experiences regarding the use of Fire PRA in 
NFPA 805 transition. 
 
Fire PRA is a complex process where the internal events model is modified to include 
electrical cables (i.e., power, control and instrumentation circuits) along with location of 
these cables.  Additionally, for each location a range of possible fire scenarios are 
postulated.  Fire ignition, growth, detection and suppression is modeled for each 
scenario along with the possibility of damage to the equipment and cables in the area.   
 
Fire PRA addresses a very complex set of phenomena that involves reactor safety, fire 
occurrence, growth and propagation, fire detection and suppression, circuit failure, and 
operator response.  Each part has its own modeling methods and data that should be 
compatible with the models and data of other parts.  For example, the ignition 
frequencies may represent certain initial severity of the fire.  Fire propagation analysis 
for time to damage to reactor safety related items should take into account this fact.  
This compatibility issue is noted here because reducing the level of conservatism in one 
part of the methodology can only be done in concert with all other elements. 
 
A wide range of topics were brought forward during the interviews.  The following is a 
summary of the key points: 

 Fire PRA CDF ranges between mid-10-5 and low-10-4
 per reactor year.  In several 

cases, plant modifications had to be considered for CDF to be below 10-4 per 
reactor year.  

 Dominant risk contributors typically include electrical cabinets with cables or 
cabinets of the opposite train nearby, the Main Control Room and places with 
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high concentration of cables.  All other significant contributors vary significantly 
among the plants. 

 In PWRs, reactor coolant pump seal failure is an important part of dominant risk 
scenarios.   

 A large number of fire scenarios (on the order of one thousand) are typically 
analyzed to arrive at the CDF.  Often past the few dominant contributors, a very 
large number of scenarios with small CDF provide the balance of the total CDF. 

 In general, the HEPs were not noted as a source of conservatism in the Fire 
PRA.  However, it should be noted that the HEPs associated with the Main 
Control Room fire scenarios are mostly estimated using conservative and 
simplified approaches. 

 Multiple Spurious Operations (MSOs) were not found to be a major obstacle nor 
does it add significantly to the level of effort.  Its contribution to the fire risk varies 
significantly among the plants.   

 In a few plants, the incipient fire detection system was found to be important to 
reducing the CDF of the dominant contributors. 

 Level of adherence to the NUREG/CR-6850 methodology and data varies 
significantly.  There are licensees that have elected to adhere to the original 
values and methods of NUREG/CR-6850 (i.e., FAQs are disregarded).  At the 
other end of the spectrum, there are analysts that have modified the values and 
methods according to their understanding of the fire events.  The latter deserves 
further discussion as provided below. 

 Peer review process has gone through a learning phase.  The reviewers have 
provided valuable contribution to the process.  They have challenged cases that 
were considered as systemic errors.  However, it seems that the pool of qualified 
persons is limited.  This puts a constraint on scheduling the reviews and forcing 
the utilities to conduct the reviews while the Fire PRA is incomplete.    

 
Unrealistic level of conservatism is a common critique of current status of Fire PRA 
methodology and related data.  In this study, an attempt was made through the interview 
process to identify sources of conservatism.  Undoubtedly some level of conservatism is 
built into the Fire PRA model and data.  This is an inherent part of all PRAs because 
otherwise the methodology and data would be considered as inappropriate.  However, 
none of the various parts of a Fire PRA stood out as a potential candidate for undue 
level of conservatism.  The following are author’s opinion, based on the interviews and 
his personal experience about potential sources of conservatism that skew the results: 

 Simple models are used for analyzing the Main Control Room fire scenarios and 
perhaps more importantly the human error probabilities associated with Main 
Control Room fire scenarios are estimated conservatively. 

 To analyze a fire scenario the analyst has to use models for fire ignition (i.e., 
occurrence frequency), propagation, damage to a target set, detection, 
suppression and in some cases circuit failure and its associated probabilities.  
These models must be compatible to one-another to yield a reasonable result.  
For example, fire propagation analysis should assume an initial fire severity that 
ignition frequency has considered.  This severity is not explicitly articulated or 
quantified in the current model.  This implies that there is an element of 
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uncertainty associated with the compatibility among the parts of the Fire PRA 
methodology that is not explicitly articulated in current models.  Fire risk analyst 
has to give careful consideration of the inter-relationships among the various 
models to minimize the potential for biased results.  Therefore, the variations in 
the analysis assumptions associated with these inter-relationships that are either 
inherent or introduced by the analyst could potentially be a source of 
conservatism.   

 
It is important to note two additional concluding remarks: 

 The analysts should be restricted from conducting their own interpretation of raw 
fire event data and re-estimating probabilities and frequencies in isolation.  
Because of insufficient information contained in most event descriptions, 
experience has shown that a wide range of interpretations is possible.  
Therefore, one person’s or one entity’s interpretation can easily be skewed.   

 Peer review process has proven to be an important part of verifying the technical 
accuracy of the Fire PRAs.  Schedule related decisions should take into account 
the limited number of qualified analysts. 
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