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1.0 INTRODUCTION

On [date to be determined] the Nuclear Regulatory Commission (NRC) amended 10 CFR Part
50.48 “Fire protection” to add a new subsection, 10 CFR 50.48(c), that established acceptable
fire protection requirements (67 FR 66578). The change to 10 CFR 50.48 endorses with
exceptions the National Fire Protection Association’s (NFPA) 805, “Performance-Based
Standard for Firc Protection for Light Water Reactor Electric Generating Plants — 2001 Edition,”
as a voluntary acceptable approach for demonstrating compliance with 10 CFR 50.48 Scction (b)
and Section (f).

This document provides guidance for implementing the requirements of this rule change, and to
the degree endorsed by the NRC, represents methods acceptable to the NRC for implementing in
whole or in part a risk-informed, performance-based firc protection program.

1.1 Background

Fire protection requirements predating the [insert date] Amendment to 10 CFR 50.48 are
prescriptive in nature and were established well before the emergence of risk-informed,
performance-based analytical techniques. Consequently, the prescriptive requircments do not
include the benefits of probabilistic risk assessments (PRAs) for fires, nor do they reflect insights
into fire risk evident from the significant body of operating experience developed through risk-
bascd assessments. As PRA technology developed and additional operating experience was
accumulated, the NRC, in SECY-93-143, “Report on the Re-assessment of the NRC Fire
Protection Program,” determined that the situation had changed sufficiently to support a
recommendation for a revised 10 CFR 50.48 that would take risk concepts into account. In
addition, as discussed in SECY-96-134, “Options for Pursuing Regulatory Improvement in Fire
Protection Regulations of Nuclear Power Plants,” dated Junc 21, 1996, a revised fire protection
rule that would allow flexibility and facilitate the use of alternate approaches to meet the fire
safcty objectives may reduce the need for exemptions. The NRC in SECY-98-058, '
“Development Of A Risk-Informed, Performance-Based Regulation for Fire Protection at
Nuclear Power Plants,” assessed options for developing a new risk-informed, performance-based
fire protection regulation. In it, the NRC staff recommended that NRC be authorized to work
with NFPA on the development of a risk-informed, performance-based standard for nuclear plant
firc protection. They further recommend that rulemaking to adopt the standard and a regulatory
guide to interpret the standard be initiated following issuance of the standard.

As discussed in SECY-98-058, the NRC’s adoption of NFPA 805 was considered consistent with
the Commission’s policy specified in Direction Setting Issuc (DSI) 13, “The Role of Industry™;
Office of Management and Budget Circular A-119, “Federal Participation in the Development
and Use of Voluntary Conscnsus Standards and in Conformity Asscssment Activities”; and
Public Law 104-113, “National Technology Transfer Act of 1995.” These guidance documents
encourage the U.S. Government’s adoption of national consensus standards to carry out its
policy objectives and activities.

NEI, representing the nuclear industry, is a proponent of the use of risk-informed, performance-

based processes. NEI has worked to ensure that the adoption of a new fire protection licensing
basis is optional, and not a requirecment. NEI has also worked to cnsure that the process of
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adoption of a new fire protection licensing basis is effective and comprehensive, without placing
an unneccessary burden on licensees pursuing risk-informed, performance-based initiatives.

Subsequently, NFPA 805 was developed to provide a comprehensive risk-informed,
performance-based standard for fire protection. The NFPA 805 Technical Committee on
Nuclear Facilities is comprised of nuclear plant licensces, the NRC, insurers, equipment
manufacturers, and subject matter experts. The standard was developed in accordance with
NFPA processcs, and consisted of a number of technical meetings and reviews of draft
documents by committce and industry representatives. The scope of NFPA 805 includes goals
related to nuclear safety, radioactive release, life safety, and plant damage/business interruption.
The standard addresses fire protection requirements for nuclear plants during all plant operating
modes and conditions, including shutdown and decommissioning, which had not been explicitly
addressed by previous requirements and guidelines. NFPA 805 became effective on February 9,
2001. Although NFPA 805 provides many of the tools and processes necessary for risk-
informed, performance-based fire protection, additional guidance and clarification is warranted.
This implementing guidance is intended to provide that additional guidance and clarification.

1.2 Purpose and Scope
This implementing guidance for NFPA 805 has two primary purposes:

= Provide dircction and clarification for adopting NFPA 805 as an acceptable approach to fire
protection, consistent with 10 CFR 50.48 (c), and

» Provide additional supplemental technical guidance and methods for using NFPA 805 and its
appendices to demonstrate compliance with fire protcction requircments.

NFPA 805 establishes a comprchensive set of requirements for fire protection programs at
nuclear power plants. It incorporates both deterministic and risk-informed, performance-based
concepts. The deterministic aspects of NFPA 805 arc comparable to traditional requircments,
and thus need little additional z%uldance. Although there is a significant amount of detail in
NFPA 805 and its appendices, clarification and additional guidance for sclect issucs will help
cnsure consistency and effective utilization of the standard. Accordingly, this implementing
guidance focuses attention on the risk-informed, performance-based fire protection goals,
objectives, and performance criteria contained in NFPA 805 and the risk-informed, performance-
based tools considered acceptable for demonstrating compliance.

NFPA 805 addresses primarily technical issues and does not provide a framework or guidance
pertaining to the regulatory processes for adopting NFPA 805 as a new licensing basis. This
document provides that framework and detailed guidance for transmonmg to a risk-informed,
performance-based licensing basis.

NFPA 805 also docs not address use of the analytical tools and processes within an existing
licensing basis. The rule does not approve the use of NFPA 805 methods and analytical

! Appendices B, C, and D are not part of the requirements but the methodologies in them are considered by the NRC
to be specified in NFPA 805 for the purposes of Section (c)(4), so that their use by licenses does not require prior
NRC approval in a license amendment. 67 Fed. Reg. at 6653-84.
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approaches for purposcs other than demonstrating compliance with NRFPA 805, any other use of
those methods and analytical approaches requires the necessary NRC approvals under 10 CFR
50.90, 10 CFR 50.12, or other applicable regulations. This implementing guidance addresses
these regulatory process matters in Chapter 6.

The scope of the implementing guidance includes:

* Discussion of the regulatory framework for adopting NFPA 805 as the basis for compliance
to firc protection regulations (Chapter 2);

= Overview of the risk-informed, performance-based firc protection program process and
available options (Chapter 3);

» Implementing guidance for transitioning to a new fire protection licensing basis (Chapter 4);

» Guidance for program maintcnance and configuration control processes (Chapter 5); and

* Guidance for using NFPA 805 analysis tools within a current licensing basis (CLB) (Chapter
6).

This implementing guidance addresses only those elements of NFPA 805 that arc within the
scope of the NRC’s jurisdiction under 10 CFR 50.48. The goals of Life Safety and Plant
Damage/Business Interruption within NFPA 805 and its appendices arc outside of the scope of
10 CFR 50.48 and thus are not addressed in this guidance.

1.3 Relationship with Other Rules, Regulatory Guidance, Standards,
and Programs

= 10 CFR 50.48 and 10 CFR 50, Appendix R - refer to Scction 2.0 of this document.

= NEI 00-01 - (To the extent finally endorsed by the NRC) discuss usc of NEI 00-01 as an
acceptable method of demonstrating compliance with certain aspects of NFPA 805 and refer
to appropriate Appendices of the document.

(NOTE: The reference to NEI 00-01 has been included as a place-holder should the
NRC endorse that document, with or without exceptions. Depending on the timing of
the NRC’s decision, the reference to this document will be revised in accordance with
the situation at that time. In particular, if the NRC is still in the endorsement process;
the introductory phrase in parentheses would be added to this guidance.

= NEI 02-03 — “Guidance For Performing a Regulatory Review of Proposed Changes to the
Approved Fire Protection Program” — This document provides the framework for making
changes to the fire protection program under 50.59(c)(4). The process to implement this
regulation would be revised if a plant were to adopt NFPA 805 as its licensing basis. Sce
Section 6 of this document.

= Regulatory Guide 1.189, NUREG 0800 Standard Review Plan Scction 9.5.1 with Branch
Technical Position CMEB 9.5-1, Branch Technical Position (BTP) APCSB 9.5-1, and
Appendix A to APCSB 9.5-1 — These documents contain acceptable methods of
demonstrating compliance with NRC Fire Protection Regulations. Licensees should refer to
their plant-specific licensing bases to determine the applicability of specific guidance to a
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specific plant. Licensee’s commitments to these documents will be used as input into the
transition process. Sce Section 4.0 of this document.

= 10 CFR 50.59 and NEI 96-07 Revision 1 - 10CFR 50.59 establishes the conditions under
which licensees may make changes to the facility or procedures and conduct tests or
experiments without prior NRC approval. NEI 96-07 provides guidance for developing an
effective and consistent 10 CFR 50.59 implementation processes. If a utility adopts the
NFPA 805 licensing basis, the NFPA 805 change process is an acceptable method of
cvaluating fire protection program changes.

» 10 CFR 50.72 and 10 CFR 50.73 - The process to implement these regulations remain
unchanged as a result of adopting 10 CFR 50.48(c).

= Rcactor Oversight Process/Significance Determination process — This process would not
change if a plant chooses to adopt the NFPA 805 regulation. However, modifications to
terminology (safc shutdown versus nuclear safety, ctc.) may be required. Sce Section 6.0 of
this document.

= 10 CFR 50.65 and NUMARC 93-01 - Maintenance Rulc — the technique(s) used in the
maintenance rule program may be used in the “monitoring” program in NFPA 805. Sec
Section 5.0 of this document.

= Corrective Action Program - This process would not change if a plant chooses to adopt 10
CFR 50.48(c). However, modifications to terminology (safc shutdown versus nuclear safety,
etc.) may be required. See Scction 6.0 of this document.

*» NUMARC 91-06 (Shutdown) and NUREG-1409 - These documents provide input to the
cvaluation of non-power modes of operation. Sce Appendix F.

» Generic Letter 91-18, Rev.1 — This document discusses guidance for compensatory actions
during temporary non-compliances. This process would not change if a plant chooses to
adopt the 10 CFR 50.48(c). However, its usc during the transition period (Sce Section 4.0)
may be modified. In addition, modifications to terminology (safe shutdown versus nuclear
safety, ctc.) may be required. See Section 6.0 of this document.

= RIS 2000-17 adopting NEI 99-04 — This document discusses how licensees can modify
regulatory commitments. This process would not change if a plant chooses to adopt 10 CFR
50.48(c); however, the change process (Sce Section 4.4 of this document) provides more
specific detail of when a plant change process would change for the fire protection program.

1.4 Responsibilities and Qualifications

1.4.1 Responsibilities

Licensees adopting 10 CFR 50.48 (c) should use this guidance to assist in developing and
maintaining plant-specific risk-informed, performance-based programs. Other licensees may use
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the processes and techniques in this guidance within a CLB. Responsibilitics associated with
establishing and maintaining a firc protection plan are delineated in Section 3.2 of NFPA 805.

1.4.2 Qualifications

Qualifications for individuals responsible for administration of a fire protection program are
discussed in Section 3.2 and Appendix A of NFPA 805. This includes recommendations that
individuals responsible for day-to-day administration of the fire protection programs be
expericnced in nuclear power plant fire protection, preferably with qualifications consistent with
member grade status in the Socicty of Fire Protection Engincers.

Due to the technical nature of risk-informed, performance-based fire protection analyscs,
additional minimum qualifications are recommended for individuals practicing fire modeling and
quantitative fire protection risk assessments.

1.4.2.1 Fire Modeling

The qualifications necessary for personnel involved in the fire modeling projects depends to a
great extent on their role, and the nature of the analysis. In general, the individual responsible
for conducting quantitative engincering analysis related to firc hazard quantification should be an
cxperienced engineer with formal training in firc dynamics and use of the methods or models
being used. The user should also have knowledge of available data sources and validation
studies for the method being used. In addition to modeling and analysis expertise, the successful
application of modeling will involve an individual or team with experience in NPP systems and
plant operations, all relevant regulations, plant configurations and QA/QC programs. For simple
screening calculations where well defined and isolated fucl arrays are being evaluated, and less
expertise is required, an engincer with training in the calculation methods being used is adequate.

1.4.2.2 Fire Risk Assessment

The qualifications necessary of personnel involved in quantitative firc risk assessment (i.c., Fire
PRA) should be consistent with that applicable to individuals performing PRA studics. In
genceral, the individual responsible for PRA should be an experienced engincer with formal
training in PRA and firc PRA. As such, the licensee should apply the same training and/or
qualification standard to individuals conducting fire risk assessments. Individuals should also
have experience in fire risk assessments, such as involvement in an Individual Plant Examination
for External Events (IPEEE) effort.

1.5 Applicability

As stated in 10 CFR 50.48 (c)(3)(i), any licensec’s adoption of a risk-informed, performance-
bascd program that complies with the rule is voluntary. Compliance with this rule may be
adopted as an acceptable altenative method for complying with cither 10 CFR 50.48 (b), for
plant licensed to operate before January 1, 1979, or the fire protection license conditions for
plants licensed to operate after January 1, 1979, or (f), plants shutdown in accordance with

10 CFR 50.82(a)(1). Accordingly, the use of this guidance is also voluntary.?

2 If a licensee chooses not to adopt NFPA 805 as a complete, self-contained fire protection methodology to support
its new fire protection licensing basis, that licensee may still use NFPA 805 methodologies and approaches on an
optional basis, to support proposed changes to its CLB, provided that the licensee obtains the necessary regulatory
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2.0 REGULATORY FRAMEWORK

2.1 Introduction

The NRC has adopted NFPA 805, with a few specific exceptions, as an alternative, risk-
informed, performance-based regulation for fire protection at nuclear power plants. Licenseces
may continuc to comply with the current fire protection requirements or voluntarily transition to
the new requirecments. This Section describes the regulatory actions that a licensee should take
to transition its firc protection licensing basis to compliance with NFPA 805.°

2.2 Overview of the Rule

NFPA 805, with a few specific exceptions, has been adopted by the NRC as a regulation.
Chapter 1 of NFPA 805 establishes performance criteria, performance objectives, and goals for
nuclear safety and radioactive release. Chapter 3 of NFPA 805 establishes the fundamental
elements of a fire protection program and the minimum design requirements for the fire
protection systems and featurcs. Chapters 2 and 4 of NFPA 805 cstablish the general approach
for instituting firc protection requirements at a nuclear power plant and the methodology to
determine the fire protection systems and features required to achicve the performance criteria
outlined in Scction 1.5 of NFPA 805. The methodology shall be permitted to be cither
dcterministic or performance-based.

2.2.1 Incorporation by Reference

To avoid the need to reprint NFPA 805 in the CFR, the NRC obtained permission from the
Fedcral Register to incorporatc NFPA 805 by reference. This means that NFPA 805 is to be
trcated as if it had been included in its entirety in the CFR. The NRC has incorporated other
industry standards by reference, most notably the Boiler and Pressure Vessel Code promulgated
by the American Socicty of Mechanical Engincers (ASME) and adopted as 10 CFR 50.55a,
“Codes and Standards.” Thus, the NRC has developed precedent for dealing with standards that
have been incorporated by reference and that precedent will apply to questions involving NFPA
80s.

Because the NRC has adopted this particular version of NFPA 805 as its own rule, any
subsequent changes to NFPA 805 that may be made by the National Firc Protection Association
(NFPA) do not change the rule. Thercfore, if the NFPA were to revisc NFPA 805, NRC
licensees cannot apply those changes unless the NRC adopts the revised version through the
rulemaking process. (10 CFR 50.48(c)(1)). For the ASME Code, the NRC conducts rulemakings
periodically to adopt new versions of the Code.

Similarly, licensees may not rely on interpretations of NFPA 805 by the NFPA unless the NRC
has accepted those interpretations. A licensee can request the NRC’s Office of General Counsel
(OGC) for an informal NRC opinion on the acceptability of an interpretation by the NFPA. Ifa

approvals from the NRC. The rule approves its methods only for determining compliance with NFPA 805, When

those methods are used for other purposes, those uses are subject to NRC review. See Section 6 for additional
uidance.

§ Section 6 of this implementing guidance describes the use of the methods, analytical approaches and other tools in

NFPA 805 for changes to a licensee’s current fire protection licensing basis.
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licensce relies on an NFPA interpretation before it has been accepted by the NRC, that licensee
runs the risk of being in noncompliance if the NRC does not accept that interpretation.*

2.2.2 Relationship to Other Fire Protection Requirements

NFPA 805 is codified as 10 CFR 50.48(c). The new rule was placed deliberately in this location
to show how it rclates to existing fire protection requircments. The new rule establishes
alternative requirements that a licensce may voluntarily adopt instcad of continuing to comply
with its current firc protection licensing basis. A fire protection program that complies with
NFPA 805, as adopted by the NRC, is an acceptable alternative to compliance with either 10
CFR 50.48(b) (for plants licensed to operate before January 1, 1979 “Appendix R Plants”), or the
firc protection license conditions (10 CFR 50.48(c)(3)(1)) for plants licensed to operate after
January 1, 1979 (Post-Appendix R Plants). For plants that have shut down and submitted the
certifications required by 10 CFR 50.82(a)(1), compliance with NFPA 805 may be adopted as an
acceptable method for complying with 10 CFR 50.48(f).

2.2.3 Alternative Requirements in the New Rule

The new rule affects the actions which are required to be taken to establish compliance with

10 CFR 50.48(a), which requires each operating nuclear power plant to have a fire protection
program plan that satisfies General Design Criterion 3 (GDC 3), as well as specific requirements
in that scction. The transition process described in 10 CFR 50.48(c)(3)(ii) provides, in pertinent
parts, that a licensece intending to adopt the new rule must, among other things, “modify the firc
protection plan required by paragraph (a) of that section to reflect the licensee’s decision to
comply with NFPA 805.” Therefore, to the extent that the contents of the existing firc protection
program plan required by 10 CFR 50.48(a) arc inconsistent with NFPA 805, the fire protection
program plan must be modified to achieve compliance with the requirements in NFPA 805.

A comparison of the current requirements in Appendix R with the comparable requircments in
Scction 3 of NFPA 805 shows that the two sets of requirements arc consistent in many respects.
Howevecr, there are differences. Among them are the climination of specific requircments for:
(1) emergency lighting; (2) an alternative shutdown capability; and (3) cold shutdown.
Therefore, these topics need not be addressed in the revised fire protection plan.

2.3 Demonstration of Compliance with the New Requirements

Compliance with the performance criteria of Chapter 1 of NFPA 805 may be demonstrated by
using cither the deterministic or performance-based approaches in the standard (Chapter 4 of
NFPA 805). Alternative methods and analytical approaches may be used only if approved by the
NRC in a license amendment in accordance with 10 CFR 50.48(c)(4). In deciding whether to
grant such a license amendment, the Director of the Office of Nuclear Reactor Regulation will
determine whether the alternative method and analytical approach: (1) satisfics the performance
criteria, performance objectives, and goals for nuclear safety and radiological rclease; (2)
maintains safety margins; and (3) maintains post-fire defensc-in-depth (fire prevention, fire
suppression, and post-fire safc shutdown capability.)

4 Note that 10 CFR 50.3 states “Except as specifically authorized by the Commission in writing, no interpretation of
the meaning of the regulations in this part by any officer or employee of the Commission other than a written
interpretation by the General Counsel will be recognized to be binding upon the Commission.”
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Compliance with Chapter 3 of NFPA 805 may be demonstrated by showing that the specific
requircments arc met cither dircctly or by the use of alternative methods and analytical
approaches. Alternative methods and analytical approaches must be approved by the NRC ina
license amendment per 10 CFR 50.48(c)(4). Contrary to Scction 3.1 of NFPA 805, performance-
based methods may be used. (Reference: 10 CFR. 50.48(c)(2)(v). Note licensees contemplating
applying for permission to use an alternative method or analytical approach could pursuc a
genceric approval process with other utilities and/or NEI. Sec Section 2.4 of this document.

Compliance with Chapter 3 may also be demonstrated by showing that the NRC has previously
approved an alternative to a fundamental program attribute. A claim of prior NRC approval
must be based on docketed correspondence from the NRC. Note that the plant configuration(s)
addressed in this docketed correspondence/approval may have been modified subsequently
during the course of plant operation. If those modifications were made in accordance with an
approved process (10 CFR 50.59, Generic Letter 86-10, ctc.) they are part of the plant’s licensing
basis, but they are not considered previously approved by the NRC for the purposes of Chapter 3
of NFPA 805 unless they have been explicitly reviewed and approved by the NRC.

2.3.1 Previous Approval Determination

To implement the transition to compliance with NFPA 805, a licensee must accurately determine
its plant’s fire protection CLB and the extent to which the NRC has approved the fundamental
program elements in that CLB and the Appendix R / NUREG-0800 compliance. Determination
of the extent of previous NRC approval requires a detailed review and assessment of the plant’s
docket. Chapter 4 of this document provides the details of thc documentation of the transition
process.

Note that the prior approval determination is not limited to the “classical” firc protection
program attributes in Chapter 3 of NFPA 805. The prior approval determination is also made for
the licensee’s compliance with 10 CFR 50, Appendix R, Section 111.G and IIL.L or applicable
sections of NUREG-0800, either as a requirement or as a licensing commitment, in order to
transition to the new fire protection licensing basis. This is consistent with the methodology
depicted in Figure 2.2 of NFPA 805. Exemptions/deviations from the original licensing basis are
part of a licensce’s CLB.

Previous NRC acceptance or approval is found by comparing licensee submittals with NRC
responses. For cach instance for which a licensee wants to demonstrate prior NRC approval of a
particular fire protection program attribute, the following strategy should be used:

1. Review correspondence from the NRC to determine whether the NRC has explicitly
accepted or approved the program attribute. If so, retain supporting documentation as
cvidence of prior NRC approval. No additional steps need to be taken.

2. If final correspondence, such as an SER from the NRC, contains only general statements
of acceptance or approval, it is necessary to find the related chain of supporting
correspondence between the NRC and licensce and other related documentation, such as
NRC mecting minutes, to determine what information the NRC requested from the
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licensce and what information the licensee provided in responding to the NRC’s request.
Examples of the types of correspondence that may provide support arc letters, requests
for and grants of exemptions, licensee responses to Notices of Violation (NOVs) and
NRC acknowledgements of the corresponding corrective actions, licensee responses to
Unresolved Issues (URIs) and NRC acknowledgement of resolution of its concerns,
licensees’ responses to requests for additional information and NRC closcouts of them,
and licensce presentations at NRC management meetings followed by NRC
acknowledgement of them.

Where the available documentation indicates that the NRC has been aware of and
accepted a specific attribute of the fire protection program, but docs not include an
explicit NRC statement to that effect, the licensee should document its basis for that
conclusion in the Transition documentation (See Scction 4.0 of this document).

If a fundamental design requirement or a program element does not meet Chapter 3 and there is
not “prior approval” a licensee shall 1) conform to specific requirements of Chapter 3, or 2)
obtain a license amendment.’ If a firc area Appendix R / NUREG 0800 compliance strategy
doesn’t meet the nuclear safety criteria the licensee may meet the deterministic requirements of
Scction 4.2.3 of NFPA 805, or usc the performance-based approach to demonstrate that the
nuclear safety performance criteria is satisfied and perform a change analysis to ensure that the
change is acceptable (Sce Scction 4.4 and Appendix I of this implementing guidance).

2.3.2 Improper Determination of Previous NRC Approval

Where a licensee chooses to rely on an aspect of the current fire protection licensing basis as
previously approved by the NRC, those elements relied upon remain subject to NRC inspection
for compliance with the regulations that were applicable at the time of the NRC’s approval.
Such reliance will be documented as part of the transition process (See Section 4). If an
inspection shows that the licensec’s reliance on previous NRC approval was erroncous, either
because such approval had not been granted or the requirement was not met, the licensee has the
option of either coming into compliance with the original requircment or demonstrating
compliance with the new, alternative requirement in NFPA 805.

2.3.3 Non-compliance with the Current Fire Protection Licensing Basis

If, during the process of transitioning the licensing basis, the licensce discovers a non-
compliance with its current fire protection licensing basis, it will be entered into the licensee’s
corrective action program (CAP). Two alternatives are available to address the noncompliance.
One option is for the licensce to come into compliance with the requirement in the current fire
protection licensing basis and then rely on that compliance to the extent permitted by NFPA 805
to demonstrate compliance with the new standard. The other option is to come into compliance
with the corresponding requirement in NFPA 805 by using by using any of the methods
permitted by that standard. As with any non-compliance, the time taken to come into
compliance will depend on the safety significance of the non-compliance.

3 Note: In accordance with 10 CFR 50.48(c)(2)(v) the fire protection program elements and minimum design
requirements of Chapter 3 may be subject to the performance-based methods permitted elsewhere in the standard.
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2.4 Alternate Methods and Approaches

10 CFR 50.48(c)(4) authorizes licensees to submit requests to use alternative methods and
analytical approaches to demonstrate compliance with NFPA 805, including fundamental fire
protection program and minimum design requirements identified in Chapter 3 of NFPA 805, in
licu of the methods and approaches specified in NFPA 805. Prior NRC approval of these
alternatives will be necessary. Three licensing paths are available for obtaining NRC approval of
an alternative: (1) Topical Report (TR); and (2) licensc amendment; and, (3) Safety Evaluation
Report (SE) issued by NRR.

2.4.1 Topical Report

To minimize licensee resources needed to obtain NRC approval, a licensce contemplating
applying for permission to use an alternative method or analytical approach could first determine
whether other licensees are interested in that alternative. If a sufficient number of licensees
indicate interest, thosc licensees could collaborate to develop a TR supporting that alternative.
After the TR has been reviewed and approved by the NRC, as evidenced by the NRC’s issuance
of a SE, each licensee would be able to adopt the approved alternative by showing that it has met
the criteria in the TR for such adoption.

To be accepted for the TR program a requested report should mect all four of the following
criteria established by the NRC®:

(1) The report deals with a specific safety-related subject regarding a nuclear power plant that
requires a safety assessment by the NRC staff, for example, component design, analytical
models or techniques, or performance testing of components and/ or systems that can be
cvaluated independently of a specific license application.

(2) The report is, or is expected to be, referenced in a number of license amendments or
standardized reference design approval applications.

(3) The report contains complete and detailed information on the specific subject presented.
Conceptual or incomplete preliminary information will not be reviewed.

(4) NRC approval of the report will increase the efficiency of the review process for applications
that reference the report.

Exceptions to these criteria may be allowed. The applicant should provide the NRC with
justification for such exceptions. The justification should show that it is in the public interest to
cvaluate the proposed report. The justification for the exception may consider savings to the
industry, or contribution to closing a safety-related subject, or advancement of technologies that
would maintain safety or reduce unnecessary burden. A dcecision to accept a report that does not
meet the four criteria must find that the resources expended in the review of the TR are worth the
reduction of resources committed to other activities, such as licensing actions.

The NRC staff’s process for reviewing a proposed TR will basically follow the NRC’s internal
process for reviewing a license amendment request. However, there will be no opportunity for
public participation in the TR approval process.

5 NRR Office Instruction LIC 500, Rev. 1, Processing Requests for Reviews of Topical Reports.
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After the NRC has approved a TR, it may be either referenced in cither a license amendment
application or, if the change resulting from adoption of the TR is not significant enough to
warrant a license amendment, in the documentation for the change process performed in licu of
10 CFR 50.59. The advantage of referencing a TR is that the only issue for determination is
whether the licensee has met the critcria for using the TR. The substance of the TR is no longer
an issue for review of the licensc amendment.

2.4.2 License Amendment

Where a licensee cannot meet the four TR criteria or justify a deviation from them, a license
amendment can be submitted to the Office of Nuclear Reactor Regulation (NRR) for review and
approval. A licensec amendment also will be necessary if the alternative is determined to meet
the NRC’s criteria in the Perry’ decision. Under Perry, a license amendment will be required if
the licensee’s proposed action will result in a greater operating authority or otherwise alter the
original terms of a license. Under NEI 96-07 Revision 1, approved by NRC, a license
amendment is not required if the NRC has previously approved the application. A license
amendment is not required where the results of the change arc encompassed within the
delincated categories of authorized conduct. Therefore, a license amendment will not be
required where the change is just another way of complying with existing regulatory
rcquirements.

2.4.3 Internal NRR Approval

Where an alternative does not require a license amendment under the NRC'’s criteria in the Perry
decision, a licensee may submit an altcrnative for NRR review and approval. NRR approval will
be documented in a Safety Evaluation. '

3.0 RISK-INFORMED, PERFORMANCE-BASED FIRE PROTECTION
PROCESS

3.1 Process Summary

The process for transitioning to the new risk-informed, performance based option is discussed in
NFPA 805. The process is summarized in Section 3.2. Section 3.3 provides additional details
and provides directions for the overall process for adoption of a new risk-informed, performance
- based fire protection licensing basis.

3.2 NFPA 805 Process

Included within Figure 3-1 are processes addressed specifically by NFPA 805. The NPFA 805
process is discussed in Scction 2.2 of NFPA 805 and is shown in Figure 2.2 of NFPA 805, which
is included below as Figure 3-1 of the implementing guidance. '

7 Cleveland Electric Hluminating Company, et al., (Perry Nuclear Power Plant, Unit 1), 44 NRC 315 (December 6,
1996).
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Figure 3-1 — NFPA 805 Process (Figure 2.2 of NFPA 805)

Revision E



3.3 Overall Process for Implementing a New Licensing Basis

Certain clements of the process that nced to be followed are not established by NFPA 805 and its
appendices, since NFPA 805 does not address the details of how to achieve regulatory
compliance and feasibility evaluations. NFPA 805, due to its structure and content, does not
always provide a clear process of the steps that should be followed. The following simplified
flowchart (Figure 3-2) is intended to show the overall process for implementing a risk-informed,
performance-based fire protection application:

The Process Phase column categorizes the sequential phases of a licensee transition.
Descriptions of the transition phases arc discussed in Section 4.1.2.

The Simplified Process column shows the major steps in the transition to a new risk-
informed, performance-based fire protection program. The Simplified Process steps include
a preliminary assessment, which is not part of the NFPA 805 standard. The rest of the steps
arc a simplificd representation of steps addressed in NFPA 805. Table 3-1 provides a cross
reference of steps in the Simplified Process to the steps within NFPA 805. References to
applicable sections in the implementing guidance are provided in braces {}.

The Regulatory Documentation column shows the major documentation developed,
submitted, and received as part of the adoption of a new fire protection licensing basis.

The flowchart does not show continuous processes (regulatory interface, ctc.) and fecdback
loops (adjusting effort due to unfavorable results, requests for additional information,
iterative decisions on practicality of risk-informed, performance-based approach, and
iterative decisions on whether to adopt the new rule or use the process).
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Figure 3-2 Implementing the New Licensing Basis
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Table 3-1
Risk-Informed, Performance-Based FP Process Summary

Step —- NFPA 805 Step
Process Section
Preliminary N/A Preliminary assessment is the work performed to assess the feasibility
Assessment and practicality of transitioning to a new licensing basis.

Review and 2.2(a)—2.2(g) These steps follow the technical guidance in NFPA 805.
Engineering
Analysis e Establish the fundamental fire protection program (NFPA 805
Chapter 3).
Identify fire areas and associated fire hazards
Identify the performance criteria that apply to each fire area (NFPA
805 Section 1-5).

o Identify systems, structures, and components (SSCs) in each fire
area to which the performance criteria apply.

+ Select the deterministic and/or risk-informed performance-based
approach for the performance criteria (see NFPA 805 Chapter 4).

¢ When applying a deterministic approach, demonstrate compliance
with the deterministic requirements (see NFPA 805 Chapter 4).

+ When applying a risk-informed /performance-based approach,
perform engineering analyses to demonstrate that applicable
requirements are satisfied. These analyses should include, for
example, engineering evaluations, probabilistic risk assessments
and fire modeling calculations (NFPA 805 Section 2-3).

Change 2.2(h) Perform the plant change evaluation that demonstrates that
Evaluation changes in risk, defense-in-depth and safety margins are
acceptable (see NFPA 805 Section 2-3.4). If any one of these is
unacceptable, additional fire protection features or other
alternatives shall be implemented.

Program 2.2(i) — 2.3()) » Develop a monitoring program to monitor plant performance as it
Documentation applies to fire risk. This program shall provide feedback for
& Maintenance adjusting the fire protection program, as necessary (NFPA 805

Section 2-9).

o For the resulting plant fire protection program, provide adequate
documentation, ensure the quality of the analyses, and maintain
configuration control of the resulting plant design and operation
(NFPA 805 Section 2-5).

3.4 Licensee Transition Documentation Overview

Three documents must be prepared to support the transition to compliance with NFPA 805.
They are:

(1) A Letter of Intent to be sent to the NRC before beginning the transition process;

(2)  The Licensc Amendment Request (LAR) required by 10 CFR 50.48(c)(3)(i); and

(3) A Transition Report that details the new licensing basis and how it was derived from the
current fire protection licensing basis.
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Scction 4 and Appendix H provide additional discussion of the transition documentation and
sample letters and reports.

3.5 Compliance during the Transition Period

When the Licensee decides to go forward with transition to a NFPA 805 licensing basis, a
“Letter of Intent” will be submitted. It will include a schedule for submitting a “Licensc
Amendment Request” and a description of the tasks involved in preparing for the transition.
This will provide the Staff an understanding of the circumstances if a protracted schedule is
requested. The time interval between submittal of the “Letter of Intent” and the “License
Amendment Request” is expected to be six months and two years depending on the extent of
analysis required and any site-specific circumstances.

It is possible that while conducting the engineering analyses that are necessary to prepare the
NFPA 805 licensing basis, the licensee may identify issues that do not comply with the ‘current
licensing basis.” In the event that a non-compliance is identified, the licensee would enter it into
the corrective action program, implement compensatory actions and submit notification to NRC
as appropriate. The issue could be evaluated and resolved under the new risk informed licensing
basis. During the intcrim between identification of the non-compliance and resolution under the
NFPA 805 licensing basis, “Enforcement Discretion™ would be in cffect. “Enforcement
Discretion” would start when the “Letter of Intent” is submitted and continue until the risk-
informed licensing basis is in effect.

A schedule cxtension may be requested with adequate justification. Enforcement Discretion
would be extended accordingly.

The “License Amendment Request” would include a schedule for transition to the risk informed
licensing basis, a schedule for any plant modifications that would be necessary to achieve final
compliance and a summary of the risk informed licensing basis. Any performance-based
analysis conducted to demonstrate compliance with a NFPA 805, Chapter 3 issue would be
submitted as part of the License Amendment Request

Enforcement discretion would end when the NFPA 805 licensing basis is implemented and any
associated modification(s) are complete. Schedular extensions would be possible if site-specific
extenuating circumstances arisc, but must be requested and granted by NRC.

4.0 TRANSITION FOR ADOPTION OF A NEW LICENSING BASIS

4.1 Transition - Introduction

4.1.1 Transition Process Overview

The transition process for adopting a new fire protection licensing basis is a critical step in the
overall process. A comparison of the potential benefits with the known burdens associated with
the transition to a new licensing basis is a significant consideration in a licensee’s evaluation of
the option. One critical aspect of any assessment of the benefits and burdens is the extent to
which the CLB can be incorporated (“brought forward™) into the new licensing basis as
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compared with the extent to which it will be necessary to take additional actions to establish
compliance with various components of the new licensing basis.

All licensees choosing to adopt NFPA 805 as basis for compliance to fire protection regulations,
independent of whether they choose a deterministic or risk-informed, performance-based
compliance strategy, must demonstrate compliance with Chapters 1, 2, 3, and 4 of the standard.
Chapter 1 establishes the goals, performance objcctives, and performance criteria. Chapter 2 of
NFPA 805 scts forth the general methodology for establishing fire protection requirecments and
cngineering analyses requircments, including the analyses that support a risk-informed,
performance-bascd fire protection design. Chapter 3 of NFPA 805 contains fundamental
clements of a fire protection program and specifies the minimum design requirements for fire
protection systems and features. Chapter 4 of NFPA 805 provides a method for determining that
the required fire protection systems and features to satisfy the performance criteria of Section 1.5
of the standard.

The extent to which the fire protection CLB can be incorporated into the new, licensing basis is
determined by the extent to which the fire protection CLB can be shown to comply with the
requircments in NFPA 805, except for:

= Previously approved alternatives from the fundamental fire protection program attributes of
NFPA 805 Chapter 3 [NFPA 805 Chapter 3 Section 3.1]

* Previously approved exemptions/deviations from 10 CFR 50 Appendix R / NUREG 0800
[NFPA 805 Figurc 2.2]. Note these exemptions/deviations will be reviewed during the
transition process to ensure the basis for acceptability is still valid. See Section 4.3.2.

= Existing Enginccring Equivalency Evaluations [NFPA 805 Figurc 2.2]. Note these
equivalency evaluations will be reviewed during the transition process to ensure the quality
level and the basis for acceptability is still valid. Sce Section 4.3.2.

The methodology requircments in Chapters 2 and 4 of NFPA 805 arc very similar to those used
to demonstrate compliance with the traditional NRC requirements (other than for fires
originating in non-power opcrational modes and radioactive release). Accordingly, a plant’s
previously approved CLB® for compliance with safe shutdown fire protection requirements
should largely satisfy the nuclear safety requirements established by the amended regulation, 10
CFR 50.48 (c), for implementing a fire protection program bascd upon NFPA 805 Chapters 1, 2
and 4, except for non-power operations and radiological releases. Where the NFPA
requirements arc not fully met, engineering equivalency ecvaluations may be used to show that
the existing fire protection configurations and procedures comply. Otherwise, either
programmatic changes or approval to use alternative methods will be necessary to demonstrate
compliance.

To demonstrate compliance with the “fundamental elements of the fire protection program” and
“minimum design requircments for fire protection systems and features” that arc contained in

# Exemptions/deviations from the original licensing basis have been reviewed and approved by the NRC and, are
therefore considered acceptable as previously approved alternatives.
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Chapter 3 but are not contained in previously approved fundamental firc protection program
attributes, a licensec, notwithstanding the prohibition in Section 3.1 against the use of
performance-based methods, may utilize the performance-bascd methods permitted elsewhere in
the standard (See 10 CFR 50.48.c (2)(v)). The use of this alternate method would require a
licensc amendment.

In conclusion, although the traditional fire protection program requirements contained in 10 CFR
50.48 arc not in direct alignment with those under the new rule, the requirements arc similar
enough to allow a structured transition without a complete design and licensing basis
reconstitution. The intent of the transition assessment is to:

= Provide confirmation that the transitioning fire protcction program, to the extent that the
NRC has not previously approved its fundamental program attributes, meets the fundamental
program clements and minimum design elements of Chapter 3 of NFPA 805, (Section 4.3.1)

= Provide confirmation that the transitioning fire protection program meets the nuclear safety
deterministic criteria. (Section 4.3.2)

= Identify acceptable approaches and perform analyses to address fires originating in non-
power operational modes and fire protection to effectively minimize radioactive release.
(Sections 4.3.3 and 4.3.4)

»  Address risk-informed, performance-based attributes (i.c., safcty margin, defense-in-depth)
where the requirements of NFPA 805 are not met and arc not previously approved in the
licensee’s CLB. This may include performance of a change evaluation for nuclear safety
aspects of the transition. (Section 4.4)

* Verify/establish a monitoring program to ensure the availability and rcliability of fire
protection systems and features and to assess the fire protection program. (Section 4.5.3)

* Confirm/establish adequate quality, documentation and configuration control to transition to
a ncw licensing basis. (Scction 4.5)

A simplified flowchart is provided as Figure 4-1.
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Figure 4-1 Transition Process (Simplified)

4.1.2 The Three Phases of the Transition Timeline

To transition from compliance with the current fire protection licensing basis to a new fire
protection licensing basis consistent with the new requirements in NFPA 805, a licensee must
take several steps. These steps can be grouped logically into a three-phase timeline for the
transition process. Each phase is completed by the publication of a document. The three phases
of the transition, their component steps, and their associated documents are identificd below and
arc shown on Figurc 3-2. The phases described below assume that a decision to transition to a
new licensing basis has alrcady been made.
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Phase 1: Decision and Letter of Intent

Make decision to transition the licensing basis.

Make preliminary determination of the activities that will be necessary to support the
transition.

Make initial determination of any changes to the plant or firc protection program that may be
necessary.

Establish a tentative schedule for completing all of the actions necessary for the transition.
Submit a Letter of Intent to the NRC. The letter’s contents are described in Section 4.2.2 and
Appendix H.

Phase 2: Analysis and License Amendment Request

Conduct the transition activities to demonstrate compliance. Scction 4.3 describes in detail
how the current fire protection licensing basis can be used to support demonstrations of
compliance with the requirements in NFPA 805.

Determine extent to which the current fire protection licensing basis can be shown to
demonstrate compliance with the new fire protection requircments.

Dectermine any changes to the plant that will require a license amendment.

Determine any alternative methods and analytical approaches that will be relied on to
demonstrate compliance with the new fire protection requirements and will require a license
amendment.

Update the schedule for completion of transition activities.

Submit a License Amendment Request (LAR) to the NRC. The LAR’s contents arc
described in Section 4.6.1 and Appendix H.

Phase 3: Completion of Transition

While the NRC reviews the LAR, complete all of the transition activities which do not
require prior NRC approval, including plant changes which do not require a license
amendment under the current license condition, procedure changes, and training.

After the NRC issucs the license amendment, complete any changes to the plant which
required a license amendment.

Rely on alternative methods and analytical approaches approved by the NRC to demonstrate
compliance with the new fire protection requirements.

Adopt the new licensing basis. Document the new fire protection licensing basis in a
Transition Report. The report’s contents are described in Section 4.6.2 and Appendix H.

4.2 Preliminary Assessment

4.2,1 Technical and Regulatory Assessment

This step involves an initial scoping to assist in assessing the feasibility and practicality of
adoption of the new fire protection rule.’ This step will include a cost-benefit review and will
consider items such as:
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= Alignment/mapping of CLB clements with comparable NFPA 805 Chapter 3 elements and
features;

= Clarity of existing firc protcction licensing basis in documenting prior approval;

= Level of rigor associated with post-fire safe shutdown analysis and documentation of
exceptions such as Generic Letter 86-10 evaluations of fire arca boundaries, partial
suppression/detection evaluations, manual action feasibility, ctc.;

= Availability and reliability of cable and raceway data;

= Depth and status of fire risk analysis (i.c., firc PRA, IPEEE);

= “Economies of scale” that may be attained due to application of process to similar units and
sites;

= Plans for license renewal;

= Estimated costs of additional analyses and plant implementation of fire protection programs
for other modes of operation and consideration of radioactive release;

» Estimated cost of resolving outstanding fire protection issues (i.c., condition reports,
inspection/assessment findings) using traditional deterministic methods;

= Perceived regulatory risk of pursuing a risk-informed, performance-based option without a
significant proven process for acceptance and approval; and

» Cost benefit associated with reduced focus on non-safety significant issucs.

4.2.2 Transition Letter of Intent

Following the management decision to transition to a new licensing basis, a Letter of Intent is
prepared. The Letter of Intent must provide the NRC with enough information about the
licensee’s transition plans to enable the NRC to justify the exercise of enforcement discretion for
any non-compliances found as a result of conducting the transition process. A Letter of Intent
will provide adequate information if it contains the following information:

= Identification of the plant(s) intended to be transitioned to a new licensing basis.

* Outline of activities necded to support the transition and estimated completion dates.

* Proposed transition schedule, including initiation and cstimated duration of the transition.

* Formal request for NRC exercise of enforcement discretion discussion (unless the NRC
issues an Enforcement Guidance Memorandum (EGM)).

A sample Letter of Intent is provided in Appendix H.

4.3 Reviews and Engineering Analyses

The need to perform additional engineering analyses as part of transitioning to a new fire
protection licensing basis stems from results of the transition reviews as discussed in the
subsections below. Assessment of radioactive release due to fire suppression activities for and
the impact of fires occurring in non-power operational modes are not in most cases addressed in
a licensee’s CLB. Thus, engineering analyses should be performed to evaluate the fire protection
program against the performance criteria for these elements of NFPA 805.
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4.3.1 Fundamental Fire Protection Program and Design Elements Transition
Review

NFPA 805 Chapter 3 contains the fundamental elements of the firc protection program and
specifics the minimum design requirements for fire protection systems and features. These
requirements arc very similar to the guidelines of BTP 9.5-1 APCSB (5/1/76), BTP 9.5-1
Appendix A (2/24/77), or NUREG-0800 BTP 9.5-1 CMEB (7/81). Each nuclear plant has an
approved firc protection program that must demonstrate compliance with 10 CFR 50.48. For
these reasons, a substantial part of an existing fire protection program can be transitioned to a
new NFPA 805 licensing basis by performing a transition review

Chapter 3 states, “These fire protection program elements and minimum design requircments
shall not be subject to the performance-based methods permitted elsewhere in this guidance.
Previously approved alternatives from the fundamental program attributes of Chapter 3 of NFPA
805 [by the NRC] take precedence over the requirements contained herein.” Notwithstanding
the prohibition in Section 3.1, the final rule is expected to indicate that licensecs may apply for
license amendments to use performance-based methods to demonstrate compliance.

It is important that the “previously approved alternatives” be clearly determined in order to
understand the level of review and potential upgrades necessary to meet the requirements in
Chapter 3 of NFPA 805. Fire protection program features and systems, although previously
reviewed and approved by the NRC, may have been changed since initial NRC approval. Such
changes are part of the CLB if they have been made in accordance with the correct application of
the guidelines of Generic Letter 86-10, an evaluation of plant changes under the requirements of
10 CFR 50.59, or the fire protection standard license condition (NEI 02-03). The firc protection
standard license condition allows changes to the “approved firc protection program without prior
approval of the Commission if those changes would not adversely affect the ability to achicve
and maintain safe shutdown in the event of a fire.” Where the changes from the original NRC
review and approval have been made appropriately using an approved change process, the
changes are considered an acceptable part of the CLB. Licensees may rely on these changes to
claim compliance but the NRC may inspect those changes and conclude that they do not comply
with NFPA 805. However, they are not considered previously approved by the NRC for the
purposes of superseding requirements in Chapter 3.

A simplified flowchart of the fundamental program and design elements transition review is
provided as Figure 4-2.
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Figure 4-2 - Fundamental Program and Design Elements Transition Process (Simplified)

A systematic approach should be taken when assessing the transitioning plant firc protection
program against NFPA 805 Chapter 3 requirements. This is necessary to provide clear
documentation of acceptance prior to moving forward with a new licensing basis. Specific
acceptance of a plant configuration, as well as changes since original acceptance, should be
documented. Each section and subsection of Chapter 3 should be reviewed against the current
fire protection program. Licensees should provide specific compliance statements (deviations,
exemptions, etc) to demonstrate "previous approval” of an alternative or compliance with the
Chapter 3 attribute.

Differences from NFPA 805 Chapter 3identified during the transition review must be reconciled
prior to transition to a new risk-informed, performance-based licensing basis. For those cases
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where compliance cannot be demonstrated, or prior NRC approval is not adequatcly
documented, the licensee may choose to comply with the deterministic requirecments of NFPA
Chapter 3 or prepare performance-based license amendment request for submittal to the NRC.

A sample table showing NFPA 805 requirements, fundamental program and design elements,
items for review, method of compliance, and licensing basis references are shown in Appendix
B-1.

4.3.2 Nuclear Safety Performance Criteria Transition Review

The nuclear safety performance goals, objectives, and criteria are very similar to the
requirements contained in Sections 1I1.G and IIL.L of 10 CFR 50, Appendix R or applicable
sections of NUREG-0800. Each nuclear plant has an approved fire protection program that must
demonstrate compliance with the safe shutdown requirements in Sections I11.G and I11.L of 10
CFR 50, Appendix R (or applicable sections of NUREG-0800), or has documented
cxemptions/deviations from these requirements. For these reasons, a substantial part of an
existing fire protection program can be transitioned to a new NFPA 805 licensing basis by
performing a transition review and by addressing NFPA 805 topics not typically addressed in a
previously approved fire protection program (i.c., fires originating in non-power opcrational
modes and fires resulting in radioactive release).

The deterministic branch of Figure 2.2 of NFPA 805 rccognizes as an acceptable approach
bringing forward the existing plant licensing basis (including approved exemptions / deviations,
and correctly implemented engincering equivalency evaluations) to the extent that they can be
shown to comply with Chapters 1, 2 and 4. This would be considered compliance with
deterministic compliance in NFPA 805 Chapter 4. Otherwisc, additional engineering evaluations
may be used to demonstrate equivalence.

Just as in the Fundamental Fire Protection Program and Design Elements review discussed in
Section 4.3.1, Firc protection program features and systems, associated with compliance with
Appendix R / NUREG-0800, although previously reviewed and approved by the NRC, may have
been changed since initial NRC approval. Such changes are part of the CLB if they have been
made in accordance with the correct application of the guidelines of Generic Letter 86-10, an
evaluation of plant changes under the requirements of 10 CFR 50.59, or the fire protection
standard license condition. The fire protection standard license condition allows changes to the
“approved fire protection program without prior approval of the Commission if those changes
would not adversely affect the ability to achieve and maintain safe shutdown in the cvent of a
firc.” Where the changes from the original NRC review and approval have been made
appropriatcly using an approved change process, the changes are considered an acceptable part
of the CLB. Licensces may rely on these changes to claim compliance but the NRC may inspect
thosc changes and conclude that they do not comply with NFPA 805. However, they arc not
considered previously approved by the NRC for the purposcs of superseding requircments in
Chapter 3.

A systematic approach should be taken when assessing the transitioning plant fire protection

program against the nuclear safety requirements of Chapters 1, 2 and 4 of NFPA 805. This is
necessary to provide clcar documentation of acceptance prior to moving forward with a new
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licensing basis. Specific acceptance of a plant configuration, as well as changes since original
acceptance, should be documented. The review should consist of two fundamental items:

1. Review of the safe shutdown methodology for basic attributes (Chapters 1 and 2 of
NFPA 805)
2. Fire arca by firc arca review (Chapter 4 of NFPA 805)

The safe shutdown methodology review evaluates the existing post-firc safc shutdown analyses
against the guidance provided in Section 2.4.2 of NFPA 805 for the Nuclear Safcty Capability
Assessment. This review ensurcs that the basic clements (systems and equipment sclection,
circuit selection, equipment and cable location, and firc arca assessment) arc adequate to support
transition to a new licensing basis for fires originating at power operations. Differences
identified during the transition review must be reconciled prior to transition to a new risk-
informed, performance-based licensing basis. Guidance on performing of the NFPA 805
Chapter 2 reviews is provided in the tables in Appendix B-2 of this guidance.

A simplified flowchart of the firc arca by fire arca transition review is provided as Figurc 4-3
below.

Existing Fire Area
Compliance Strategy

v v v v

Meets NFPA 805 Meets Deterministic Meets Deterministic %z‘::r'rm:\rs‘z:'
Ch. 4 Deterministic Criteria with approved Criteria with GL 86-10 irements
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Document Analysis
Upgrade GL 86- ¢
10 ev?(l,uatk:: or Perform change
conslider other evaluation
options

Figure 4-3 - Fire Area by Fire Area Transition Process (Simplified)

The fire arca by fire area review determines whether the CLB is intact and documented
adequately to support the transition. The review is intended to identify and document how each
firc area:
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1. Aligns with the NFPA 805 Chapter 4 deterministic methods for meeting the nuclear
safety performance criteria in NFPA 805 Scction 1.5; or

2. Aligns with the NFPA 805 Chapter 4 deterministic mcthods for meeting the nuclear
safety performance criteria in NFPA 805 Scction 1.5 with approved exemptions or
deviations from 10 CFR 50 Appendix R; or

3. Aligns with the NFPA 805 Chapter 4 deterministic methods for meeting the nuclear
safety performance criteria in NFPA 805 Scction 1.5 with correctly implemented
supporting engincering evaluations (i.c., Generic Letter 86-10 evaluations or
calculations); or

4. Docs not align with the NFPA 805 Chapter 4 methods for meeting the nuclear safety
performance criteria in NFPA 805 Section 1.5 and cither can or cannot be evaluated
under the CLB. Items outside the CLB would be evaluated using risk-informed,
performance-based methods as part of the transition review.

Differences identified during the firc arca by fire arca transition review must be reconciled prior
to transition to a new risk-informed, performance-based licensing basis. Items that can be
addressed within the bounds of the CLB prior to the transition (i.e., by performance of a Generic
Letter 86-10 evaluation) should be addressed and documented as part of the transition process.
Differences that cannot be resolved within the bounds of the CLB may also be resolved by
changing the plant/program to align with the NFPA Chapter 4 deterministic methods for meeting
the nuclear safety performance criteria in NFPA 805 Scction 1.5.

Guidance on the performance of the NFPA 805 Chapter 4 reviews is provided in the tables in
Appendix B-2 of this guidance.

4.3.3 Non-Power Operational Modes Transition Review

The nuclear safety goal of NFPA 805 requires the evaluation of the effects of a fire “during any
opcrational mode and plant configuration”. The concept of protection of equipment from the effects
of fire during plant shutdown conditions is discussed in NUREG-1449. In general, the underlying
concems arc the differences between the functional requirements (i.e. different (or additional) set of
systems and components) and time dependencies on decay heat removal system operation during
non-power operations and full power operations. The current industry approaches for evaluating
risk during shutdown conditions involves both quantitative and qualitative assessments and is bascd
on NEI 93-01 and NUMARC 91-06.

To demonstrate that the nuclear safety performance criteria are met for High Risk Evolutions
(HREs as defined by NUMARC 91-06) during non-power opcrational modes, the following
stratcgy is recommended:

» Review existing plant outage processes (outage management and outage risk assessments) to
determine equipment relied upon to provide Key Safety Functions (KSF) including support
functions. Each outage evolution identifies the diverse methods of achieving the KSF. For
example to achieve the Decay Heat Removal KSF a plant may credit DHR Train A, DHR
Train B, HPI Train A, HPI Train B, and Gravity Feed and Chemical and Volume Control.
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= Identify locations where 1) fires may cause damage to the equipment (and cabling) credited
above, or 2) recovery actions credited for the KSF are performed (for those KFSs that are
achieved soley by recovery action i.c., alignment of gravity feed).

= Identify firc arcas where a single fire may damage all the credited paths for a KSF. This may
include firc modeling to determince if a postulated fire (MEFS — LFS) would be expected to
damage required equipment.

= For those arcas consider one or more of the following options to mitigate potential fire

damage depending upon the significance of the potential damage:

o Prohibition or limitation of hot work in firc arcas during periods of increcased
vulncrability

o Verification of opcrable detection and /or suppression in the vulnerable arcas.

o Prohibition or limitation of combustible materials in fire areas during periods of increased
vulnerability

o Provision of additional fire patrols at periodic intervals or other appropriate
compensatory measures (such as surveillance cameras) during increased vulnerability

o Use of recovery actions to mitigate potential losscs of key safety functions.

o ldentification and monitoring insitu ignition sources for “fire precursers” (e.g., cquipment
temperatures).

It is important to note that shutdown PRAs do not exist at this time.

Appendix F provides examples of this process and the documentation requirements anticipated.

4.3.4 Radioactive Release Transition Review

Indcpendent of whether the deterministic or risk-informed, performance-based option is chosen;
a licensee must also show that the fire protection goals, objectives and criteria arc met as they
rclate to potential radioactive release scenarios. Therefore, licensees must now evaluate fire
risks and fire protection for various scenarios (not involving fuel damage) that could lead to
radioactive release to an unrestricted area.

The treatment of radiological relcase to any unrestricted arca due to fire is focused on potential
radioactive release due to potential fuel damage and fire fighting activities:

» The Nuclear Safety Goal, Objectives, and Performance Criteria all require the prevention of
fuel cladding damage. As such, radiological releasc due to fucl damage should not requirc a
scparate examination since no such damage is assumed to occur without violating the basic
requirements of NFPA 805. This effectively limits the source of radiation (release source
term). Therefore, containment integrity should not require specific examination. This means
the scope of the firc protection analyses need not be expanded to include all containment
isolation valves.

= The potential for radiological release due to fire fighting activities should be addressed via

firc pre-plans. The objective is to address the potential for the loss of boundary control for
contaminated spaces
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Refer to Appendix G for examples of this process and the documentation requirements
anticipated.

4.4 Licensing Basis Transition - Change Evaluations

It is expected that a plant change evaluation performed as part of the transition to a new licensing
basis would be limited to cases where the nuclear safety performance criteria are not met and arc
outside of the CLB, although there may be instances where risk-informed, performance-based
methods could be used in a license amendment request to demonstrate conformance with criteria
in NFPA 805 Chapter 3 criteria. The scope of plant change cvaluations as part of the licensing
basis transition is limited because:

1. An evaluation of fircs originating in non-power opcrational modes would typically not
exist prior to transition to a new licensing basis. Thercfore, there would be no basis for
measuring or determining the acceptability of a “change.”

2. An evaluation of the impact of fire on radioactive release would typically not exist prior
to transition to a new licensing basis. Therefore, there would be no basis for measuring
or determining the acceptability of a “change.”

Refer to Appendix I of this document for additional guidance on risk-informed, performance-
based change evaluations.

After the transition, changes to a plant Fire Protection Program are likely to occur during the
course of plant life. These changes can involve cither physical components of the plant or
specific details of the fire protection program. The need to perform a Change Evaluation can
arisc through a number of events or conditions.

1. An in-situ condition could be discovered that is inconsistent with the new Licensing
Basis. A Change Evaluation can be performed to determine if the in-situ condition can
rcmain and be treated as an acceptable change to the fire protection program.

2. A plant modification could be proposed that requires altering the fire protection program
features in order to implement the modification in a cost-effective manner. A Change
Evaluation can be performed to examine a number of proposed alternatives to develop an
optimal acceptable configuration.

3. A programmatic change in the fire protcction program may alter a feature that has been
explicitly or implicitly incorporated into the Licensing Basis (CLB pre-transition or
NFPA 805 Licensing Basis post-transition). A feature that forms the basis for the
acceptance of an exemption or deviation (i.e., specific reference to a response by the fire
brigade) would represent implicit incorporation into the Licensing Basis. A Change
Evaluation is required in this case to determine if this modification is acceptable.

The traditional fire protection regulatory framework includes requirements for the evaluation of
such changes for acceptability under the fire protection standard license condition. The
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transition from this regulatory framework to a risk-informed, performance-bascd approach for
firc protection would retain this requirement in the form of a Change Evaluation, but would
modify the acceptance criteria. A review of the NFPA change evaluation process and
comparison between it and the traditional process shows that the principal difference between the
traditional and NFPA change evaluation process is the considcration of risk.

The plant change cvaluation criteria arc established by Sections 2.2.9 and 2.4.4 of NFPA 805.
NFPA 805 Scction 2.2.9 addresses changes to previously approved fire protection program
clements. A risk-informed, performance-based plant change evaluation is to be performed and
the results are to be used as described in Section 2.4.4 of NFPA 805. Each change must be
shown to cnsure that the public risk associated with fire-induced nuclear fuel damage is low and
that adequate defense-in-depth and safety margins arc maintained.

Section 2.4.4 overlaps somewhat with Section 2.2.9. It states that:

A plant change evaluation shall be performed to ensure that a change to a
previously approved fire protection program element is acceptable. The
evaluation process shall consist of an integrated assessment of acceptability of
risk, defense-in-depth, and safety margins. [NFPA 805, Section 2.4.4]

Additional details arc provided in Sections 2.4.4.1, 2.4.4.2, and 2.4.4.3 of NFPA 805.

= Section 2.4.4.1 requircs the change in public health risk from any plant change be
acceptable to the NRC as demonstrated by the change in Core Damage Frequency (CDF)
and Large Early Release Frequency (LERF). The NRC already has established acceptable
changes to the CDF and LERF in Regulatory Guide 1.1.74. Specifically, these criteria
should be applied to show that the public health risk associated with fire-induced nuclear
fuel damage related to the change is low. :

= Scctions 2.4.4.2 and 2.4.4.3 for defense-in-depth and safety margin simply repcat the
criterion in Section 2.2.9 requiring the adequate maintenance of these factors. Criteria
complying with these requirements also are provided in Regulatory Guide 1.1.74 and this
guidance. Note that sections 2.4.4.2 and 2.4.4.3 also indicate that these requircments shall
be deemed to be satisficd by complying with the deterministic approach for meeting the
performance criteria.

These NFPA 805 provisions show, in a general way, that the plant Change Evaluation is similar
to that already requircd under the traditional regulatory framework. The traditional regulatory
framcwork allows for changes to be made to the plant under processes such as 10 CFR 50.59,
firc protection standard license condition, the exemption process under 10 CFR 50.12, or other
regulatory processes. In addition to technical acceptability, a key consideration in the traditional
rcgulatory framework was the need for prior NRC approval. NEI 02-03, “Guidance for
Performing a Regulatory Review of Proposed Changes to the Approved Fire Protection,”
provides a generic regulatory review process that may be used to determine if a change to the
approved fire protection program can be made without prior NRC approval. NRC approval is
gencrally not required if the ability to achieve and maintain safe shutdown is not adversely
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impacted. Under the risk-informed, performance-based regulatory framework, changes will
generally be made without prior NRC approval, unless other regulatory processes (i.e., Technical
Specifications) require it or unless safe shutdown is adversely impacted.

The key difference in the change process under risk-informed, performance-based rcgulatory
framcwork is the consideration of risk. The evaluation of risk is limited to the determination of
whether an increase has occurred, and if so, whether the increase is within acceptable limits. The
Change Evaluation process involves the comparison of a baseline condition or configuration
against a proposed alternative.

1. The baseline is defincd as that plant condition or configuration that is consistent with the
Licensing Basis (CLB pre-transition or NFPA 805 Licensing Basis post-transition).

2. The changed or altered condition or configuration that is not consistent with the
Licensing Basis is defined as the proposed alternative.

In all instances, maintaining the plant in a condition (configuration) consistent with the Licensing
Basis (CLB pre-transition or NFPA 805 Licensing Basis post-transition) eliminates the need for
a Change Evaluation. A Change Evaluation is also not required if the proposed change complies
with the deterministic requircments of NFPA 805, Section 4.2.3. However, both types of
changes would still require an evaluation of the maintenance of defense-in-depth and safety
margin.

The Change Evaluation process begins by defining the change to be examined and the baseline
configuration as defined by the Licensing Basis (CLB pre-transition or NFPA 805 Licensing
Basis post-transition). A screening is then performed to identify and resolve minor changes to
the fire protection program. This screening is consistent with fire protection regulatory review
processes in place at nuclear plants under traditional licensing bases. This is followed by
engineering evaluations that may include fire modeling and risk assessment techniques. The
results of these evaluations are then compared to the acceptance criteria. Changes that satisfy the
acceptance criteria can be implemented. Changes that do not satisfy the acceptance criteria of
NFPA 805 Section 2.4.4.1 cannot be implemented within the framework provided by NFPA 805.
The acceptance criteria require that the resultant change in CDF and LERF be consistent with the
requirecments of Regulatory Guide 1.174. The acceptance criteria also include consideration of
defensc-in-depth and safety margin, which would typically be qualitative in nature, but
depending on the application, could be measured using quantitative methods (i.c., safety factors,
margins, etc.). :

The following sections provide a discussion of the Change Evaluation Process, the integration of
firc modeling and risk assessment techniques, and the determination of the acceptability of the
change.

4.41 Overall Change Evaluation Process

The overall Change Evaluation process involves a graded and potentially iterative process. The
intent of the graded approach is to provide analysis flexibility to address a wide range of issues
and conditions. 1t also provides the mechanism to recognize and incorporate the diverse set of
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plant fire risk analyses in the industry. In gencral, the Change Evaluation process focuses on
performing those Engineering Analyses needed to establish the acceptability of the change.

The overall Change Evaluation process is shown in Figure 4-4. A summary discussion for each
process step follows the figure.

C Change Evaluation Process )

I Kentfy/Define Change |

License NFPA
Amendment  |4-Yes Chapter 3
Request Requirement? Change Definition
Evaluate DID and
Safety Margin Yes
No
h 4
Frefiminary
Assessment
|
1 ls = hiial Risk
@ nitial Fire Modefing Assessment oo 1% 220 (T o))

Target Damage Initial Assessment
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| Combined ACDF/aLl
No I Analysis ¢ No ok?

MEFS <<LFS?

Change Not H H
Acoetable Detailed Analysis

A
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Yes P gk Yes

Documentation
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¥
DONE .
Document Analysis

Figure 4-4
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Identify/Define Change — It is important to identify the applicable Licensing Basis (CLB
pre-transition or NFPA 805 Licensing Basis post-transition) related parameters and the
discrepancy or inconsistency that is causing the need for the Change Evaluation.

Fundamental Program Element or Minimum Design Requirement Affected? —10 CFR
50.48(c)(2)(v) allows licensees to use performance-bascd methods to demonstrate
compliance with NFPA 805 Chapter 3 requirements. These alternate methods must be
approved via the license amendment process (10 CFR 50.48(c)(4)).

Deterministic Criteria Met? — The requirements of NFPA 805 include a deterministic
approach with associated acceptance criteria. If the change being evaluated involves the
consideration of new plant system components, functions, or features not previously credited, -
or otherwise involves changes, that results in at least one success path meeting the
deterministic requirements of NFPA 805, Section 4.2.3, then no further analysis is required
and the change can be accepted.

Preliminary Assessment — An initial assessment of the change should be performed to
determine the need for and nature of engineering analysis that may be necessary to support
the change. For routine minor changes, this is the step where engineering judgment would be
applied and the need for formal engineering analyscs would be determined. For more
complex changes, an asscssment would be made of whether a fire modeling approach alone,
or a risk asscssment approach alone would be successful. The path that is expected to most
casily demonstrate the acceptability of the change should be the only path taken. If neither
approach is expected to succeed alone, then the analysis should begin with the risk
assessment or proceed directly to the detailed integrated analysis.

Initial Fire Modeling — Firc modeling analyses arc applied to examine the response of the
“target” identified in the change definition given fire conditions. Refer to Appendix D of this
document for guidance on the preparation of firc modcling analyses. The target is defined as
the plant feature being examined by the Change Evaluation. This may be a physical feature
such as a cable or a characteristic of the analysis such as a specific failure mode.

Target Damage Occurs? — The fire modeling analysis must define and evaluate a postulated
scenario involving the Maximum Expected Fire Scenario (MEFS). If target damage is
predicted to occur, fire modeling alone will not be sufficient to demonstrate the acceptability
of the change.

MEFS<<LFS? — The performance of fire modeling involves a degree of uncertainty. This
uncertainty is addressed indirectly by the determination of the Limiting Fire Scenario (LFS).
A comparison of MEFS and LFS is used to determine if a sufficient margin exists. If
sufficient margin exists, then fire modeling alone can be uscd to demonstrate the
acceptability of the change. This approach eliminates the need for risk assessment because it
effectively demonstrates that target damage does not occur.

Initial Risk Assessment — An initial risk assessment can be performed using the existing
available plant fire risk analysis, IPEEE, or the plant internal cvents PRA model. The
analysis would simply determine the change in the calculated core damage frequency (CDF)
with and without the postulated fire induced failure of the plant feature being examined by
the Change Evaluation.

Revision E 4 39



* Acceptability Determination — The resulting change CDF is compared against the
acceptance criteria (refer to Section 4.4.2). If the change meets the acceptance criteria, then a
risk assessment alone can be used to demonstrate the acceptability of the change. This
approach eliminates the need for fire modeling because it biases the analysis by assuming
target damage occurs due to fire and there is no limit on fire severity assumed in the
evaluation. As part of the acceptability determination, defensc-in-depth and safety margins
must be maintained.

e Combined Analysis — In the event neither approach alone is sufficient to demonstrate the
acceptability of the change, a detailed combined analysis can be performed using fire
modcling and risk assessments. This is discussed further in Appendix 1.

4.4.2 Acceptance Criteria

The acceptance criteria for the Change Evaluation consist of two parts. One is quantitatively
based and the other is qualitatively based. The quantitative figurcs of merit arc ACDF and
ALERF. The qualitative factors are defense-in-depth and safety margin.

4.4.2.1 Quantitative Risk Acceptance Criteria

The acceptance criteria for a risk increase are taken from Regulatory Guide 1.174. The critcria
from the regulatory guide are depicted in Figures 4-5 and 4-6 and are a function of the total
calculated CDF and LERF for the plant.

The figures show that the calculated cumulative risk for the plant from all initiators can affect the
allowed risk increase for a particular proposed change. In some instances, the risk increasc for a
particular proposed change must be combined with that of prior accepted changes to obtain a
cumulative increase. Since the potential exists that cumulative changes, while individually
acceptable, may at some point in the future aggregate to an unacceptable value, it is important to
be awarc of and track, in some instances, proposed changes that have a net risk reduction. The
acceptance criteria from Regulatory Guide 1.174 arc based on three regions with a fourth
implicit region. These regions are described below.

Region | ACDF /yr | ALERF /yr Status Comments/Conditions

| 21.0E-05 | 21.0E-06 | Unacceptable | Proposed changes in this region are not acceptable.

I < 1.0E-05 | <1.0E-06 Acceptable | Proposed changes in this region are acceptable

and 2 and 2 w/ conditions | provided the cumulative total CDF from all CDF
1.0E-06 1.0E-07 initiators is less than 1.0E-04/yr. Cumulative effect of
changes must be tracked and included in subsequent
changes.
n <1.0E-06 | <1.0E-07 Acceptable | Proposed changes in this region are acceptable
and 2 and 2 w/ conditions | provided the cumulative total CDF from all initiators is
1.0E-07 1.0E-08 less than 1.0E-03/yr. Cumulative effect of changes

must be tracked and included in subsequent changes.

v <1.0E-07 | <1.0E-08 Acceptable | Proposed changes in this region are acceptable
regardiess of the cumulative total CDF from all
initiators. Tracking of these changes is not required.
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Region 1V is not actually depicted in the figures, but represents the arca with lower ACDF and
ALEREF values than shown on the figures.
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Figure 4-5 — ACDF Acceptance Criteria
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Figure 4-6 — ALERF Acceptance Criteria

The CDF and LERF values shown on the horizontal axis of Figures 4-5 and 4-6 are cumulative
valves for the plant from all initiators. This consists of both internal and external hazards. The
plant PRA should provide the CDF for the internal hazards (transients, loss of coolant accidents,
loss of offsite power, etc.). The same should be applicable for LERF. The external hazards
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include fire and seismic. However, the CDF and LERF contributions from these external
hazards may not be readily available.

If the CDF and/or LERF due to external hazards is not available or is otherwisc not known, then
the ACDF and ALERF for a proposcd change must be limited to 1.0E-07/yr., and 1.0E-08/yr.,
respectively. An increase in these values is possible if there is reasonable assurance that the
plant risk is in Region II or III with fire and seismic risk included. If an increased value is used,
a basis or justification must be developed and documented. If an existing Firc PRA or IPEEE is
available, it should be used to obtain a fire-induced CDF and LERF contribution for the plant.

It is recognized that LERF values may not be available for a Fire PRA. Instead, qualitative
assessments may have been performed to justify impacts being alrcady bounded by the existing
analyses performed for the internal hazards. In these instances, there are two options for
proceeding.

The ALERF acceptance criterion can be used in licu of the ACDF value. This effectively
structures the analysis to “allow” a conditional probability of containment failure of 1.0.
Alternatively, a supplemental assessment can be performed for the containment isolation
function. If the fire-induced consequences do not disable the containment isolation function,
then the ALEREF criterion can be considered satisfied.

4.4.2.2 Defense-in-Depth and Safety Margins

The result of the proposed change must also satisfy defensc-in-depth and safety margin
considerations. In general, the defense-in-depth requirement is satisficd if the proposed change
does not result in a substantial imbalance in:

= Preventing fires from starting
= Detecting fires quickly and suppressing those that occur, thercby limiting damage
= Providing adequate level of fire protection for structures, systems and components important
to safety so that a fire that is not promptly extinguished will not prevent essential plant safety
. functions form being performed

NEI 00-01 provides the following guidance with respect to maintaining defense-in-depth:

“Consistency with the defense- in-depth philosophy is maintained if the following acceptance
guidelines, or their equivalent, are met:

1. A reasonable balance among prevention of fires, early detection and suppression of fires,
and fire confinement is preserved.

2. Over-reliance and increased length of time or risk in performing programmatic activities
to compensate for weaknesses in plant design is avoided.

3. Pre-fire nuclear safety system redundancy, independence, and diversity are preserved
commensurate with the expected frequency and consequences of challenges to the system
and uncertainties (e.g., no risk outliers). (This should not be construed to mean that more
than one safe shutdown train must be maintained free of fire damage.)

4. Independence of defense- in-depth elements is not degraded.
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5. Defenses against human errors are preserved.

It should be noted that all elements of fire protection DID may not exist for beyond design
basis fire scenarios. For example, a CDP of 1.0 is possible if enough fire barriers are
breached. Such beyond design basis scenarios, however, should be demonstrated to be of less
risk significance, with certainty. A scenario with all elements of DID, and a CDF of 9E-
08/year would be treated differently than a scenario with a CDP of 1.0, and a CDF of 9E-
08/year. In the end, the balance results in consideration of all aspects of the component
combination, including the Risk, DID, Safety Margins, uncertainty, and other relevant
issues.”

The application of the NEI 00-01 guidance requires particular care when considering the LFS
casc. The LFS is a step in the NFPA 805 review process and may not represent a possible or
credible fire scenario. A qualitative review of DID for the LFS case should focus on the
dcgradation and failures that arc necessary in order for the LFS to occur. The elements of DID
that should be examined include a) preventing fires from starting, b) detecting and suppressing
the fire, and c) any residual barriers related the Nuclear Safety Performance Criteria. The level
of rigor in the review should consider the possibility of the occurrence of the LFS and the degree
to which the traditional expected balance in all element of DID have been degraded. Instances
where the LFS involves a possible event would require greater balance in the clements of DID as
comparcd to an impossible (incredible) event.

The safety margin requirement is satisfied if:

= Codes and standards or their alternatives approved for usc by the NRC are met, and
» Safety analysis acceptance criteria in the licensing basis (e.g., FSAR, supporting analyses)
arc met, or provides sufficient margin to account for analysis and data uncertainty.

The requircments related to safety margins for the change analysis is described for each of the
specific analysis types used in support of the fire risk assessment. These analyscs can be
grouped into four categories. These categories are:

1. Fire Modeling

2. Plant System Performance
3. PRA Logic Model

4. Miscellaneous

Fire Modeling

The quantitative margin between the parameters describing the MEFS and the LFS and the
process of judging the adequacy of that margin is the required safety margin consideration. The
guidance for performing firc modeling provided Appendix I (Section 1.4) provides an initial
quantitative mecasure of adequacy. The level of review to be performed as part of the safety
margin trcatment considered here involves the integration of that quantitative margin with the
potential consequences of the upset, or damage, that may occur given the LFS. The acceptability
of the margin between MEFS and LFS needs to be judged in the context of the potential scverity
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of the resulting plant system impact if an LFS were to occur. An LFS that causcs an inicr-systcm
loss of coolant accident (ISLOCA) event would tend to demand a higher margin between MEFS
and LFS as compared to an event to causes a degradation of long term decay heat removal.

Plant System Performance

The development of the fire risk assessment may involve the re-examination of plant system
performance given the specific demands associated with the postulated fire event. The methods,
input parameters, and acceptance criteria used in these analyses needs to be reviewed against that
used for the plant design basis cvents. This review would scrve to establish that the Safety
Margin inherent in the analyses for the plant design basis cvents have been preserved in the
analysis for the fire event and thercfore satisfy the requirements of this section.

PRA Logic Model

The quantification for fire related CDF/LERF is expected to have been based on the plant PRA
model. 1f no modifications to the underlying logic structure of the model and failure
probabilities have occurred, then the Safety Margin inherent in that modecl is preserved. In this
case, no further assessment for Safety Margin is necessary for this category.

Miscellaneous

This category is intended to address any other analyses that may have been performed that have
not been addressed by the prior categories. Since the types of analyses in this category are
varied, specific analysis guidance cannot be provided. Instead, the general requirements related
to codes and standards, and acceptance criteria stated carlier must be addressed in the analysis
documentation.

4.4.2.3 Uncertainty Considerations

Regulatory Guide 1.174 describes two types of uncertainty. These are aleatory and epistemic.
Aleatory uncertainty is intrinsic, meaning that it is an irrcducible uncertainty of the probabilistic
phenomenon itsclf. This is also called process uncertainty and is random in naturc. Random
variables that exhibit aleatory uncertainty are considered to be independent and without
correlation. Epistemic uncertainty, on the other hand, refers to a lack of knowledge. It can be
further divided into modeling uncertainty (c.g., validity and accuracy of the model) and
parameter uncertainty. Two variables with epistemic uncertainty that are derived from the same
sources are considered to be 100% correlated. A decomposition of the sources of uncertainty into
aleatory and epistemic unccrtaintics for each variable can provide the means for assessing the
global correlation between these variables.
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The treatment of aleatory, and to some degree epistemic, uncertainty can be graded based on the
specific ACDF and ALERF results versus the bounding or limiting values for the associated
Region in Figures 4-5 and 4-6. The importance of uncertainty becomes greater as the results
approach the limiting valuc for a region. A proposed change that results in a Region 1V
characterization based on a ACDF of 9E-08/yr. should be examined much more critically than a
Region I1I characterization based on a ACDF 2E-07/yr. The trcatment of aleatory uncertainty
specific to the Firc PRA can be minimized to a degree by the use of bounding or conservative
values in the analysis. Alternatively, results approaching a region boundary can be treated based
on the requirecments of the more restrictive region.

The use of excessively conservative values in the Fire PRA has the negative impact of producing
results that arc not directly comparable to other PRA results and should not necessarily be
included in plant total CDF characterization. In general, the CDF values from the internal events
PRA which are developed based on best estimate values should not be intermingled with results
bascd on conservative (upper bound) values. Such intermingling could inadvertently skew the
focus of the overall plant risk analysis to be incorrectly biased by only firc related considerations.
However, they can be combined if done solely for the purposes of the Change Evaluation.

The treatment of epistemic uncertainty includes factors that arc not effectively addressed by the
approach described above. These are model and completeness uncertainty. Model uncertainty
specific to the fire initiator can be address indirectly by qualitatively assessing the initiating
event used for quantification versus the anticipated initiating event given the fire event. In many
instances, analyscs treat all fires as resulting in a plant trip (general plant transient). This by
itself could be sufficient to address model uncertainty for many events. The deterministic failure
of non-credited plant systems could be another mechanism for addressing model uncertainty. In
general, model uncertainty becomes a greater concern as the suite of plant system credited in the
fire risk analysis approaches the full complement of systems in the plant.

Completeness uncertainty is treated indirectly by the approach described above. Further explicit
trcatment of this source of uncertainty is judged to be beyond the current state of technology.

4.5 Licensing Basis Transition - Program Documentation and
Maintenance

4.5.1 Program Documentation and Quality Assurance

As part of the transition review, fire protection program documentation must be reviewed to
ensure that the program is adequately documented to support the transition to a new licensing
basis. This review is not intended to be a design basis reconstitution, but rather a review to
cnsure that the program documentation used to define the “going forward” licensing and design
basis is adequate and of sufficient quality. Documentation identified during the reviews that are
not of sufficicnt quality or that lack configuration control should be updated to mect the
requircments contained in Section 2.7 of NFPA 805. The transition process should be used to
summarize and categorize program documentation in a manner that facilitates the long-term
maintenance of a risk-informed, performance-based program.
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Refer to Section 5 of this guidance for additional information on program documentation,
configuration control, and quality assurance.

4.5.2 Configuration Control

A requirement for maintaining current program documentation is consistent with expectations
and requircments under a traditional regulatory framework. It is not expected that any major or
fundamental changes in plant processes would be required. Documentation created as part of the
transition and maintenance of a risk-informed, performance-based would need to be incorporated
into existing plant programs.

4.5.3 Monitoring

Other risk-informed, performance-based attributes include the establishment of a monitoring
program, as discusscd in Section 2.6 of NFPA 805. This includes cstablishing acceptable levels
of availability, rcliability, and performance levels, and ensuring that processes are in place to
take corrective actions when established thresholds are not met.

The intent of the monitoring transition cffort is not to establish new detailed programs that define
numerical values for reliability and availability for fire protection systems and features. Instead,
the transition review should be performed as a confirmation of the adequacy of the existing
surveillance, testing, maintenance, and compensatory measures. The adequacy of existing plant
programs is sufficient to allow a transition to a new licensing basis without extensive changes.
The scope of the review addresses the adequacy of existing internal and external fire protection
oversight and plant corrective action programs. This review should consider:

1. The adequacy of the scope of systems and cquipment within existing plant programs (i.c.,
are important firc protection systems and features adequately inspected and tested, and
arc compensatory measures appropriate).

2. The adcquacy of the plant corrective action program in determining causes of equipment
and programmatic failures and in minimizing their recurrence.

3. The system and equipment availability should equal or exceed the availability assumed in
the risk asscssment.

Deficiencics identified during the monitoring transition review should be corrected and updated
as part of the licensing basis transition. Refer to Appendix E of this guidance for additional
guidance on monitoring.

4.6 Regulatory Submittal and Transition Documentation

Three documents should be prepared to support the transition to compliance with NFPA 805.
They are:

(1) A Letter of Intent to be sent to the NRC before beginning the transition process
(discussed in Section 4.2.2)

(2)  The License Amendment Request (LAR) required by 10 CFR 50.48(c)(3)(i); and

(3) A Transition Report that details the new licensing basis and how it was derived from the
current fire protection licensing basis.
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The LAR is required to address regulatory requirements and may also include alternative
methods and analytical approaches. The Transition Report will not be submitted to the NRC but
will be used on-site to support inspections. However, the first few plants which transition to the
NFPA 805 licensing basis may be requested to submit a Transition Report summary which
describes the transition process and how compliance with the new requircments was
demonstrated.

4.6.1 License Amendment Request

The contents of the LAR are established by 10 CFR 50.48(c)(3)(i) and 10 CFR 50.48(c)(4), if
necessary. The contents of the LAR will depend on how the licensee intends to demonstrate
compliance with NFPA 805. If the licensee determines that it can demonstrate compliance with
NFPA 805 by using only the methods and analytical approaches contained in NFPA 805, then a
simple, regulatory requirements license amendment will suffice. Alternatively, if the licensee
determines that it must use alternative methods and analytical approaches from those in NFPA
805 to demonstrate compliance, then a more substantive license amendment will be required.
The differences between the two types of license amendments are described in detail below.

The LAR should be developed in accordance with the plant’s processes for all LARs under 10
CFR 50.90. The minimum regulatory requirements to be addressed in the LAR are established
in 10 CFR 50.48(c)(3)(i). It requires the licensee to:

)] Identify all orders and licensc conditions that will need to be revised or superseded;

2) Identify all of the Technical Specifications that must be revised; and

3) Provide the proposed Technical Specification revisions as well as the supporting bases
for them.

The acceptance criteria for granting such a LAR are:

(1)  That the licensee has identified all of the orders, license conditions and technical
specifications that must be revised or superseded, and
(2)  That the proposed revisions are adequate.

NRC acceptance of a licensee’s transition LAR rests on the complcteness of the licensee’s
identification of any orders and license conditions that must be revised or superseded, as well as
the adequacy of any revisions to the plant’s technical specifications and their bases suggested by
the licensee. Thercfore, to demonstrate to the NRC that the LAR is complete and adequate, it
should describe the process used by the licensee to identify all orders and license conditions that
must be revised or superseded and justify all revisions to the Technical Specifications and their
bascs.

To satisfy 10 CFR 50.48(c)(3)(i), the LAR should include the following key components:

= A description of the process used to identify all orders, license conditions, and Technical
Specifications and their bases that must be revised or superseded to implement compliance
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with NFPA 805. This will provide assurance to the NRC that the LAR addresses all of the
changes the plant will necd to adopt NFPA 805.

The Technical Specifications to be revised or superseded (including their bases), necessary
changes to the Technical Specifications and their bases, and explanations of why these
changes arc adequate to accomplish the plant’s adoption of NFPA 805.

The firc protection license conditions to be revised or superseded, a new license condition
authorizing the use of the new fire protection licensing basis, and an explanation of why
these revisions are adequate to accomplish the plant’s adoption of NFPA 805.

The orders and exemptions to be revised or superseded, the nccessary revisions to orders and
cxemptions, and an explanation of why these revisions arc adequate to accomplish the plant’s
adoption of NFPA 805.

A finding of no significant hazards consideration and an environmental impact assessment
finding no significant impact on the environment based on the NRC’s discussion in the
Statement of Consideration accompanying the rule.

A discussion of the changes to Updated Final Safety Analysis Report (UFSAR) necessitated
by the license amendment and a statement that the changes will be made in accordance with
10 CFR 50.71(e).

Whether modifications are necessary to support the new licensing basis and, if so, a brief
description of the modifications.

An updated transition schedule that provides a basis for a request for NRC approval by a

" particular date.

A LAR is required for any licensce proposal to use alternative methods and analytical
approaches to demonstrate compliance with NFPA 805(10 CFR 50.48(c)(4)). Where a licensee
proposcs to usc an alternative method and analytical approach to support the transition to
compliance with NFPA 805, that LAR may be incorporated in the LAR required under 10 CFR
50.48(c)(3)(i). Each request will need to be supported with the type of technical analysis that the
station’s procedures require to be provided for any substantive LAR. In addition, to demonstrate
compliance with 10 CFR 50.48(c)(3)(i), the LAR must show that the alternative method and
analytical approach meets the following requirements in 10 CFR 50.48(c)(4):

Satisfies the goals, performance objectives, and performance criteria in Section 1.5 of NFPA
805 for nuclear safety and radiological release

Maintains safety margins

Maintains fire protection defense-in-depth by demonstrating an acceptable balance among
fire prevention, firc suppression, and post-firc safe-shutdown capability.

A sample LAR is included in Appendix H.
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A Safety Evaluation Report on a license amendment request is the vehicle that the NRC uses to
document that the licensee has satisfied the submission requirements of the NFPA 805 fire
protection rule. This SER will not necessarily document that a reactor plant is in compliance
with NFPA 805 per sc, a subject that will be addressed during the tricnnial fire inspections.

4.6.2 Transition Report

The Transition Report is created by the licensee to provide a clear, complete, and accurate
description of the new fire protection licensing basis, how it is related to the current fire
protection licensing basis, and how it demonstrates compliance with NFPA 805. The NRC can
use the Transition Report to support its compliance determination under 10 CFR 50.48(c)(3).
Thercfore, the Transition Report should reflect the detailed, thorough process used by the
licensec to transition the licensing basis. This will enable the Transition Report to serve not only
as a record of the transition but also as a management control tool for ensuring that the transition
completely addresses all new fire protection requirements.

The Transition Report should include the following:

¢ Executive Summary
Introduction and background information on the transition
e Overview of the existing fire protection program
» Current fire protection licensing basis
» Applicable regulatory requirements
e Discussion of the transition process
> License amendment request and license amendment
» Implementation of Section 2.2 of NFPA 805
e Decmonstrations of compliance with NFPA 805 requirements
» Fundamental fire protection program elements and minimum design requirements
» Comparison against nuclear safety performance criteria
o Circuit analysis methodologies
o Associated circuit methodologies
o Equipment and cable location methodologics
o Fire arca asscssments

» Non-power operational modes assessment

» Radioactive rclease performance criteria

» Monitoring

> Program documentation, configuration control, and quality assurance
» Administrative implementation

Personnel qualifications
e Dcfense-in-depth and safety margins
e Compliance with NFPA 805 Goals and Objectives
> These compliance statements will be based on a “roll-up” of the demonstrations of
compliance with the underlying performance criteria.

v

A dectailed Transition Report template is included in Appendix H.
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5.0 PROGRAM MAINTENANCE AND CONFIGURATION CONTROL

The purpose of this section is to provide guidance on fire protection program maintenance and
configuration control following the transition to new licensing basis.

5.1 Program Documentation, Configuration Control, and Quality
Assurance

5.1.1 General Guidance for Program Documentation

As part of the transition, the fire protection program must be adequately documented to support
the transition to a new licensing basis, as discussed in Scction 4.

Following the transition, a risk-informed, performance-based fire protection program must be
supported by appropriate documentation, maintained under configuration control and quality
assurance processes. Rather than create new, restrictive processes for program documentation
the intent is to ensure that basic documentation, configuration control, quality requirements and
practices that are part of a nuclear power plant are reflected in the fire protection program, and
that any ncw analyses or program documents are covered by the existing programs.

As part of the transition review, program documentation must be reviewed to ensure that the
licensing and design basis meet the prerequisite requirements for transition and that any outliers
arc addressed. The transition process will summarize and categorize program documentation in
a manner that facilitates the long-term maintenance of a risk-informed, performance-based
program.

5.1.1.1 Program Documentation

Section 2.7.1 of NFPA 805 requires that analyses be documented to demonstrate compliance
with NFPA 805. The intent of the documentation is that the assumptions be clearly defined and
that the results be easily understood, that results be clearly and consistently described, and that
sufficient detail be provided to allow future review of the analyses. The documentation must be
retained for the life of the plant.

A firc protection program design basis document is discussed in Section 2.7.1.2 of NFPA 805.
This does not imply or require a rigid document format or structure, as discussed in Section
A.2.7.1.2. The term “design basis document” does not mean the firc protection program is
required to be documented as part of the plant’s design basis document program, which has
specific requirements and meaning at individual sites. The design basis document, as described
in NFPA 805, may be included in different forms, such as:

= Traditional design basis documents (DBDs)

* Analyses and Reports (i.c., fire hazards analysis, safe shutdown analysis)
= (Calculations

» Correspondence
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Scction A.2.7.1.2 of NFPA 805 describes the following information that should be included or
referenced to as part of the fire protection design basis:

Plant construction — This information is typically included in a plant firc hazards analysis or
fire barricr analysis in the current “deterministic” fire protection program.

Identification of hazards — This information is typically included in a fire hazards analysis
in the current “deterministic” fire protection program.

Fire protection systems and equipment — This information is typically included in a firc
hazards analysis in the current “deterministic” fire protection program.

Nuclear safety equipment — This information is typically provided in a safe shutdown
analysis in the current deterministic fire protection program. Any other cquipment/system
impacts resulting from a risk-informed, performance-based approach would supplement the
existing safe shutdown equipment.

Radioactive release prevention equipment — Due to the focus on basic plant design,
prevention of corc damage, and fire fighting planning as the primary methods of preventing
radioactive release, it may not be necessary to include a listing of equipment, per sc. Instead,
the methods of ensuring that the radioactive release performance criteria from Scction 1.5 of
NFPA 805 should be documented and maintained. Any arca-spccific considerations
pertaining to prevention of radioactive release should be documented (i.e., specific fire-
fighting strategics that minimize radioactive release).

Life safety considerations (outside the scope of this implementing guidance)
Plant damage and plant downtime (outside the scope of this implementing guidance)

Fire scenarios - The LFS and MEFS established for application in a performance-based
analysis should be documented. This documentation should define the fire scenarios
established and reference any engineering calculations, fire modeling calculations, or other
cngineering analysis that was prepared to demonstrate satisfactory compliance with
performance criteria for each area.

Achievement of performance criteria — Achievement of the applicable performance criteria
should be documented.

5.1.1.2 Configuration Control

Section 2.7.2 of NFPA 805 states that:

“The design basis document shall be maintained up-to-date as a
controlled document. Changes affecting the design, operation, or
maintenance of the plant shall be reviewed to determine if these changes
impact the fire protection program documentation.
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Detailed supporting information shall be retrievable records. Records
shall be revised as needed to maintain the principal documentation up-to-
date.”

This requircment is consistent with expectations and requirements under a traditional regulatory
framework. It is not expected that any major or fundamental changes in plant processes would
be required. Documentation created as part of the transition and maintenance of a risk-informed,
performance-based would need to be incorporated into cxisting plant programs.

5.1.1.3 Quality Assurance

Due to the evolving nature of fire protection engineering and usc of risk in nuclear power plant
decision-making, specific guidance is given in NFPA 805, Scction 2.7.3 and Appendix A, on
quality. The term “quality” as used in NFPA 805 and this implementing guidance is focused
primarily on quality of enginecring analyses, rather than “quality assurance” processes that cover
a wide varicty of activitics at a nuclear power plant and, in particular, fire protection programs.
Scction A.2.7.3 of NFPA 805 provides a discussion on acceptability of technical references and
the need to use methods that have gained wide acceptance within technical communitics.

Section A.2.7.3 provides a discussion of helpful factors in determining the acceptability of an
individual method or source.

Section 2.7.3.1 of NFPA 805 addresses fundamental requirements such as independent
verification of analyses, calculations, and cvaluations. These are typical requirements for fire
protection assessments under a traditional fire protection program and should not create any
basic changes in process or practice.

Scction 2.7.3.2 of NFPA 805 addresses verification and validation of calculational or numerical
methods. This practice is typical for engineering calculations utilized for nuclear power plant
calculations and analyses. Due to the evolving nature of fire science, the need for a specific
requirement in NFPA 805 was warranted. There are no fire-related engineering methods or
models that have been validated over the entire range of applications for which they might
rcasonably be used. There have been and are ongoing efforts directed at performing validation
studics on calculation methods and modes. Refer to Appendix D for additional discussion of
validation of engineering models.

Section 2.7.3.3 of NFPA 805 discusses limitations of acceptable usc of engineering methods and
numerical models. This is a recurring theme for the usc of fire models and is discussed
extensively in Appendix D.

Related to the limitations of acceptable use is the need for qualified users to use and apply
engineering analysis and numerical models, as discussed in NFPA 805 Scction 2.7.3.4. The
competency and experience of individuals performing these analyses should be ensured as part
of a plant’s qualification, training, and business practices. This may vary from a qualification
guide completion to demonstrate the performance of activitics to management discretion,
depending upon the business and training practices of the individual facilities.
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An uncertainty analysis is required per Section 2.7.3.5 of NFPA 805 to provide rcasonable
assurance that the performance criteria have been met. Section A.2.7.3.5 provides a detailed
discussion on the types of uncertainties and their relationship to risk-informed, performance-
based fire protection. Uncertainty analysis with respect to risk assessments and change analysis
is discussed in Section 4.4.2, while Appendix D discusscs firec modcling uncertainties.

5.1.2 Fire Modeling Considerations

Appendix D contains detailed information on fire modeling in the context of NFPA 805, as a
supplement to Appendix C of NFPA 805. Included within Appendix D are many aspects of
documentation, configuration control, and quality that arc addressed by Section 2.7.3 of NFPA
805.

Appendix D should be consulted for assistance in selection of an approach, qualifications of
users, limitations of use for various models and approaches, and methods of addressing
uncertainties.

Since detailed fire modeling has typically not been performed and maintained as part of a
traditional fire protection program, care must be taken to ensure that the input, assumptions,
methods, and results are trcated in a manner consistent with the requircments of NFPA 805 and
plant-spccific processes for engincering calculations and analyses. It is noted that key
parameters/assumptions sclected in fire modeling should be considered for monitoring.

5.1.3 Fire PRA Considerations

Program documentation for probabilistic risk assessments used for risk-informed, performance-
based decision-making is an issue applicable for the nuclear industry in general, and is not
limited to fire protection applications. This is an evolving industry issue that is addressed in
documents such as Regulatory Guide 1.174 and Draft Regulatory Guide DG-1122, An Approach
Jor Determining the Technical Adequacy of Probabilistic Risk Assessment Results for Risk-
Informed Activities (November 2002). The American Nuclear Society (ANS) plans to issuc a
standard for evaluating internal fire risk. The ANS standard is intended to provide the necessary
information for determining the acceptability of methods and results of fire risk analyses.

These documents should be referenced to for acceptable standards and processes for fire
probabilistic risk assecssments.

5.2 Monitoring

Scction 2.6 of NFPA 805 discusses monitoring requircments associated with a risk-informed,
performance-based fire protection program. The following are the requirements from Section
2.6:

“2-6* Monitoring. A monitoring program shall be established to ensure that the availability
and reliability of the fire protection systems and features are maintained and to assess the
performance of the fire protection program in meeting the performance criteria.
Monitoring shall ensure that the assumptions in the engineering analysis remain valid.
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2-6.1 Abvailability, Reliability, and Performance Levels. Acceptable
levels of availability, reliability, and performance shall be established.

2-6.2 Monitoring Availability, Reliability, and Performance. Methods
to monitor availability, reliability, and performance shall be established.
The methods shall consider the plant operating experience and industry
operating experience.

2-6.3 Corrective Action. If the established levels of availability,
reliability, or performance are not met, appropriate corrective actions to
return to the established levels shall be implemented. Monitoring shall be
continued to ensure that the corrective actions are effective.

As part of the transition review, the adequacy of the systems and equipment within plant
inspection and compensatory measures programs should be reviewed. In addition, the adequacy
of the plant corrective action program in determining the causcs of equipment and programmatic
failures and minimizing their recurrence should also reviewed as part of the transition to a risk-
informed, performance-based licensing basis.

5.2.1 Existing Guidance and Programs

The Maintenance Rule and Regulatory Guide 1.174 are provided as examples in Scction A.2.6 of
acceptable monitoring programs. However, the intent is not to require fire protection program
equipment to be included into a maintenance rule program. Flexibility is provided to allow
plant-specific processes to be established for performance monitoring.

NEI Document NUMARC 93-01, Industry Guideline for Monitoring the Effectiveness of
Maintenance at Nuclear Power Plants, provides an acceptable approach to meet the
Maintenance Rule. It includes methods for selecting equipment, establishing and applying risk
significance criteria and performance criteria, goal setting and monitoring, assessing and
managing risk, performing periodic assessment of performance, and necessary documentation.
Although not required, NUMARC 93-01 should be consulted for ideas in developing/updating a
fire protection monitoring program. Due to the efforts expended in complying with the
maintenance rule for plant safety systems, a plant may detcrmine that the incremental effort
associated with adding selected fire protection program systems and features to previously
cstablished programs may be less than establishing a new process or effort. NUMARC 93-01 is
very flexible in recognizing the utilization of existing plant programs.

Plant/owner-operator specific initiatives have been undertaken to optimize fire protection
surveillance and testing practices and frequencies based upon performance. This is allowed
under traditional regulatory framework using a fire protection standard license condition and by
ensuring that the program and its results were satisfactory to insurance representative.
Therefore, there are established programs that could be used, enhanced, or modified in an effort
to meet the monitoring requirements as discussed in NFPA 805. Other entities such as the
Department of Defense and Department of Energy have participated in performance-based fire
protection inspection and testing cfforts. Therefore, there are a number of resources available to
cstablish and maintain a risk-informed, performance-based program.
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Acceptable levels of availability, reliability, and performance must be established. This does not
imply or require detailed statistical analysis of all firc protection systems, features, components,
and sub-components. Instead, determining acceptable levels of availability, reliability, and
performance should be commensurate with their risk significance and may established at the
structure, systcm, or component level, or aggregates of these, where appropriate. It is up to
individual plants to cstablish goals and criteria for acceptable levels of availability and reliability.
This is consistent with Maintenance Rule implementation as outlined in NUMARC 93-01.

5.2.2 Monitoring Program Development

It is expected that a monitoring program for a risk-informed, performance-based fire protection
program would be established in phascs, with elements added as more of the program relies upon
risk-informed, performance-based techniques. For example, during the transition to a new
licensing basis, a plant may only truly cmploy risk-informed, performance-based techniques to
address a few fire arcas or fire protection features/elements. It is important to identify parts of
the program that may require additional attention during the transition and change evaluation
process. Likely candidates would include monitoring of nuclear safety equipment or other plant
cquipment that is not part of the traditional 10 CFR 50, Appendix R post-fire safe shutdown
analysis and whose availability is an important component of limiting fire risk. Other attributes
may include features that are integral to successful fire modeling in an area, but may not have
been considered important in a compliance-based approach.

It is expected that a more refined monitoring program (availability, reliability, performance
goals) would be established for the parts of the program where these techniques have been
cmployed. For example, as risk-informed, performance-based techniques are used as part of the
change process (i.c., firc modeling in a fire area, change in equipment in PRA model, change in
equipment relied upon to achieve the nuclear safety criteria, change in surveillance frequencies
of fire protection equipment), the scope and depth of monitoring program would need to be
adjusted accordingly. Sec Appendix E for additional guidance on establishing a monitoring
program.

5.2.3 Monitoring Considerations

Monitoring programs for fire protection systems are not a new concept being introduced as part
of a risk-informed, performance-based fire protection program. Surveillance, testing, and
maintenance of fire protection systems and features have always been part of a sound program.
In addition, the system engineer functions at nuclear power plants have stressed system and
cquipment health, reliability, and availability.

Risk-informed, performance-based reactor oversight has also increased attention on plant
systems and features (including fire protection) with the greatest contribution to risk. Adoption
of a risk-informed fire protection licensing basis, however, may introduce some different
considerations that may not have been present in a traditional fire protection program.

= Calculations and analyses such as firc modeling, particularly a maximum expected and
limiting fire scenario, rely on core assumptions that help form the basis for acceptability of
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configurations and changes to those configurations. These assumptions and input conditions
may be different in content and form than previously analyzed.

For example, a firc scenario in a traditional program may have assessed fire hazards by
monitoring the combustible loading represented by a BTU/square foot value in an arca,
which would be monitored by a plant combustible control program. Under a risk-informed,
performance-based program, firc modeling, using more advanced and accurate predictions of
firc, may rcly on a certain quantity of oil spill from a pump motor or containment of spilled
oil by a retaining berm. The factors which influence results of fire scenarios should be
included within an administrative or design control/monitoring program.

* Suppression systems relied upon specifically in a calculation for core damage frequency have
an inherent reliability and availability. Systems that arc integral to prevention of risk-
significant fire scenarios may require monitoring to mect numerical availability numbers in
order to satisfy risk acceptance criteria.

= Traditional safe shutdown analyses have relied upon safe shutdown equipment being in
service at the start of a fire. A risk-informed, performance-based approach, particularly in a
risk model that calculates corec damage frequency, considers safe shutdown and fire
detection, suppression and mitigation features and equipment unavailability. As more credit
is taken for risk-informed, performance-based approaches, the need for monitoring this
cquipment availability, with direct consideration on fire risk, would be necessary.

* The majority of equipment relied upon to ensure post-fire nuclear safety is equipment that is
important for plant risk and mitigation of the consequences of design basis accidents.
Therefore, most equipment important to fire risk has been subjected to inspection, testing,
and performance monitoring as part of the nuclear plant processes. In addition, equipment
important to risk has been identified as part of the Maintenance Rule process and subjected to
a variety of plant controls and processes. However, all equipment important to fire risk may
not be part of an existing monitoring program. Outlicrs must be identified and incorporated
as nccessary into a monitoring program.

* Becausc a fire risk assessment may rely on different equipment than a traditional safe
shutdown analysis, the availability of this equipment may be important to fire risk. For
cxample, the availability of offsite power or non-safety feedwater sources may be an integral
part of a risk model. The need for monitoring these features should be determined.

* Duc to different success criteria that are evaluated in a risk-informed, performance-based
program, other fire protection features, which may not have been important, may require
monitoring. For example, a fire barrier previously determined to be inconsequential for 10
CFR 50, Appendix R compliance may be important to preventing fire from causing a fire-
induced loss of offsite power or plant trip, which may prove to be risk significant. Another
example is a fire barrier installed prior to efforts for compliance with 10 CFR 50, Appendix
R that was abandoned in place without any credit taken for firc protection. This barrier may
prove valuable in protecting risk significant circuitry against a credible fire (as determined by
firc modeling).
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6.0 IMPLEMENTING GUIDANCE FOR USE OF TOOLS AND
PROCESSES WITHIN EXISTING LICENSING BASIS

Licensees need not transition their fire protection licensing bases to comply with NFPA 805 in
order to use its methods and tools to support changes to their current firc protection licensing
bascs. A licensee may use the appropriate methods and tools to support a licensec amendment
request (LAR) under 10 CFR 50.90, an exemption under 10 CFR 50.12, a deviation, and any
other request to the NRC.

The advantage of using the methods and tools from NFPA 805 is that the NRC will have alrcady
determined that these tools and methods are valid, when used appropriately. Thus, the NRC may
question the appropriateness of a licensee’s use of a particular method or tool in a specific
situation, and the NRC may question the accuracy of the result obtained by the licensee by using
that method or tool. Because the NRC has limited its approval of the tools and methods in
NFPA 805 to their use to demonstrate compliance with NFPA 805, a licensee may need to obtain
NRC approval to usc a NFPA 805 tool or method to change the fire protection CLB.

The tools and methods in NFPA arc considered "state of the art” fire protection engineering
methods for nuclear power plants. As such licensees are encouraged to use the techniques in
developing fire protection evaluations including exemption\deviation requests. Licensecs are also
encouraged to use these tools and methods in enginecring evaluations for issues that do not
require previous NRC approval.

6.1 Applicability of the program ch'ange process in NFPA 805

Neither 10 CFR 50.90, 10 CFR 50.12, or the Regulatory Guides specify the type of analysis that
must accompany an LAR, or a request for an exemption or a deviation, respectively. However,
the NRC has stated that the change control processes in Sections 2.2(h), 2.2(i), 2.2(j), 2.2.9,
2.2.10,2.4.4, 2.6, and 2.7 substitute for 10 C.F.R. § 50.59(c)(4).” These provisions establish a
disciplined process that has been accepted by the NRC for the risk-informed, performance-based
cvaluation of proposed changes to a fire protection program. Therefore, consistency suggests
that these processes can be used for all fire protection program changes.

Morcover, because the NRC is the Authority Having-Jurisdiction (AHJ) for the purposes of
NFPA 805, Section 2.4.4.1 of NFPA 805 implies that the NRC’s risk acceptance criteria are
applicable to cvaluating the acceptability of changes that a licensce makes to a plant’s fire
protection program under NFPA 805. For risk-informed, performance-based changes to any
aspect of a plant’s licensing basis, the NRC has established acceptance criteria in Regulatory
Guide 1.174.

These criteria apply equally to the evaluation of a change to a plant’s current fire protection
licensing basis because the determination of risk is a technical finding, independent of the
regulatory regime in which it is made. Thus, a finding that a change to a plant’s fire protection

% 67 Fed. Reg. at 66583.
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licensing basis meets the NRC’s acceptance criteria in Regulatory Guide 1.174 suggests that the
change should also meet the NRC’s safety criteria for granting a license amendment or
cxemption.

6.2 Application of the Plant Change Evaluation Process

Scction 4.4 of the implementing guidance identifies the steps in the plant change evaluation
process under NFPA 805. Those steps are followed here for consistency. Because the
acceptance criteria in NFPA 805 will be used to support a request for regulatory action, the steps
leading up to the determination of compliance with those acceptance criteria will be followed.

6.2.1 Identify the Change from the Current Fire Protection Licensing Basis

In requesting a license amendment, exemption, or some other kind of rcgulatory relief, it is
necessary to carcfully define the proposed change in the current fire protection licensing basis is
proposed to be changed. The proposed change is just the difference between the configuration of
a firc area before and after the approval of a license amendment, exemption, or other regulatory
relicf. Therefore, the evaluation of the acceptability of the proposed change is an evaluation of
the difference in fire-related risk for the two configurations.

6.2.2 Determine the Extent to Which the Deterministic Criteria are Met

Some changes that will meet the current deterministic fire protection requirements and some
changes will be justificd on the basis of a risk-informed, performance-based analysis.
Consistency with NFPA 805 does not require a licensee to subject the changes that meet the
deterministic requirements to a risk-informed, performance-based analysis. Section 2.2.6 of
NFPA 805 provides that demonstrations of compliance with deterministic requirements are
considered to satisfy the performance criteria in Section 1.5 of NFPA 805. Therefore, it is
appropriate to apply risk-informed, performance-based methods only to the changes that do not
meet the deterministic requirements.

6.2.3 Conduct an Initial Assessment

For a proposed change that will be analyzed using risk-informed, performance-based methods,
an initial assessment is conducted to determine the kind of analysis that will be required to
demonstrate that the change meets the acceptance criteria. The initial assessment is based on an
integrated view of the likelihood and consequences of a fire in the fire arca of concern. A
qualified fire protection enginecer and an experienced PRA analyst should conduct the initial
assessment. They should focus on the portions of the fire arca that are most likely to be risk
significant. Several firc scenarios may be considered. Fire hazards associated with ignition
sources and fixed and transicnt combustibles are considered. Licensing basis limitations are not
applied (for example, combustible loadings are not limited to the combustible loads established
by administrative limits). The result is a determination of whether an engincering analysis
suffices to support the proposed change or whether it will be necessary to use fire modeling, or
risk assessment, or a combination of the two.

An engincering analysis will not suffice if there necds to be a change to the current fire

protection licensing basis. Firc modeling will not suffice if the Maximum Expected Fire
Scenario (MEFS) afier the change results in unacceptable fire damage to targets. Fire modeling
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will suffice if the MEFS docs not result in target damage and there is sufficient margin between
the MEFS and the Limiting Firc Scenario (LFS). Risk assessment will not suffice if the
proposed change results in a firc-induced Core Damage Frequency (CDF) that does not meet the
acceptance criteria. 1f neither fire modeling nor risk assessment support the change, it is
necessary to conduct a combined analysis.

6.2.4 Conduct a Fire Risk Analysis to Show that the Acceptance Criteria are Met

Based on the results of the initial assessment, the appropriate analysis is conducted in detail to
determine whether the proposed change meets the acceptance criteria for the CDF and Large
Early Release Fraction (LERF) in Regulatory Guide 1.174. Also considered are defense-in-
depth and safety margin. Defense-in-depth is described consistently by Regulatory Guide 1.174
and Scction 2.4.42 of NFPA 805. Safcty margin is maintained if there is a substantial difference
between the LFS and MEFS and if the criteria in NFPA 805 are met.

6.3 Requests for Regulatory Relief

The three most used methods of obtaining regulatory relief from the NRC are license
amendments, deviations, and exemptions. Each licensee has its own process and format for such
requests for regulatory relief. But in all cases, the licensce must demonstrate that the grant of
regulatory relief provides an adequate degree of safety.

The use of NFPA 805 tools and methods changes only the content of the safety casc. It will now
include a risk-informed, performance-based analysis and a demonstration that those acceptance
criteria in Regulatory Guide 1.174 arc met. The use of NFPA 805 tools and methods does not
otherwise affect the format of the request for regulatory relief.

When used to support a LAR or a deviation request, the methods and tools from NFPA 805
should be used to demonstrate compliance with the applicable firc protection rules.

When used to support an exemption, the methods and tools from NFPA 805 may be used to
support a showing that the exemption will not result in an undue risk to the public health and
safety in accordance with 10 CFR 50.12(a)(1). By its very nature, there is no need to
demonstrate compliance with the rules when requesting an exemption. Furthcrmore, because the
NRC has found that NFPA 805 provides a level of fire protection equivalent to that provided by
the current regulations, an exemption request can be supported by showing that the it meets the
performance criteria, objectives and goals in NFPA 805. Such a demonstration would not be
conclusive, however, because the grant of an exemption is Icft to the exercise of the NRC’s
discretion.

6.4 NRC Review and Approval

The NRC makes a safety determination by evaluating the safety casc presented by the licensee.
In all cases, the use of NFPA tools and mecthods must be shown to be appropriate and the results
must be shown to be accurate. Thus, the safety case must include a discussion of the
appropriateness of the NFPA tools and methods used in a particular case and enough
calculational dctail must be provided to enable the NRC to independently verify the results.
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The NRC also has carefully distinguished between a risk-based analysis and a risk-informed
analysis. The risk-informed analysis also considers defense-in-depth and safety margin. Both
must also be addressed.
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Appendix A — Definitions

The following Table provides a comparison of the definitions in NFPA 805 to existing NRC
Guidance documents.
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Appendix A - Fire Protection Definition Comparison [SAMPLE FORMAT]

Term identified in NFPA
805, Reg, Guide 1.189 or

NFPA 808

Performance-Based Standard for Fire Protection for Light Water Reactor

Regulatory Guideline « 1.189

Fire Protection For Operating Nuclear Power Plants, April 2001

NUREG 0800, Fire Protection Program
(Formerly NUREG 75/087)

NUREG 0860 Flectric Generating Plants .
1.6 Definitions. Glossary Definitions
Acceptable 1.6.1 Considered by the authority having jurisdiction (AH)) as adeq for - Term nat used m Reg. Grurde 1189 Glossary Ferm not used m NURFG 0300 Definitions
satisfying the gosls, performance objectives, and/or performance
criteria.
Alternative Shutdown - Tenm not used m N EPA X058 Dehmitions Pg. 108 | The capability to safely shut down the reactor in the event of a fire using | Tenm not used s NURLG 0x0f Depimtions
existing systems that have been rerouted, relocated, or modified
Approved 1.6.2 Acceptable to the authonty having jurisdiction, Pg. 108 | Tested and accepted for a specific purpose or application by a Tested and accepted for a specific purpose or
recognized testing laboratory. application by a nationally recognized testing
laboratory.
Associated Circults - Term not used m NFP A SOS Detinitons Pg. 108 | Circuits that do not meet the separation requircrnents for safe shutdown | term not wsed 1 NLRI Goustn Denntions
systems and comy ts and are d with safe shutdown systems
and components by common power supply, common enclosure, or the
potential to cause spurious operations that could prevent or adversely
affect the capability to safely shut down the reactor as a result of firc-
induced failurcs (hot shorts, open circuits, and short to ground).
Authority taving 163 « The organization, office, or individual responsible for approving - Ferm not used m Reg. Guade XY Glosaan Lemm not used 11 NUREG OSO0 Defutions
Jarisdiction quir t, matcrials, an installation, or a proced
Automatic - Lenm not usad o NFPA S80S Detimtions Pg. 108 | Sclf-acting, operating by its own mechanism when actuated by some Sclf-acting, operating by its own mechanism when actuated
monitored parameter such as a change in current, pressure, temperature, | by some impersonal influence such as a change in current,
ot mechanical configuration. pressure, temperature, or mechanical configuration.
Availahility 1.64 The probability that the system, structure, or component of interest is - Ferm uot used m Reg. Gunde B 1XY Glossary Tenn not used i NURE GOSN Delimsons
fi 1 at 8 given point in time,
BWR 165 Boilng water reactor, - 1 ¢rm not nsend in ieee. Gutde 11349 Glossary Lo not used m NEREGOa00 Delimtiony
Combustible 1.6.6 Capable of underpoing b - Tomm not used i Rea. Gude 1. EA9 Gloksary i crm not used m NUREG 0300 Definitions
Combustible Material - Term not used m NEPA 808 Dodimtons Pg. 108 | Any matcrial that will bum or sustain the combustion process when Materiat that does not meet the definition of
ignited or otherwise exposed to fire conditions, noncombustible.
Combustible Liquid 1.6.7 A liquid having a Nash point at or above 100°F (37.8°C), (See NFPA 30, - Ferm not v m Reg, Goide 189 Glossany term not osed m N RE GOS0 Defintions
F1 hle and Combustible Liquids Code.}
Common Enclosure - Term not used N XOS Daintens Pg. 108 | An enclosure {e.g., cable tray, conduit, junction box) that contains Ferm not used i NEREGONOD Denmtions
circuits required for the operation of safe shutdown components and
circuits for non.safe shutdown components.
Common Power Supply - Term notused m NEPA X0S Detimtions Pg. 108 | A power supply that feeds safc shutdown circuits and non.safe torm ot ined 1 N REG 0NN e Binstions
shutdown circuits.
Compensatory Actions 168 Actions taken if an impairment to a required system, feature, or - Form not tsed i Ree Oniide A3 Gloseary ten not used m NEREG om0 Detinnions
component prevents that system, feature, or component from performing
its intended function, These actions are & temporary altemnative means of
providing rcasonable assurance that the necessary function will be
compensated for during the impairment, or an act to mitigate the
) q of a fire, Comf Y s include but are not
limited to actions such as fi hes, ad ative ¢ is,
temporary systems, and of comp
Campleteness Uncertainty | 1.69 Uncertainty in the predictions of a mode) due to model scope - Fomt ol sed iy Reg Ouide 108 Glassary Lenm nob used 119 NUREG OSOR Dehnstions
Timitations, This uncertainty reflects an unanalyzed contribution or
reduction of risk due to limitations of the available analytical methods.
Containment 16,10 Structurcs, systcms, or components provided to prevent or mitigate the - form not wsed m Reg. Gunde 11N Glasearny Lerm not used 11 SUKD G 0N e fintions
release of radioactive materials.
Control Room Complex - Ferm ot ined n NFPA XGOS Definmions Pg. 108 | The zone scrved by the control room emergency ventilation system. The zone scrved by the control room emergency ventilation

system (sce SRP Scction 6.4, "Habitability Systems®).
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Appendix B — Detailed Transition Assessment of Fire Protection
Program

Appendix B-1: Transition of Fundamental Fire Protection Program
and Design Elements

Included here is the mapping of the Fire Protection Fundamentals for “water supply”. This
mapping will be done for each section of Chapter 3 of NFPA 805. We’ve provided an example
of how a licensee would map over the first 2 sections. Once this mapping is completed all
previous commitments will be superseded by compliance with the new rule.

Each section and subscction of Chapter 3 is a "Fundamental Firc Protection Program Attribute"
defining the program and design elements of a nuclear fire protection program. The cross-
reference table included as Appendix B-1 defines "previously acceptable” methods of
compliance with that particular "fundamental program attribute”. Licensees should provide
specific compliance statements (deviations, exemptions, etc) to demonstrate "previous approval”
of an alternative or compliance with the Chapter 3 attribute.
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Appendix B-1: Transition of Fundamental Fire Protection Program and Design Elements

Appendix B-1 ~ Transition of Fundamental Fire Protection Program and Deslgn Elements - Sample

NITA 808

Mapped ta BIP 9.5-1 AI'CNB

Mapped to BTP 9.5-1

Mapped to NLREG-0500

Mapped to 10 CFR S0

Mapped to Regulatory Guide
89

Compliance Statement

Current Licensing Basis

Chapter 3 Fundamental Fire L1176 Appendix A BTP oL Appendix R . Document
Pratection Application Dockcted hut 2247 CMER 9/1/82 42001 Tdentification
Program and Design Flements Construction Permit Not Plants under Construction and |  (Formerls NURTG.750RT)
Received ac of 7/1/76 Operatine Plants TR

A5 Water Suppty.

351\ fire protection water
supply of adequate reliobility,
quantity, and duration shall be
provided by one of the two
following methads,

fa) Provxle a fire protection
water supply of not fess thim twe
scparate 300000291 (1,135,500,
LY supphice.

1] Caleutate the fire fow
rate for 2 hours, Thic fire flow
rate shall be hased on 300 gpm
(1X92.%£ 1/min) for manual hace
streams plus the largest design
demand of any eprinkler or fived
water <pray system(<) in the
power block as determined in
accordance with NI'PA 13,
Standard for the Installation of
Sprinkler Systems, or N1 PA 15,
Standard for Water Spray Fined
Systems for Tire Protection, The
fire water supply <hall be capahble
of delivering this deeign demand
with the hydraulieally deast
demandine portion of lire minn
Toop oul of service,

IV.C.2, (d) Twn scparate
rcliable watcr supplice should be
provided. 1f tanks are uscd, two
100%% (minimum of 360,000
gallone cach) system capacity
tanks should be instalted. They
should be o interconnected that
pumps can take suction from
cither or both. However, a leak
in one tank or its piping should
not cause both tanks to drain,
The main plant fire water supply
capacity should be capable of
refilling cither tank in a
minimum of ¢ight hours,
Commen tanks arc permitted for
fire and sanitary or scrvice water
storage. When this is done,

how cver, minimum fire water
storage requircments should be
dedicated by means of a vertical
standpipe for other water
services.

1V.C.2. (¢) The fire watcr
supply (total capacity and flow
ratc) should be calculated on the
basis of fargest expected flow
rate for 3 period of two hours,
but not less than 300,000
gallons. This flow rate should
be hased (conecrvatively) on
1,000 gpm for manual hose
streams plus the greater of:

(1) al eprinkler heads opened
and flowing in the largest
designed fire area; or

the largest open head
deluge system(s)
operating,

()

IV.C.2.(d) SAME

IV.C.2.(¢) SAMFE

C.6.5. (M Tuoseprnie, rchable
treskwater supphes should be
provided, Saltwater of brackish
water should et be wsed unkoss
o) Beeshwater supplics hase been
cvhausted, If tanks are used. two
100% {mintmum of 300,000
gallone cachy svatem capacty
tanks chould he installad They
chould be <« interconnceted that
pumps can take suction from
cither ot hoth Howerver, a
failure in onc wank or its piping
shoutd not cause bath tanks to
deain. Water cupply capacity
should he capable of refithng
cither 1ank 1 R hours or lesg

C.6h (1) Ihe fire water supply
shenild be eateulated on the bavs
of the lirgest expected Mlow rate
for a periond of 2 hours, bt not
fews than MRG0 gatlons, This
Now eate shonlid be hased
(comervinnely 1o S0 gpm lor
manual hose streams plus the
Tarvest design demand of sy
spoinkler or deluee system as
determined in accordance with
NFPA {3 or NFPA 15, The lire
water supply should be eapohle
of delivering this design demand
ower the Jongest route of the
waler supply system

TELA Two separate water
supplive shall he provided o
provide recessan water volume
and prossue o the fire niin
fowp

LA Fach cupply shall consia
of a storage tank, pump, piping,
and appropnate islation and
control vahes.

111.A Fach supply of the firg
water dntrthution syatem shalt
he capable of providing for 3
period of 2 honrs the mazimam
espected water demands as
determinad by the fire hazards
analysis for safety-related areas
ar athee areas that present a fiee
espostre hazard to salety -relited
AN,

ALbaIwosepirae rchabh
treshwawer ewpphes shentd be
provaded Saltwaeer or brackeh
water shoubt e e used unkoss
22 Jreshaaies supplics Fave Inan
erbancted.

X201 e lf ke arc usad for
water supplyv, e HRE, system
capacity tarke {minimum of’
L1360 T €300 60 pallons)
cach] shonld he metalled They
should be so mierconnccted tha
puieps can ke suction from
crtherorboth, Henever,
ulure i one tank o s pipmg
should nat e both tanks
dear Water sopply capacity
should be capable of refilhie
either tank 30 ® hours o lees,

3.2.0 b the fiee water supphy
should be cideubated on the haas
of the Lugest eapevied Now e
lor i penod of 2 bours, bt e
fess than 1,136,000 L (2un.000
wadlons), This Hlow pte shoudd
he based tesnservatively) on
LN L, (500 gpend for manual
hene streams plus the largest
desien demand of any sprimkler
or delure system as determined
maccordance with NFPA 13,
“Standard for the Installation of
Sprinkler Systeme” or NFPA
1S, “Standard for Warer Spray
Fiaed Svatems for Fiee
Protection ™ The fire water
supply chould ke capahle of
dehvering his dewgn demand
over the Jongest prpie rouvtc of
the water suppiv svaten.

The fire water storage system
consists of two dedicated fire
watcr storage tanks sized at
350,000 gallons cach,

The fire pumping system
consists of two 100% capacity
pumps, onc dicsel driven and
one motor driven. The fire
purnps are capable of supplying
the most hydraulically
demanding sprinkler system
while Nowing 500 gpm for hose
stations considering the most
hydraulically demanding portion
of the firc main system out of
service. The fire water storage
tanks were sized on the basis of
the largest expected Now rate for
a period of 2.5 hours,

The firc water pumping system
is designed in accordance with
NFPA 20,

UFSAR Velume 9, Fire Hazards
Analysis, Section 9.5-1, page 34.

NRC Safcty Evaluation Repont,
page 43-45,

P&ID 8031-M-22, Page 2 0 10
Under Turbine System WP10-2
Hydrautic Calculation (Largest
Demand System), M$0-22-21,

XYZ Letter to NRC, FP25,
51872

NRC Letter to XYZ, 6728/72,
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Appendix B-2: Transition of Nuclear Safety Performance Criteria

Methdology Review

Nuclear Safety Performance Criteria (“NSPC”) are established in Section 1.5.1 of NFPA 805.
There are four substantial differences between these NSPC and traditional fire protection
requirements from 10 CFR 50, Appendix R/NUREG-0800. These differences arise from the
statcments of the criteria, the scope of their applicability, and the nuclear safety goal they
support. These differences are described below and guidance is provided on how apply these
diffcrences in an cvaluation of the extent to which traditional fire protection programs meet
NFPA 805.

The NSPC established in Section 1.5.1 of NFPA 805 require that:

Firc protection features shall be capable of providing reasonable assurance that, in
the cvent of a fire, the plant is not placed in an unrecoverable condition.

First, this rcequirement on fire protection features introduces a change from the traditional
requircments, which focus on achicving and maintaining safe shutdown in the event of a firc. By
shifting the focus from safe shutdown to avoiding an unrecoverable condition, NFPA 805
introduces flexibility in the analysis necessary to show that the NSPC have been met. In
particular, in many cases it will be sufficient to show that a plant can achieve and maintain hot
shutdown (standby) in the event of a fire.

A sccond substantial difference between the NSPC and traditional requirements arises from the
scope of applicability of the NSPC. Section 1.1 of NFPA 805 provides that:

This standard specifies the minimum fire protection requirements for existing
light water nuclear power plants during all phases of plant operation, including
shutdown and decommissioning.

By including all phases of plant operation, including shutdown, and decommissioning, NFPA
805 requires additional analyses of fire protection featurcs that have not generally been
conducted by power plant licensees. Strategies for addressing this broadened scope of analysis
of firc protection features for all plant conditions are discussed in the guidance in Appendix F.

A third substantial difference between the NSPC and traditional requirements ariscs from the
Nuclear Safety Goal (“NSG”) in Section 1.3.1 of NFPA 805. It provides:

The nuclear safety goal is to provide reasonable assurance that a fire during any
operational mode and plant configuration will not prevent the plant from

achieving and maintaining the fuel in a safe and stable condition.

By including any plant configuration, the NSG may require additional analyses of fire protection
features. Because analyses of all configurations cannot be performed, bounding configurations
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Appendix B-2: Transition of Nuclear Safety Performance Criteria

must be identified and analyzed. An evaluation may show that traditional fire protection
analyses have included the bounding configurations for opcration.

The fourth substantial difference arises from the focus on maintaining the fuel in a safe and
stable condition. Safe and Stable Conditions are defined in Scction 1.6.56 of NFPA 805. They
are:

For fuel in the reactor vessel, head on and tensioned, safe and stable conditions
are defined as the ability to maintain K(eff) < 0.99, with a reactor coolant
temperature at or below the requirements for hot shutdown for a boiling water
reactor and hot standby for a pressurized water reactor. For all other
configurations, safe and stable conditions are defined as maintaining K (eff) <
0.99 and fuel coolant temperature below boiling.

Thus, the definition of safe and stable conditions provides more flexibility in showing that the
NSPC have been met than for non-power modes of opcration.

Five performance criteria are identified in NFPA 805 as constituting a demonstration that the
NSPC for fire protection features have been met. They are:

a) Reactivity Control. Reactivity control shall be capable of inserting negative reactivity to
achieve and maintain subcritical conditions. Negative reactivity shall occur rapidly
enough such that fuel design limits are not exceeded.

b) Inventory and Pressure Control. With fuel in the reactor vessel, head on and tensioned,
inventory and pressure control shall be capable of controlling coolant level such that
subcooling is maintained for a PWR and shall be capable of maintaining or rapidly
restoring reactor water level above top of active fucl for a BWR such that fuel clad
damage as a result of fire is prevented.

¢) Decay Heat Removal. Decay heat removal shall be capable of removing sufficient heat
from the reactor core or spent fuel such that fuel is maintained in a safe and stable
condition.

d) Vital Auxiliaries. Vital auxiliaries shall be capable of providing the necessary support
equipment and systems to assure that the systems rcquired under (a), (b), (c), and (¢) are
capable of performing their required nuclear safety functions.

¢) Process Monitoring. Process monitoring shall be capable of providing the necessary
indication to assure the criteria addressed in (a) through (d) have been achieved and are
being maintained.

The suggested methodology for transition of the Nuclear Safety is as follows:
Section 2.4.2 establishes the methodology for conducting a safety capability assessment for
determining achievement of the nuclear safety criteria in Chapter 1. To a large extent, the

activities to be undertaken to implement this methodology have alrcady been completed for the
purposes of determining compliance with the traditional requirements.
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Appendix B-2: Transition of Nuclear Safety Performance Criteria

The table outlines a recommended method to review the acceptability of a program for transition
by cxamining the basic components of a nuclear safety capability assessment:

Nuclear Safety Capability System and Equipment Section
. Nuclear Safcty Capability Circuit Analysis

Nuclear Safcty Equipment and Cable Location

Fire Arca Assessment

s

The recommended review is against the methodology provided in Appendix B to NFPA 805 or
NEI 00-01. This review is intended to ensure that the transitioning nuclear safety analysis mects
basic established criteria for identification and analysis of equipment and cables. Exceptions and
clarifications identified during the transition review should be documented in order to provide a
well-established baseline for future changes.

Table B-2 shows how to use the existing evaluations to demonstrate compliance with the Chapter
I nuclear safety performance criteria.

Fire Area — by — Fire Area Transition

The current fire protection licensing basis for each fire arca should be reviewed and summarized.
Information to be reviewed for each fire area and summarized include:

= The current fire protection licensing basis (i.c., compliance with Sections 111.G.2, 111.G.3 of
10 CFR 50, Appendix R, etc.) including approved exemptions/deviations. 1t is important
that the bases for exemptions/deviations be captured during the transition process in order to
cffectively move forward to a new basis. This will allow the change process to focus on
changes from the original bases more effectively. If the basis for an exemption or deviation
is found during the review to be incorrect, the issue(s) should be entered into a corrective
action program for resolution as part of the transition.

= Detection — Licensing and design basis references for detection system
(cxemptions/deviations, SERs, Generic Letter 86-10 evaluations/code compliance
cvaluations, ctc.). Requirements for detection systems used to meet the nuclear safety
performance criteria require assessment in accordance with Chapter 3 of NFPA 805.

* Suppression — Licensing and design basis references for detection system
(exemptions/deviations, SERs, Generic Letter 86-10 evaluations/NFPA code compliance
evaluations, etc.). Requircments for suppression systems used to meet the nuclear safety
performance criteria require assessment in accordance with Chapter 3 of NFPA 805.

* Emergency Lighting — Licensing and design basis references such as exemptions/deviations,
SERs, calculations)

* Manual Actions — Manual action information for the fire arca including: 1) whether or not
manual actions arc relied upon for the fire area, 2) whether or not the manual actions arc
previously approved by the NRC, 3) whether or not the manual actions are relicd upon for
post-fire safc shutdown.

* OQutstanding Current Licensing Basis Issues — References to items that have been identified
as being outside of the current licensing basis (such as corrective action documents,
inspection findings and violations, and generic industry issues). This will provide a complete
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and concise description of items that will require resolution as part of the transition or as part
of a risk-informed performance-based assessment. This compilation of corrective action
items includes pre-existing items and those that were identified as part of the transition
reviews.

Items that have applicability for multiple fire arcas can be addressed in a generic manner, such as
by topic. In addition, multiple fire arcas can be grouped together if their supporting licensing
bases and engineering evaluations are applicable to multiple fire arcas (e.g., plants that have
multiple alternative/dedicated shutdown fire arcas that are being transitioned to a new licensing
basis).

Manual actions relied upon for post-fire safe shutdown is an industry issue that is planned to be
addressed by the rulemaking process. During a transition to a risk-informed, performance-based
licensing basis, it is expected that licensees would ensure that manual operator actions relied
upon for post-firc safe shutdown (prior to transition) would mect industry acceptance criteria at
the time of the transition.
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Table B-2

NFPA 805 Chapter 2 — Nuclear Safety Transition Review Guidance

NFPA 805 Requirement

Implementing Guidance

2.4.2.1 Nuclear Safety Capability System and Equipment
Section

A comprehensive list of systems and equipment and their
interrelationships to be analyzed for a fire event shall be developed.
The equipment list shall contain an inventory of those critical
components required to achieve the nuclear safety performance
criteria of Section 1.5. Components required to achieve and
maintain the nuclear safety functions and components whose fire-
induced failure could prevent the operation or result in the
maloperation of those components needed to meet the nuclear safety
criteria shall be included. Availability and reliability of equipment
selected shall be evaluated. (See Appendix B for acceptable methods
used to identify equipment)

Review the methodology of the current Safe Shutdown Equipment List against the
methodology outlined in NEI 00-01 or NFPA 805 Appendix B.

If the selection criteria and methodology are consistent, then no further analysis or
evaluation is required. If the current criteria and methodology are not consistent with
the referenced documents, modify and perform the additional analysis needed.

Document the results and any exceptions/clarifications.

2.4.2.2 Nuclear Safety Capability Circuit Analysis,

2.4.2.2.1 Circuits Required in Nuclear Safety Functions. Circuits
required for the nuclear safety functions shall be identified. This
includes circuits that are required for operation, that could prevent
the operation, or that result in the maloperation of the equipment
identified in 2.4.2.1. This evaluation shall consider fire-induced
failure modes such as hot shorts (external and internal), open
circuits, and shorts to ground, to identify circuits that are required to
support the proper operation of components required to achieve the
nuclear safety performance criteria, including spurious operation
and signals. This will ensure that a comprehensive population of
circuitry is evaluated. (See Appendix B for considerations in
analyzing circuits.)

Review the methodology of the current Circuit Analysis against the methodology
outlined in NEI 00-01 or NFPA 805 Appendix B.

If the selection criteria and methodology are consistent, then no further analysis or
evaluation is required. If the current criteria and methodology are not consistent with
the referenced documents, modify and perform the additional analysis needed

Document the results and any exceptions/clarifications.

2.4.2.2,2 Other Required Circuits, Other circuits that share
common power supply and/or common enclosure with circuits
required to achieve nuclear safety performance criteria shall be
evaluated for their impact on the ability to achieve nuclear safety
performance criteria.

Review the methodology of the current Associated Circuits analysis against the
methodology outlined in NEI 00-01 or NFPA 805 Appendix B.

If the selection criteria and methodology are consistent, then no further analysis or
evaluation is required. If the current criteria and methodology are not consistent with
the referenced documents, modify and perform the additional analysis needed.
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Table B-2

NFPA 805 Chapter 2 — Nuclear Safety Transition Review Guidance

(a) Common Power Supply Circuits. Those circuits whose fire-
induced failure could cause the loss of a power supply required to
achieve the nuclear safety performance criteria shall be identified.
This situation could occur if the upstream protection device (i.e.,
breaker or fuse) is not properly coordinated with the downstream
protection device. (See Appendix B for considerations when
analyzing common power supply concerns.)

(b) Common Enclosure Circuits. Those circuits that share
enclosures with circuits required to achieve the nuclear safety
performance criteria and whose fire-induced failure could cause the
loss of the required components shall be identified. The concern is
that the effects of a fire can extend outside of the immediate fire
area due to fire-induced electrical faults on inadequately protected
cables or via inadequately sealed fire area boundaries. (See
Appendix B for considerations when analyzing common enclosure
concerns.)

Document the results and any exceptions/clarifications,

2.4.2.3* Nuclear Safety Equipment and Cable Location. Physical
location of equipment and cables shall be identified, (See Appendix
B for considerations when identifying locations.)

Review the methodology of the current Equipment and Cable Location analysis against
the methodology outlined in NEI 00-01 or NFPA 805 Appendix B,

If the selection criteria and methodology are consistent, then no further analysis or
evaluation is required. If the current criteria and methodology are not consistent with
the referenced documents, modify and perform the additional analysis needed.

Document the results and any exceptions/clarifications.

2.4.2.4 Fire Area Assessment. An engineering analysis shall be
performed in accordance with the requirements of Section 2.3 for
each fire area to determine the effects of fire or fire suppression
activities on the ability to achieve the nuclear safety performance
criteria of Section 1.5, [See Chapter 4 for methods of achieving
these performance criteria (performance-based or deterministic).
(See Appendix B _for considerations when performing the fire area
assessments.)

Review the methodalogy of the current Equipment and Cable Location analysis against
the methodology outlined in NEI 00-01 or NFPA 805 Appendix B.

If the selection criteria and methodology are consistent, then no further analysis or
evaluation is required. If the current criteria and methodology are not consistent with
the referenced documents, modify and perform the additional analysis needed.

Document the results and any exceptions/clarifications.

See Table B- 3 for a suggested format for documenting the Fire Area Transition.
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Table B-3
NFPA 805 Chapter 2 — Nuclear Safety Transition - Fire Area Assessment Table (Sample)

Elev.

suppression,

Bases for Acceptability:

*  Detection in pump rooms

¢ Low combustible loading

*  Separation of redundant
circuitry (> 50 ft.)

as follows:

Reactivity control — Charging
(Tr. A)

Inventory and pressure control —
Charging (Tr. A), Aux. Spray
Decay heat removal (AFW A, B,
RHR A)

Vital auxiliaries (CCW A), (SW
A)

Process monitoring (Channels I,
{1))]

hatch

Eval 95-07, fire
dampers fire area 2
— fire area 14

Eval 92-13, partial
detection
evaluation

Eval 84-3, NFPA
72 code deviations
Eval. 88-05,
Manual Action
Feasibility

Fire Fire Area Appendix R Exemption / Deviation Nuclear Safety Performance Evaluations Outstanding CLB
Area | Description | Compliance Criteria Issues
' Methods
Containment I11.G.1, Exemption 7, RCP Lube Qil The nuclear Safety Criteria are met Eval 89-05, = RCPLOCCR
I11.G.2. Bases for Acceptability: as follows: Unrated 02-0221
= Type of oil »  Reactivity control — Charging containment * Radiant energy
=  Seismic zone (Tr. A & B) penetrations shield rating CR
»  Deluge system * Inventory and pressure control — Eval. 88-05, 99-0233
»  Detection Charging (Tr. A & B), Aux. Manual Action * NRCIR02-01
Spray or PORV B Feasibility URI 02-01-04
*  Decay heat removal (AFW A, B,
Exemption 14, intervening orC,RIHR A & B)
combustibles *  Vital auxiliaries (CCW A&B),
Bases for Acceptability: (SW A&B)
= Detection *  Process monitoring (dependant
*  Admin. Controls, on location)
»  Fire stops.
*  Deluge system for RCPs.
Aux. Bldg. 50’ | 1I1.G.2 Exemption 4, Lack of automatic | The nuclear Safety Criteria are met Eval 89-07, unrated | None
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Table B-3
NFPA 805 Chapter 2 - Nuclear Safety Transition - Fire Area Assessment Table (Sample)
Fire Fire Area Appendix R Exemption / Deviation Nuclear Safety Performance Evaluations Outstanding CLB
Area | Description | Compliance Criteria Issues
Methods
3 DG 1 Room 11.G.1 None The nuclear Safety Criteria are met Eval, 92-03, barrier | =  Circuit Isolation
as follows: between fire area 3 CR01-0121
*  Reactivity control — Charging —firearea 18 » NRCIR 02-01
(Tr. A) Eval. 88-02, fire URI 02-01-05
* Inventory and pressure control — dampers (generic)
Charging (Tr. A), Aux, Spray Eval, 84-3, NFPA
= Decay heat removal (AFW A, B, 13 code deviation
RHR A)
»  Vital auxiliaries (CCW A), (SW
A)
=  Process monitoring (Channels I,
1I1)
4 Div. B Swgr. | IILG.1 None The nuclear Safety Criteria are met Eval. 95-04, barrier | *  Fire Wrap rating
Room as follows: between fire area 4 CR 00-0141
»  Reactivity control - Charging —firearea 7 * NRCIRO0I-01
(Tr. B) Eval. 88-02, fire URI 01-01-02
* Inventory and pressure control — dampers (generic) | = NRC GL 04-05
Charging (Tr. B), PORV B Eval 84-3, NFPA Response
*  Decay heat removal (AFW C, 72 code deviations
RHR B) Eval. 88-05,
*  Vital auxiliaries (CCW B), (SW Manual Action
B) Feasibility
*  Process monitoring (Channels II,
V)
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Table B-3
NFPA 805 Chapter 2 - Nuclear Safety Transition - Fire Area Assessment Table (Sample)
Fire Fire Area Appendix R Exemption / Deviation Nuclear Safety Performance Evaluations Outstanding CLB
Area | Description | Compliance Criteria Issues
Methods
5 Cable NL.G.3 None The nuclear Safety Criteria are met Eval. 97-06, barrier | None
Spreading as follows: between fire area 5
Room *  Reactivity control — Charging — fire area 13
(Tr. A @ 1ISDP) Eval, 84-3, NFPA
* Inventory and pressure control — 12A code deviation
Charging (Tr. A @ HSDP), Eval, 97-05,
PORV B @ HSDP Manual Action
»  Decay heat removal (AFW A Feasibility
@HSDP, RHR A @ swgr.) Eval. 87-43,
= Vital auxiliaries (CCW A @ Changing Halon
swgr.), (SW A @ swgr.) system — auto to
»  Process monitoring (Channel | manual
@ HSDP)
All Generic Issues | N/A * 3 -hourrated fire barrier N/A Associated circuits NRC Manual
exemption 18 SER dated Action
11221/84 Rulemaking
High-low pressure NRC Associated
interface SER Circuits
dated 4/11/86 Implementation
NRC Generic
Letter 05-02
response (sample
only)
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Appendix C - FHA Transition

The traditional Firc Hazard Analysis will require some rcvision as a result of the transition to the
new NFPA 805 licensing basis. The outline below identifics those sections that will require
revision and guidance as to what that revision would entail.

1. Identification of Performance Criteria

The identification of criteria in NFPA 805 is straightforward, however they are different then the
current performance criteria and therefore need to be revised

Nuclear Safcty

Traditional

Non-Power Opcrational Modes
Radioactive Relcase

2. ldentification of Fire Hazards

The identification of firc hazards in NFPA 805 is straightforward and comprehensive. However,
the traditional method of identifying fire hazards within a fire area will need to be modified for
those fire areas that employ a risk-informed, performance-based compliance strategy. The
following items should be revised for those areas:

* Level of detail commensurate with the evaluation performed (rigorous detail regarding
combustibles, fire hazards, propagation,).

= Items to consider when identifying fire hazards, given that information may/will be used in
fire modeling and may be subject to additional configuration controls (i.c., monitoring) if
explicitly modeled.

3. Identification of Applicable SSCs

For those arcas that employ a risk-informed, performance-based analysis, the identification of
SSCs in the area should be revised. The revised FHA should focus on the identification of
“targets” that werc evaluated against the nuclear safety and radioactive release performance
criteria. It encompasses:

4. Radioactive Release

A new section should be added to the FHA for Radioactive Release. This section should address
the results of the evaluation performed during the transition.

5. Other modes of operation

A new scction should be added to the FHA for Other Mode of Operation. This section should
address the results of the cvaluation performed during the transition.
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Appendix D - Fire Modeling

1.0 Introduction

The purpose of this Appendix is to provide additional guidance on the use of fire models. Fire
modeling is the application of any typc of mathematical analysis to quantify the effects of a fire.
This is accomplished by presenting the various types/classes of models that may be useful when
implementing NFPA 805. It is not the intent of the guide to recommend or endorse any specific
firc model or calculation methodology. Rather, the goal is to summarize the strengths and
weaknesses of a given model type/class, identify possible applications for firc models, and
provide some guidance on limitations. When discussing fire models, specific models may be
cited as examples, especially those most commonly encountered in the fire protection
community. The use of any model should be verified for the particular application. The NRC is
currently in the process of verifying and validating several firc models and plans to develop a
pool of acceptable fire models and acceptable applications of these fire models using the ASTM
E-1355 (1997) Standard (Dcy, 2002). In the absence of such a pool, adequate documentation
will be necessary that demonstrates the appropriateness of the model, the application of the
model, and the overall approach to evaluating the problem. The use of firc models is discussed
in Scction 2.4.1 (Engincering Analyses) and Appendix C of NFPA 805.

Fire modeling ofien involves the use of a combination of engineering calculations and computer-
based modeling. Rarely can the desired analysis be performed through the application of any
one method. The selection of a single model is thercfore not nearly as important as utilizing the
range of appropriate engineering tools and data available. In the context of NFPA 805, fire
modecls take three broad forms, namely engineering calculations, zonc type computer models and
field typc/computational fluid dynamic (CFD) computer models.

The type of model necessary to perform a given analysis depends on the important physical
processcs in the problem, the capabilities of the particular model and, to a lesser extent, the
degree of accuracy required of a specific analysis. Another factor that must be considered when
sclecting a model is whether or not the model has been validated for a particular application by
the Nuclear Regulatory Commission (NRC) or in the fire protection community in general. Use
of a modecl that is not validated may require extensive documentation and sensitivity analyses to
demonstrate acceptability.

There are certain types of problems where the use of enginecring calculations in the form of
corrclations, closed form solutions, efc., may be more appropriate and more accurate than even
the most sophisticated computer-based models available. This condition would be driven largely
by the uncertainty in the problem, cither inherent or introduced by the model itself. 1f thereis a
large uncertainty in the heat relcase rate, for instance, the usc of a highly sophisticated CFD
model would not necessary result in a more accurate prediction than a simple correlation. In
some cascs, correlated data may yield quick results that are more accurate for the particular
application than the most sophisticated CFD model because the configuration at hand resembles
the tested data very closely. In this case, the uncertainty introduced by the assumptions
necessary to run a CFD model exceed the uncertainty in a correlation applied to a configuration
that has actually been tested.
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This appendix is organized into five major sections. Section 2 introduces the process of
enginecering analysis as applicd to fire protection issucs addressed using fire modeling tools. It
describes the modeling approach used in NFPA 805 and provides some specific guidance on
cach process clement. One of the key elements is the description of the maximum expected fire
scenario (MEFS). Section 3 of the Appendix deals specifically with information and guidance
on developing the MEFS for various source fires including fires involving flammable and
combustible liquids, electrical cables, electronics cabinets, and transient combustibles. Section 4
of the Appendix addresses quantifying the MEFS source terms. Section S deals with different
calculation methods that are available for evaluating the various impacts of the MEFS. These
include flame radiation and plume calculations, target damage, detector actuation, flashover, etc.
Scction 5 provides a bricf overview of the issue of validation. This Appendix attempts to
summarize the statc of the art for firc modeling and provides adequate references and guidance
for a user to apply fire-modeling techniques in a nuclear power plant in accordance with NFPA
805. Substantial additional material is available in the references provided in Section 6. A
useful primer on the subject with specific sample problems is contained in the Electric Power
Research Institute (EPRI) Fire Modcling Guide for Nuclear Power Plant Applications (EPRI,
2002a). Note that this guide has not yet been reviewed by the NRC and is therefore not endorsed
by the NRC.

It should also be noted that while this Appendix and many of the references herein propose
specific methods and/or sources of data, neither should be construed as an indication that the
method or data source referenced excludes the use of other calculation methods, assumptions, or
sources of data for any particular purposc or application.

2.0 Engineering Analysis Using Fire Models

This section describes the process of engineering analysis for fire related problems, with specific
reference to the requirements of NFPA 805.

2.1 Introduction

The usc of firc models arises in many different contexts, ranging from simple calculations, such
as determining whether flashover can occur given the ventilation and fuel load in a compartment,
to a detailed transient calculation such as determining the temperature and velocity field for a
large turbine hall fire. The purpose of the calculation has an important bearing on the type of
modecling and the approach used. For example, to estimate the heat flux required to damage two
targets separated by a specified distance (assuming a large room with limited combustibles), a
simple flame radiation/plume calculation may be the most appropriate approach. Such a
calculation may be computed by hand or by using software, cxamples of which include the Fire
Induced Vulnerability Evaluation (FIVE) methodology (EPRI, 1992), the updated spreadsheet
versions of these calculations (EPRI, 2002a), or NRC sprecadsheet calculations (Igbal et al., 2002;
2003), the latter which are derived in large part from the Society of Fire Protection Engineers
(SFPE) Handbook of Fire Protection Engineering (DiNenno, 2002). If software is used, the user
is required to understand the potential uncertainty in the results and adhere to the limitations of
the method. If the resulting fire size exceeds any fixed or transient fire load expected and
unccrtainties in the approach arc adequately addressed and bounded, then that is normally the
only calculation that is required.
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For this type of calculation, there are multiple simple methods available. The usc of bounding
assumptions and adequate safety margins enables one to quickly answer the question or
determince the need for additional analysis. This is termed a screening analysis.

At the opposite extreme are the problems that involve complex gcometries, significant
mecchanical ventilation, unusual fire scenarios, and other factors that are not readily evaluated
using simplified screening methods. Using fire models to address issues under these
circumstances may require calculations with limited data and may involve multiple, strongly
intcracting phenomena. These problems are often highly sensitive to changes in input data or
firc growth assumptions. An example of this type of problem is a fire involving multiple layers
of clectrical cable trays within a relatively small room. In this case, a space is termed small if the
cnergy release rates result in substantial (over 150°C, for instance) temperature rise in the hot gas
layer. Suppose that the problem involves calculation of the damage to a target located ncar the
ceiling but at some radial distance from the source fire. In addition, assume that cables in a tray
arc ignited. The desired calculation result assesses whether or not the target is damaged, and if
so, when would it be. This example involves predicting the flame spread rate along the cable
trays, the ignition of adjacent or proximate cables in trays, the effect of an increasing fire size on
the hot gas layer temperature in the compartment, the cffect of that hot gas layer temperaturc on
the growth rate of the cable fire and the effects of the combination of the hot layer and ceiling jet
temperature on the target being assessed. This type of problem is at the limits of the current
capability in firc modcling, primarily because there are no methods available that adequately
address flame spread and fire growth along contiguous irrcgularly shaped combustible surfaces.
Such an analysis would require the use of] at minimum, a zone model in conjunction with other
calculations to make it even tractable.

These two examples are taken from both ends of the spectrum in terms of level of detail,
difficulty, and uncertainty, and illustrate the difference between simple screening calculations
and dectailed calculations requiring the use of detailed computer-based fire models.

The qualifications necessary for personnel involved in the fire modeling projects depends to a
great extent on their role and the nature of the analysis. In most cases, the individual responsible
for conducting quantitative engineering analysis related to firc hazard quantification should be an
cxperienced engincer with formal training in fire dynamics and use of the methods or models
being used. The user should also have knowledge of available data sources and validation
studies for the method being used. In addition to modeling and analysis expertise, the successful
application of modeling will involve an individual or a team with experience in Nuclear Power
Plant (NPP) systems and plant operations, the relevant regulations, plant configurations and
Quality Assurance (QA)/Quality Control (QC) programs. For simple screening calculations
where well defined and isolated fucl arrays are being evaluated, and less expertise is required, an
engincer with training in the calculation methods being used should be adequately qualified.

2.2 Screening Calculations

Screening calculations may involve the use of hand or spreadshect calculations or the use of
zone-type computer firc models. They are intended to be done quickly, and yield results that
cither demonstrates with substantial safety margin that the situation under analysis is acceptable
or demonstrates the need for additional analysis or some alternative solution. An acceptable
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safety margin depends on the problem evaluated, the uncertainty in the input parameters, and the
conservatism of the approach. There is no clear definition of an adequate safety margin;
however, it should be sufficiently large so as to bound the uncertainty within a particular
calculation or application. The exact nature of the uncertainty varies from problem to problem
but generally includes consideration of the source fire heat releasc rate, the failure criteria, and
the mechanism by which the source fire impacts the element of concern (i.e., smoke layer,
thermal radiation, immersion in plume, etc.).

Screening calculations share one or more of the following attributes.

Well-defined simple geometry using materials with well-defined thermal propertics.
Time scale is not important.

Well-defined source fires with bounding assumptions on fire size.

Constant fire size, no compartment effects on fire size.

No fire or flame spread.

Calculated results exceed thresholds by substantial margins.

Calculated results not necessarily sensitive to input parameters across the range of
uncertainty.

NowbhwLb =

Screening calculations are often done in support of Probability Risk Assessments (PRA)
analyses. Screening calculation methods, examples of which include FIVE (EPRI, 1992; 2002a),
thosc developed by the Nuclear Regulatory Commission (NRC) (Igbal et al., 2002; 2003), and
FASTLITE (Portier et al., 1996), are based on simple correlations and underlying methodologices.
In order for the screening process to work properly, input assumptions should be conservative.
When selecting a screening tool, consideration should be given of the degree to which they have
becn validated and verified by the NRC. Application of screening calculations is discussed in
Scction 8.3 of this guidance document under Plant Change Evaluations.

2.3 Detailed Analysis

Detailed engineering calculations and analyses require substantial additional resources to
successfully complete in contrast to a screening evaluation. The attributes of problems requiring
detailed calculations may include one or more of the following:

I. Complex geometry/use of materials with complex or uncertain thermal properties within
geometry.

Time dependent problem.

Time dependent fire growth.

Flame spread along contiguous combustibles with irregular surfaces.

Interaction between compartment effects and fire size/growth.

Multiple target heating mechanisms (e.g., connection from plume or ceiling jet and hot
layer and radiation from hot layer and/or flame.

Mechanical ventilation. .

Screening analysis result with an unacceptable safety margin (problem specific).

SRR

el

Detailed analysis is generally conducted using some combination of screcning tools, engincering
calculations, zone fire models, and computational fluid dynamic models. Screening tools are
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useful for reducing the number of parameters or scenarios that arc evaluated using a detailed
analysis. Engineering calculations sometimes provide reasonable and satisfactory results,
however in many cases they are used to provide various input values for zone and CFD models.
The successful use of fire modeling is highly sensitive to the problem under evaluation, the
approach/model used, and the assumptions necessary for evaluating the problem.

Zone models, examples of which are CFAST (Jones et al., 2000), MAGIC (Gautier, 2002; EPRI,
2002b), and COMPBRN IIIE (Ho et al., 1988), are compartment firc models that arc widely used
to estimate compartment temperature, smoke conditions, and other information. CFD models
simulate the three dimensional flow and temperature ficlds within the model domain and often
require a significantly more detailed input data as compared to a zonc model. Examples of CFD
models that have been used to simulate fire and smoke conditions in various types of spaces
include the Fire Dynamics Simulator (FDS) (McGrattan et al., 2002), JASMINE (Cox ct al.,
1986), and Kameleon (Vembe et al., 1999). Currently, the models cited above have not been
completely validated and verified for use in nuclear power plant applications and may require
substantial validation exercises or a sensitivity analysis if used.

2.4 Engineering Analysis Process

This section describes a generic process for performing engincering analysis consistent with the
requirements of NFPA 80S. It involves the following steps, illustrated in Figure 2-1.

Describe the problem.

Select an approach to evaluate the problem.

Select the appropriate model(s)/calculation procedure(s).
Define the Maximum Expected Fire Scenario(s).
Perform the calculations.

Evaluate the results.

Define the range of limiting fire scenarios.

Assess safcty margins.

Documentation the analysis.

WoOoNUNAWN =

Each of the nine process components is discussed in detail in the following subsections.

2.4.1 Problem Description

This first step in this problem requires describing the problem in enough detail to enable
decisions regarding the approach to the problem. The following information should be addressed
at this stage:

1. Define the Objective. Then objective should include the performance or regulatory
issue(s) that are applicable; the probabilistic elements, if any; identify the requircments
that form the basis of an equivalency if the analysis an equivalency cvaluation; and an
indication that the evaluation is part of a PRA assessment, if applicable (Sec Section 8.3
of this guidance document).

2. Identify the performance criteria. Based on the objective(s) of the analysis, this step
requires establishing the desired performance objective(s). The objective(s) should be
stated in a quantitative form so that comparison with the analysis results can be made.
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For example, in evaluating damage potential to a redundant circuit, the performance
objective may be that the heat flux at that target location cannot cxceed some critical
value.

Identify the important physical and environmental variables such as those associated with
the source fire parameters and the compartment. Source fire parameters typically include
assessing whether the postulated fire is steady state or growing; whether the fuel is a pool
fire or a Class A combustible; the location and potential impact of multiple combustible
fuel packages or contiguous combustibles, etc. Compartment effects usually refer to the
temperature and position of the smoke layer temperature, the potential impact of the
smoke layer on nearby targets or fuel packages; the ventilation conditions (mechanical or
natural); the compartment dimensions; the enclosure construction, etc.

»{ Describe Problem

Select Approach

Select ModeV
Cakulate
Procedure

Define Maximum
Expected Fire
Scenario

Perform
Calculations

Results
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Y
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Limiting Fire
Scenarios

D —No

Evaluate Resulls
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Figure 2-1. Simplified Engineering Analysis Process
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2.4.2 Select Approach
The goal of this step is identify the technical approach (engincering calculations, zone firc
modcling, CFD modeling, or some combination thercof) that is to be used in the analysis.

Defining the Problem

In order to select the approach, various aspects of the problem nced to be identified. There are
four key elements to defining the problem determining the nature of the problem, the source term
variables, the impact of the compartment, and the key environmental variables. Each is
described in greater detail below.

I. The Nature of the Problem

This relates the problem to the type of information desired from the evaluation. Common types
of evaluations arc:

Target damage or ignition potential.

a.
b. Detector/sprinkler activation.
c. Flashover potential.

d

Human tenability conditions.

c. Fire resistance, such as a structural element, a fire barrier, or a firc stop.

Target damage often refers to cables or equipment. Redundant cables or equipment that are too
closec may be impacted by the same fire event; in this case the goal may be to demonstrate that a
firc that damages one set or train nccessarily would not damage the other. Target
damage/ignition also includes ignition of multiple fuel packages. If combustible controls limit
the placement of fuel packages, a calculation may be necessary to determine a safe distance such
that two distinct fuel packages are not involved.

Sprinkler and/or detector activation is typically determined to verify that a firc would not damage
a target or sprcad beyond the initial fire area prior to suppression or alarm. In some cases,
sprinklers may be obstructed and a detailed fire model is necessary to demonstrate that they
would or would not actuation given the assumed fire. Detector actuation may be useful for
developing time lines for various fire scenarios and may be used as a basis for initiating manual
response.

Flashover potential is considered in spaces where temperaturcs from a firc may exceed 500°C.
Flashover is a transition where it is usually assumed that all contents of a space arc damaged, the
space is entirely untenable, and fire spread across unrated boundarics is possible.

Human tenability evaluations quantify the impact of a fire to occupants. In nuclear power plants,
occupants are usually engaged in one of three generalized activities in the event of a fire: leaving
the area (a life safcty concern), performing a required function (i.c., an operator action), or

suppressing the firc (fire brigade, fire department). The appropriate tenability conditions depend
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on the activity the occupants are engaged in. Occupants that arc in the process of exiting the
structure may be cxposed to greater levels of toxic products or higher temperatures than those
that are required to remain and perform a function for a designated time period. The fire brigade
and fire department personnel may be equipped with breathing apparatus and protective clothing
such that a greater temperature or toxic threshold may be assumed. This typc of evaluation
assesses the tenability conditions and uses this information to make a determination as to
whether the occupants are successful at their task.

Fire resistance calculations may be used to determine if a fire spreads across a boundary and may
be used as the basis for limiting combustible fuel loads and their placcment. In some cases,
structural issues may be considered, such as localized fires exposing unprotected steel or
compartment temperatures that may heat beams or columns to their failure temperature.

Evaluations could involve multiple elements. For instance, it may be necessary to determine if
flashover is possible in a spacc, and if so would sprinklers actuate before flashover occurred.
Another example may involve flashover and fire resistance.

2. Source Firc Variables

These describe the types of fire scenarios that are to be modeled and may be characterized as:

a. Physically scparated, discrete steady state fire sources.
b. Fire involving time dependent heat release rates or fire spread.

c. Fire spread across contiguous combustible

Physically scparated stcady state source fires involve fuel packages where the heat release rate is
expected to be constant and multiple fuel packages arc not expected to become involved (unless
subsequent calculations show otherwise). A good example of this type of fire scenario would be
a fire involving combustible liquid in a contained arca. A variant of this typc of scenario would
be an unconfined combustible liquid spill with an assumed arca. In this casc, multiple arcas
should be assumed to bracket the results. A conservative stcady state fire may be assumed for
fuel packages with transient heat release rate profiles as measured in a full scale test. In this
case, the peak heat release rate may be assumed for the duration of the scenario as a conservative
input to a fire model.

Transient source fires or fires involving fire spread may be used in licu of a steady state source
fire if there is sufficient information available. Examples include ﬁrc sprcad across a cable tray
or along a combustible vertical surface or a fucl package that has a ‘t*” heat release rate profile as
measured in a full scale test. A “t*’ heat release rate profile is a common expression for
evaluating firc growth in combustible materials and refers to the proportionality between the heat
release rate and the time from ignition squared. Hcat relcase rate data as obtained from a test
may also be used as direct input into an analysis. Such data may fluctuate considerably about a
mean and may exhibit multiple peaks and troughs. Rcfcr to Section 6.1 for a list of references
that contain heat release rate data.
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The most complex source firc involves multiple fucl packages and transicnt heat release rate
profiles. Fucl packages that are closely spaced or are at risk of igniting via thermal radiation or
the smoke layer may Iead to this type of scenario. This may ultimately lead to a flashover
condition and/or ventilation limited burning if there is a sufficient quantity of combustible
material present. In the latter cases, the source firc term is no longer driven by the physical
description of the fuel package.

3. Compartment Effects

These variables determine whether or not compartment effects arc an important aspect to the
problem. They primarily consist of:

The fire size.

a.

b. The room volume.
c. The room height.
d

. The ventilation rate.

e. The enclosure construction

The fire size in relation to the compartment refers to a ventilation controlled scenario. In this
case, the fire size is no longer a function of the fuel package geometry but rather the ventilation
conditions within the compartment. Post-flashover fires arc often ventilation limited; however
flashover is not a requirement for a fire to become ventilation limited. Small spaces with little
ventilation may not be able to support a flashover fire and would be ventilation limited. The
most severe fire exposure in terms of a temperature versus time profile typically occurs when the
fire size is optimized for the ventilation conditions. This condition supports that largest fire size
without significant excess pyrolysis products for the longest duration.

The room volume, height, ventilation rate, and construction collectively define the compartment
and arc used dircctly in various calculations and fire models. These parameters directly
influence the type of fire that may be support in a compartment, the potential for flame
impingement to structural elements or overhead targets and the potential for environmental
variables to be significant. Depending on the type of analysis performed, simplification of the
room geometry may be necessary. Many screening methods and zone models require only the
height, width, and length of a space. In this case, the volume and compartment height should be
conserved and the floor plan adjusted accordingly. The ventilation rate includes natural (doors,
louvers, penctrations, ctc.) as well as forced. Forced ventilation includes a varicty of systems
such as supply, exhaust, supply and exhaust, and re-circulation. Depending on the location of
the supply and exhaust points, consideration should be given to a one-zone environment where
re-circulation systems are present and are expected to remain functional. Compartment
construction includes both the actual materials that form the boundaries and the leakage through
or leakiness of the boundaries. Guidance on boundary leakage is available in Klote (2002) and
Klote ct al. (1992).

A room temperature calculation or a zone model is typically used to establish whether or not
compartment effects arce significant. If the temperature increase in the space, the oxygen
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depletion (as it pertains to ventilation controlled burning conditions), or any other critical
parameter is such that the evaluation results would not be impacted, then the compartment
effects may be neglected.

4, Environmental Variables

Thesc include compartment aspects that may be influence the scenario and the impact the
problem. They include:

a. Elevated ambient temperature.
b. Thermal stratification as it pertains to detector activation.

c. High localized ventilation such as wind.

An clevated ambient temperature includes normal operating temperaturcs that are greater than a
typically assumed ambient (20 — 30°C) or ambient temperaturcs generated by the source fire. A
greater ambient temperature will reduce the temperature increase necessary to ignite other
combustiblc materials or damage a target provided they have fixed critical temperatures. This
condition may arisc when evaluating the exposure from a thermal plume to an overhead cable
tray or combustible item. If a smoke layer forms, then the ambient temperature surrounding the
thermal plume increases. This reduces the amount of cool air entrained by the thermal plume
and results in a more severe cxposure to a target. Likewise, if estimating the radiant heat flux to
a target in the presence of a hot gas layer, the ambient temperature is greater effectively reducing
the critical heat flux necessary to raise the target to a predetermined temperature.

In some cases, detector activation in large spaces may be hindcred by stratification of smoke.
Stratification cffects arc a function of the fire size, room gecometry, and ambient temperature.
When predicting detector activation, it should be verified that a stratified environment does not
form.

Ventilation from external sources may also be a significant aspect to a problem, especially when
considering smoke movement or maximum fire sizes. Wind load may generate sizeable pressure
differentials between the building cxterior and interior and between internal compartments in the
structure. These pressure differentials may lead to increased air supply or may force smoke into
other areas of the building that would not normally be considered. Some fire models include
parameters that address this, such as CONTAM and CFAST. Guidance on wind effects is
available in Klote (2002) and Klote et al. (1992).

Selecting the Approach Given the Problem

Once the problem has been defined, then the process of selecting the approach involves
comparing the requirements of the analysis and the nature of the problem to the capability of the
model or calculation procedure. If a model is employed, then an important consideration is the
degree to which it has been validated and verified for the application at hand. The ideal
approach should provide sufficicent resolution and capacity to address the important phenomena
and interactions expected and yield reasonable results for the type of problem modeled.

D-87



Appendix D - Fire Modeling

In many cascs a combination of calculation methods is required, for example, using a zonc
model to calculate hot gas layer témperatures and a flame radiation model to calculate the total
heat flux incident on a target.

An example of the combination of these variables in selecting the most appropriate approach is
shown in Table 2-1 for a target heating/damage assessment problem. In this case, if there are no
compartment effects in a problem involving a complex geometry, hand or spreadsheet
calculations may be used. For cases where the hot layer temperature or oxygen depletion
(compartment cffects) are significant, a zone model or a CFD model should be considered. For
complex gecometrics with compartment effects, a combination of zone modeling and engineering
calculations may be appropriate.

Table 2-1. Comparison of Calculation Approaches for a Target Damage Problem

Parameter

Calculation Zone Model CFD
Source Fire Term Obtain from Input data from Input data (from
correlations correlations correlations)

May calculate
interaction

Compartment Effects

Limited use for
screening calculations

Used to calculate the
smoke layer position
and temperature and
oxygen concentration

Can yield detailed
spatial resolution of the
temperature field ina
compartment

Problem Geometry

Can be used for

Simple or simplified

May be used for

complex geometries geometries complex geometries.
Thermal radiation
calculations may be
limited.
Environmental Effects Can be used to estimate Limited use Effective

the impact of wind and
smoke stratification

This table only applics to a target-heating problem. Other types of problems, such as detector or
suppression system activation, will yield different combinations of approaches.

2.4.3 Select the Model/Calculation Procedure

The purpose of this step is to identify the appropriate calculation procedure or fire model. In
many cases, some combination of engineering calculations and zone or CFD fire modeling is
necessary. Examples include using engineering calculations to determine the most severe
location that will be evaluated in greater depth; using engincering calculations to develop input
(heat releasc rate information) for a zone or CFD model; using a zone of CFD model to evaluate
the room wide effects and enginecring calculations to quantify a localized exposure; or using a
zone model for calculating the far field (areas beyond room of origin) effects and a CFD model
to calculate ncar ficld (room of origin) effects. Selecting the calculation procedurc is therefore a
matter of determining what calculations and/or models will be used to calculate which variables.
It is the responsibility of the user to have sufficient understanding of the scenario, the variables
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nceded from the evaluation, and limitations of the models involved in order to sclect the most
appropriate approach.
2.4.3.1  Engineering Calculations

This type of calculation involves the use of correlations, closed form approximations or exact
solutions that can be donc by hand or in a spreadshect. Typical examples include:

= Heat release rate of pool fires;

= Temperature and velocity in an unconfined plume or a cciling jet in a simple geometry;

* Thermal radiation heat transfer between a flame and/or hot smoke/gas layer and a target; and
= Thermal detector response in unconfined space.

These types of calculations are given in many reference texts, including handbooks (DiNenno,
2002; Cote, 2003) and reference books (Quintiere, 1998; Drysdale, 1999). NRC recently
rclcased a series of spreadsheet calculations (Igbal et al., 2002; 2003) based largely on the
mcthods described in the SFPE Handbook (DiNenno, 2002). Simplified screening versions of
thesc corrclations are the basis of the FIVE methodology (EPRI, 1992; 2002a). FPETools is
another collection of simple correlations that is available at the National Institute of Standards
and Technology (NIST) (Porticr et al., 1996). A significant consideration when selecting the

appropriate calculation procedure is the degree to which is has been previously accepted by the
NRC. An unverified model or approach may require a sensitivity analysis and validation cases.

The NRC spreadshect calculations provide a good example of the range of capacity of screening
calculations. The following calculation procedures are contained in the NRC spreadsheet
analysis software (Igbal et al., 2003):

» Hot gas layer temperaturc and smoke layer height in a room with natural or forced
ventilation.

= Heat release rate, flame height, and burning duration of a liquid pool fires and other fuel
packages.

» Flame height correlations for line fires, fires adjacent to walls, fires in corners, and bumning
vertical surfaces.

= Radiant heat flux from a source fire to a target.

= Ignition of a combustible target exposed to a constant radiant heat flux.
= Cable tray heat release rate (full-scale).

= Buming duration of solid combustible fuel packages.

» Centerline temperature in a buoyant fire plume.

= Sprinkler response time.

» Smoke detector response time.

= Hecat detector responsc time.
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» Flashover potential in a compartment.

* Firc-induced pressure risc in a closed compartment.
= Explosion-gencrated overpressures.

= Hydrogen gas generation in battery rooms.

» Structural fire resistance of steel elements.

= Visibility through smoke.

There are usually multiple approaches for any particular type of calculation. Calculations
contained in the SFPE Handbook of Fire Protection Engincering arc generally acceptable
provided they are used within a valid range.

2.4.3.2 Zone Models

There are as many as twenty different zone models in use in some form. The most widely used
zone models include CFAST, which was developed and is currently maintained by NIST (Jones
et al., 2000), COMPBURN IIIE, a combined probabilistic and zone type single compartment fire
model that has been widely used in nuclear power applications (Ho ct al., 1988), MAGIC,
available through EPRI and also widely used in the nuclecar power industry (Gautier, 2002; EPRI,
2002b), and OZone, a modcl developed and maintained by University of Licge (Cadorin et al.,
2001). Note that COMPBURN IIIE has not been maintained and is not likely to be included in
the NRC verification and validation program.

Each zone model has strengths, weaknesses, and features that should be considered when
selecting the most appropriate one to use. For example, CFAST is widely use within the fire
protection community because it is in the public domain and has been extensively verified
against full-scale test data for a number of configurations and applications (Peacock ct al., 1993;
Jones et al., 2000). COMPBRN IIIE has been used extensively in PRA applications for NPP
applications, however at this time it is not being maintained. MAGIC, which is similar to
CFAST but with somewhat less capability, has specialized features that arc designed to aid
calculations related to NPP applications (Gautier, 2002; EPRI, 2002b). A list of various zone
models and some of their features is given in Appendix C of NFPA 805. EPRI (2002a) provides
a good introduction to zone modeling and provides specific details on four fire models (FIVE,
COMPBRN lIIE, CFAST, and MAGIC). Note that NRC is currently in the process of
developing a group of models acceptable for use in nuclear power stations. In the absence of
such a list, if a model is used within its limitations and acceptable verification and validation
documentation is provided, the application should be suitable.

Zone Model Features

CFAST provide a good example of a generic zone modcl. Listed below are notable features of
CFAST that are gencrally common to other zone models:

1. The model calculates a single hot gas layer temperature, layer height, and layer
composition in each room modeled. One model may contain multiple rooms.
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2. The model does not predict fire growth rates, heat release rates, or gencration of smoke
and other products of combustion. This type of information is required as input or is
generated using engincering calculations. No effect of temperature or thermal radiation
on the fire growth is directly calculated. Ignition of combustible objects (fuel packages)
can occur based on user specified criteria (incident heat flux, surface temperature, smoke
layer tempcrature, etc.).

3. The effect of hot gas layer temperature on the firc growth history and the heat release rate

is not calculated. Such effects must be accounted for in the specification of the source

fire. This often involves an iterative process.

The model may include Natural and forced/mechanical ventilation.

Heat losses through walls are calculated via a simple transient heat conduction

approximation that assumes convection and thermal radiation boundary conditions.

6. The effects of oxygen depletion are accounted for by reducing the user specified heat
rclease rate using a predefined function of the oxygen concentration. The energy release
rate is reduced zero when a user specified limiting oxygen concentration is reached.

Yok

Selection of Zone Model

Selecting one zone model over another is largely a matter of balancing the validation and
acceptability against particular features that a particular model may possess. Specific features,
such as target heating sub-models, that may exist in onc code versus another can generally be
incorporated or integrated with any other code by combining the results with independent
engincering calculations. A significant consideration when selecting the appropriate zone model
is the degree to which is has been previously accepted by the NRC. An unverified model or
approach may require a sensitivity analysis and validation cases. Validation efforts for several
zone models are currently underway (Dey, 2002).

2.4.3.3 Field or Computational Fluid Dynamics (CFD) Models

Ficld or CFD models solve mass, energy, and equation of motion for each volume cell in a
calculation grid. The grid size is determined by balancing the accuracy requirements of the
analysis against the cost and computational time required to assess a finer grid. As a general
rule, a finer grid yields a more resolved solution and presumably because of this there is a greater
accuracy for the given the input parameters. There are studies indicating that this may not
always be the case (Petterson, 2002). One possible recason that a finer grid results could result in
less accurate results under certain circumstances is that various sub-models (combustion,
radiation, flame height corrections, etc.) are valid only over a range of cell volumes.

Note that NRC is currently in the process of developing a group of models acceptable for use in
nuclcar power stations. In the absence of such a list, if a model is used within its limitations and
acceptable verification and validation documentation is provided, the application should be
suitable.
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CFD Model Features

There are a number of CFD codes used in a wide varicty of energy/fluid flow applications. A
few have been modified to deal more effectively with fire-related phenomena (plume
entrainment, radiative transfer, ctc.). Examples of CFD models that have been used to simulate
fire and smoke conditions in various types of spaces include the Fire Dynamics Simulator (FDS)
(McGrattan et al., 2002), JASMINE (Cox et al., 1986), and Kameleon (Vembe et al., 1999).
These codes have generally been validated for some types of problems that may or may not be
rclated to NPP applications [McGrattan et al., 1998a; 1998b; Floyd, 2002; Zhang et al., 2001;
Cox et al., 1986). Currently, none of the models cited above have been completely validated and
verified for use in NPP applications by the NRC and thus may require substantial validation
excrcises or sensitivity analysis if selected.

The primary advantage of CFD models is their ability to handle the flow and mixing
characteristics of fire—induced flows in complex geometries and their ability to spatially resolve
the temperature and concentration ficlds throughout a compartment. This means that they do not
have the inherent limitation of a two-zone/two tcmpcraturc compartment environment
description that a zone model has.

Like zone models, CFD models require that the fire source be provided as input, usually in the
form of a gas evolution rate or a heat release rate per unit arca, which is analogous to mass loss
rate of a fire, a heat release rate per unit area. Some CFD models contains a solid fuel pyrolysis
sub-model that couples the heat transfer from the flames and heated compartment with the
surface burning characteristics. The use of this type of sub-model will increase the uncertainty in
the results.

CFD codes do not predict firc growth or spread across a fuel surface. Using a gas evolution rate,
the models predict the oxygen mixed with the fuel and calculate the energy release rate in that
particular cell, based on a prescribed fuel release rate.

The primary disadvantage of CFD codes is the level of effort required for computation. Most
NPP applications require multiple calculations or computer simulations to evaluate sensitivity
and limiting cases, which is a scrious drawback when considering CFD modeling codes in
conjunction with other methods. However, CFD modeling can be highly effective where used to
evaluate details or cases that are not adequately assessed by with other methods.

Selection of a CFD Code

The range and complexity of CFD codes makes selection of a specific code problematic. For
most typical fire modeling applications, FDS (Fire Dynamics Simulator) or an equivalent code
will possess many of the features necessary for successful application because of the way in
which they were developed. Some types of highly specialized problems may require features
that arc unavailable in the CFD codes currently in use by the fire protection community and will
require secking specialized CFD models that are not normally available or used for fire
modeling. These types of applications may include simulating deflagrations, detonations, boiling
liquid vapor cloud explosions (BLEVES), high velocity flows (jet fires), complex thermal
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radiation exchanges, ctc. As noted above, none of the CFD codes currently available for use
have been fully validated and verified by the NRC.

2.4.4 Develop Maximum Expected Fire Scenarios

A key concept of NFPA 805 as it relates to application of fire modeling is the maximum
expected fire scenario (MEFS). The MEFS is intended to describe the most challenging fire
scenarios that can reasonably be expected to occur. It is not intended to describe the worst case
or limiting conditions nor does it define a mere average condition. The terms reasonably be
anticipated and realistic and conservative are used in Appendix C of NFPA 805 to describe the
characteristics of an MEFS. An introductory discussion of fire scenarios with examples for six
important plant areas is given in the EPRI Fire Modeling Guide (EPRI, 2002a).

The MEFS is expected to capture the variables that are relevant to or important to the particular
analysis. For any given problem, there may be several fire scenarios that require evaluation
before an MEFS can be determined. In some cases, there may be more than one MEFS.
Establishing the scenario involves defining the problem in sufficient detail to perform
calculations and to ensure that the input parameter set represents conditions that are reasonable
and conservative.

The process of developing fire scenarios for a specific problem is also intended to capture some
probabilistic clements. For example, a self-ignited non-power cable firc may not be considered a
fire scenario because of an extremely low probability of occurrence. The integration of the fire
scenario development and probabilistic methods is a useful means to objectively develop the
range of firc scenarios that are to be considered for a given problem. Section 8.3 of this guidance
document discusses the usc of fire modeling in PRA based evaluations. PRA assessments can
also be used to screen potential fire scenarios, depending on the objective or purpose of the
modeling.

The fire scenarios that are selected for further evaluation will to some extent depend on the
problem under consideration. The MEFS that is developed to evaluate detector or sprinkler
response may be different from one that is developed to evaluate redundant shutdown circuit
spacing. This is partially duc to the fact that conservative assumptions for one analysis purpose
arc not necessarily conservative for another.

The MEFS(s) should address the following input parameters as described in NFPA 805:

Combustible materials — type, quantity, etc.

Ignition sources.

Plant area configuration — dimensions of spaces involved, target location, ctc.
Fire protection systems and features.

Ventilation — mechanical and natural.

Personnel — specifically those likely to be impacted by the fire scenario.

AR S o

The combination of items 1 and 2 will define the fire sources on which the MEFS is based. The
plant configuration will establish the geometry of the problem, including the compartment size,
the relative position of the fire sources and/or targets, and possible fire/smoke sprecad paths. If
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the objective of the analysis includes the evaluation of detcction or suppression, the details of fire
protection systems in the arca arc required. Ventilation effects include mechanical and natural
ventilation.

Parameters associated with mechanical ventilation, if present, include the supply, exhaust, and
re-circulation air flow rates, the position of thermal or detector activated fire dampers, the
location of the detectors which actuate the dampers, the location of any fans (in order to evaluate
thermal effects), the position of supply and exhaust duct openings, and the fan performance
curves. Fan shutdown due to automatic or manual means, the actuation of firc suppression
systems or as a result of excessively high temperatures in the flow path may need to be addressed
in the analysis. Parameters associated with natural ventilation (openings) include the size and
location of each opening in the area(s) considered, the compartments to which they are
connected, and the ambicnt pressure differentials between these compartments. Also, any
changes in the configuration that may occur over the course of the scenario should be identified.
These include doors opening or closing, fire dampers activating (closure), fan shutdown criteria,
and other ventilation system reconfigurations.

If personnel exposure to combustion products is a consideration, as would be the case if
personnel actions are necessary in an arca where a fire is postulated, then the number persons
and their relative position would be required as input.

2.4.4.1 FireSource Variables

One of the most critical tasks in defining a fire scenario is the description of the firc source term.
Most fire models require the user to specify the fire source term or use empirically derived data
or corrclations. This requires that the user specify a priori all of the details of the firc as a
function of time. This involves specifying one or more of the following:

1. The heat release rate or mass loss rate as a function of time.
The spatial position of the fire(s) within the compartment in which they arc modeled
relative to some reference point or an origin.

3. The yield of soot and various gas products from the fuel source.

4, Fuel stoichiometry and limiting oxygen values.

All of these values may not be required, as different types of evaluations and approaches will use
different combinations of parameters.

The fire source variables must be considered in the context of the maximum expected conditions
or the most severe result given the cvaluation goal. The sclection of maximum expected source
term parameters is sensitive to the type of analysis being performed. For example, maximizing a
radiation fraction may pessimize the heat flux to a target in the lower layer but reduce the hot
layer gas temperature. If the calculation is intended to cvaluate detector response, the selection
of a slower rate of firc growth or a smaller fire would be a more appropriate MEFS in that the
actuation time will be maximized. Since there are often multiple objectives of a modcling
assessment, multiple MEFS specifications may be needed to pessimize each objective for the
intended initiating fire scenario.

D-94



Appendix D - Fire Modeling

Often it is not possible to identify the most reasonable and conservative set of parameters. This
often occurs when evaluating scenarios where oxygen depletion and mechanical ventilation are
involved. Since the balance between fire size or fire growth rate and the ventilation rate are
important, use of the largest expected fire size or fastest growth rate docs not always result in the
most severe conditions. In such cases, it is often necessary to perform multiple iterations to
determine the maximum expected conditions for a given fire scenario.

Compartment effects on the fire source variables, if not treated adequately by the model used,
must be accounted for by other calculations or demonstrated to be unimportant. Also, fire spread
paths between objects must be evaluated prior to performing the calculation to cnsure that either
a) the model or calculation accounts for ignition, spread and subsequent contribution of
additional combustible fuel packages or that b) the input firc source term contains the heat
release rate contribution of remotely ignited or contiguous combustible materials.

Specific guidance on fire source terms is given in Scction 3 of this appendix.

2.4.5 Perform Calculations and Evaluate Results

The next step the analysis is to perform the calculations using the MEFS and the methods
previously selected. The most important aspect of this step is to provide all nccessary input data
in the correct form for the model or calculation being used.

Once the results are obtained, they are checked against the performance criteria identified by the
problem description. This can be as simple as comparing the calculated incident heat flux to a
critical flux or it may involve determining what type of approach is should be used when
performing additional calculations.

If the calculated results are show that performance criteria is not met or if the safety margin is
outside an acceptable range for the type of problem considered, then the use of a more refined
model or a less conservative calculation procedure should be considered.

2.4.6 Limiting Fire Scenarios

NFPA 805 requires that the conditions under which failure (exceeding the established
performance criteria) occurs be identified. The set of input variables that result in a failurc
condition is termed the limiting fire scenario (LFS). The development of the LFS(s) is
essentially a sensitivity analysis performed to identify which combinations of input parameters or
variables are critical to the analysis.

The particular variables to be evaluated depend entircly on the problem being evaluated. Ata
minimum one would expect to vary the following until a failure condition results:

The heat release rate per unit area and/or the total heat releasc rate.
The fire growth rate or the flame spread rate

The flame radiative fraction or the radiative power.

The location of fuel package relative to target (if variable).

S
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In some cases, calculating the LFS will necessitate postulating large fire sources. Depending on
the problem, many other input parameters may require evaluation. Once the range of limiting
fire scenarios has been established and calculated, one can evaluate whether an adequate safety
margin exists. Note that the term “safety margin” has a specific meaning in risk-informed
applications and is discussed in Section 4.4.2.2 of the main body of the guide. Fire modeling
safety margin is typically characterized as the difference between MEFS and LFS. The term
“safety factor” also is used in the enginecering and fire protection professional community to
address uncertainty (including Appendix C of NFPA 805). The concept of a safety factor is that
values are multiplied by the safety factor and the results are checked at the different value (the
product of the original valuc and the safety factor). In the overall assessment of safety margin,
different parameters can be varied using a safety factor, as discussed in Section 2.4.7.

2.4.7 Safety Margin

At this point in the analysis, the MEFS(s) and the LFS(s) have been established. An evaluation
and assessment of the safety margin of the analysis can now be performed. The safety margin is
normally bascd on one or two key scenario elements, such as the heat release rate or the critical
heat flux. In some cases, the heat release growth rate may be important. For example, in
calculating the time to flashover in a compartment fire, the growth rate of the fire may determine
when or if flashover conditions will be reached. Depending on what the time to flashover result
will be used for, a safety factor calculated on the basis of the time to flashover or the fire size at
the time to flashover may be appropriate.

The safety factor is intended to ensure that the analysis reflects uncertainty in the MEFS, the
evaluation method(s) used, and the performance criteria. There is no single recommended safety
factor or method for its evaluation. A reasonable or appropriate safety factor depends entirely on
the situation under evaluation. Where very conservative assumptions are cmbedded in simple
screening calculations, the safety factor may be less than one that is associated with very detailed
calculation or a scenario with a significant degree of uncertainty. This is highlighted by example
in Scction 4.1 of this appendix. For cases where the screening analyses are used in support of a
Fire PRA, a safety factor of at least two relative to expected fire size is recommended (see
Section 8.4 of this guidance document). A larger safety factor may be warranted, depending on
the uncertainty in the input parameters and the conservatism of the calculation.

One design method that provides a recommended factor based on comparisons of predicted
versus measured data is summarized by the SFPE (1999). This guide presents simplified
methods for calculating thermal radiation from a flame to an cxternal target. The design guide
recommends a safcty factor of two when using the screening methods described thercin. That is,
the calculated heat flux should be at fifty percent or less than the critical heat flux for the target
to meet the performance criteria, if based on heat flux. This safety factor is based entirely on a
comparison between various calculation methods and full-scale data and adequately captures the
uncertainty in the incident heat flux given a source fire. If there is additional uncertainty in the
source fire, then an additional safety factor may be required.

In most fire engineering calculations the primary uncertainty is in the specification of the heat

release rate of the fire. The uncertainty associated with the calculations can vary widely. Some
simple calculations, such as the temperature in a thermal plume, arc effectively correlations of
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data and are rcasonably accurate, within twenty percent or so given the heat release rate. For
these types of calculations, the primary source of uncertainty is the source fire heat relcase rate.
Some types of fires are better characterized than others. For example, the heat release rate of a
liquid pool fire in a curbed may be calculated with a relatively small uncertainty. The heat
relcase rate from a complicated three-dimensional arrangement of Class A and Class B
combustible materials may be estimated from test data of similar items (individually or
collectively), but the estimate will also pronounced uncertainty associated with it. If a
rcasonably well-defined fuel package is identified, a safety factor of two on the critical heat
release rate versus expected heat release rate is often adequate may even be unnecessarily high
depending on the uncertainty in the fire size. The appropriateness of this safety factor depends
entirely on the specific situation considered.

The required safety factor may also depend on the failure condition or performance criteria
established for the problem considered. For example, the use of a steady state critical heat flux
value for establishing cable failure is inherently conscrvative because heat loss terms are ignored
and it is assumed that the cxposure duration is long relative to the transicnt response of the target.
For short duration fire exposures (less than ten minute), an acceptable safety factor will be less
than that for a longer duration fire if failure criterion is based on stcady state conditions. The
analysis could be modified to take into account other important processes to yield a more
rcalistic result. In this case, an even larger safety factor may be preferred because some inherent
conservatism has been removed from the evaluation.

The appropriate safety factor is a function of the problem being evaluated, the uncertainty in the
calculation method used, the uncertainty in the definitions of the MEFS and the definition of the
failure conditions or performance requirements. As a minimum, the safety factor should bound
the uncertainty in the evaluation in terms of the source fire, critical value, and any other
significant parameter. Thus an evaluation with little uncertainty requires a smaller safety factor
than onc in which there are several parameters with a significant uncertainty associated with
each.

In the event that the calculated safety factor is deemed inadequate, there are two options
available. The first involves using a more accurate calculation procedure and more
representative failure criteria (e.g., cable temperature versus critical steady state heat flux). This
approach removes embedded conservatism from the analysis and generally requires more
sophisticated calculation methods than those methods initially sclected. For example, it may
involve the use of a more realistic representation of the fire source as input for radiative heat
transfer calculations in lieu of a simplified equivalent point source assumption. The second path
involves evaluating the initial conditions and input parameters to ensurc that they represent a
maximum expected versus worse case limiting conditions. Alternatively, the MEFS may be
revised to reflect more restrictive conditions of operation or hardware solutions, such as thermal
radiation shields or additional insulation, or removal of a combustible fuel source.

Since it is not unusual to initially perform screening or bounding calculations, subsequent

refincment of both the calculation method /model sclected and the input parameters used to
determine the MEFS is a normal part of the evaluation process.
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2.4.8 Documentation

The assumptions, methods, input data, and the results should be documented in sufficient detail
to permit a reviewer to reconstruct the analysis and check all relevant calculations and results.

At a minimum the documentation should include the following clements:

1. Description of Problem
a Objective of the analysis
b Regulatory basis
c. Plant arca or compartment
d Plant configuration assumptions
e Performance objectives
2. Calculation Mecthod(s)
a. Description of the calculation approach
b. Reference to applicable equations used in analysis
c. Model(s) name and version number
d. Model validation/applicability references or information
c. Assumptions and assumption bases
3. Maximum Expected Fire Scenario Description
a. Scenario sclection
b. Scenario description

Compartment/firc arca physical description as rclated to scenario

d. Ventilation configuration and size/flow rates
c. Ambient environmental conditions
f. Source fire location, Rate of heat releasc as a function of time (Q ) ), and related
parameters
g. Failure criteria
h. Data sources
4, Input Data
a. Complete sct of input data used for all calculations
b. Copies of input files used for computer models
5. Results
a. Complete sct of all calculation results
b. Copices of output files from computer models
c. Relevant validation data if required
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6. Limiting Firc Scenarios
a. Set of input conditions resulting in failure/cxcecding the performance criteria
b. Range of variables evaluated
c. Calculated safety margins
d. Discussion of uncertainty in the analysis
7. Conclusion/Summary/Recommendations (if applicable)

All documentation should meet the relevant quality assurance provisions. In some cases it will
be advisable and/or necessary to include the model assumptions, data and results into the plant
firc protection program.

3.0 Fire Source Terms for Maximum Expected Fire Scenarios

This section describes methods for developing the MEFS(s) for selected fuel packages.
Additional information and guidance is available in Appendix E of the EPRI Fire PRA
Implementation Guide (EPRI, 1995; 2000), the EPRI Fire Modeling Guide (EPRI, 2002a), the
SFPE Handbook (DiNenno, 2002), and many of the references listed in Scction 6 of this
Appendix. Guidance presented in this section is not intended to be a complete discussion of a
specific topic, nor is it intended to preclude the use of any other methods.

3.1 Pool Fires

MEFS that involve liquid pool fires can be developed using the following guidance:

Pool Fire Size

1. For confined spills, where curbs or equipment enclosures form the boundaries of a pool
spill, the enclosed arca is the maximum spill area.
2. For unconfined spills, a steady state pool size can be calculated using data given by

Gottuk et al. (2002). Unconfined spills have fuel depths in the range of 1 —3 mm and the

burning rates are typically about one-fifth those for confined spills having the same area.
3. For unconfined spills where the fuel continues to flow, it is reasonable to derive an

cquivalent steady state pool size that results in a burning rate equal to the spill flow rate.

Spccific data and calculation methods on liquid fuel fires can be found in Gottuk et al. (2002).

Spray Fires

The effect of pressurized liquid spray fires cannot presently be modeled using readily available
tools. The overall impact of spray fires in a compartment can be approximate by treating the
spray as a heat release rate source term. This is a reasonable assumption if the spray is of
sufficiently low momentum such that entrainment of air into the spray is not significant and the
size of the liquid jet is not a large fraction of the compartment floor arca. Limited data on spray
fires is given in Appendix E of the EPRI Fire PRA Implementation Guide (EPRI, 1995; 2000).
Note that in many actual spray fires, energy is contributed from both the spray fire and a pool
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firc that forms under the spray. CFD methods are available for calculating the details of a spray
flame, but these are not available for general design or analysis. Limited data on radiation
calculations from spray and jet flames is given by Beyler (2002). Target exposure calculations
involving spray flame exposures require significant additional care.

3.2 Transient Combustibles

In most plant arcas, it is nccessary to postulate a transient fucl fire source given the transient fuel
loads. Transicnt fuel loads arise from normal operating conditions as well as maintenance or
testing activitics. Depending on the location in the plant and the general area use, transient
combustibles will comprise at a minimum, of one or more trash or refuse bags. Large refuse
bags may have heat release rates in the range of 150 — 350 kW, depending on the nature of the
contents, packaging density, size and weight. Other transient loads, including lubricating oil,
packaging material, and fumniture items should be included as appropriate. Transient
combustible materials should take into consideration transient loads allowed within the plant Fire
Hazard Analysis and the combustiblc control program. Data on heat release rate characteristics
of transient fuel loads is given in Babrauskas (2002), Babrauskas ct al., 1992; and Grayson et al.
(2000). The EPRI Firc PRA Implementation Guide also contains specific guidance for transient
fuel loads in Appendix E (EPRI, 1995; 2000).

Transient loads arc included in the MEFS and LFS as appropriate by postulating transient loads
in addition to normal fuel loads.

3.3 Cabinet Fires

Heat release rates for electronics cabinets can be developed using data from large-scale cabinet
fire tests using equipment similar ventilation and fuel loading. Two cabinet heat release rate
values mecasured by Chavez (1987) are in widespread use for fire PRA evaluations. In these
cvaluations, a lower heat release rate (65 kW) is used when the cables arec IEEE-383 qualified
and only one small cable bundle is expected to be involved. For other cases involving IEEE-383
qualified cables, 200 kW is assumed (EPRI, 1995; 2000).

The heat release rate from electronics cabinets is a function of the cabinet ventilation, the
combustible fuel load in the cabinet, and the fuel distribution within the cabinet. Fire testing
conducted by Chavez (1987) and Mangs et al. (1994, 1996) attempted to evaluate the impact of
thesc variables on the cabinet firc heat release rate. A summary of the test conditions is provided
in Table 3-1. Transient heat release rate profiles for various cabinet fires are shown in Figure 3-
1. Additional data is available in the EPRI Firc PRA Implementation Guide (EPRI, 1995; 2000).
This guide gives energy release rate data for cabinet fires as a function of cabinet fucl loading,
cable type and ventilation opening.
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Table 3-1. Electronic Cabinet Fire Test Conditions

Ventilation Area (m?) ‘el Load | Peak HRR Fire
TestNo. | Ref. Type Lower | Upper ru:MJ) : (k\lv) Dl(l;;::)o n
VITI1 | [1] \g’;‘(‘)ﬁg‘;ﬁ 0050 | 0.1 925 | 385at 40 min. 105
VTT-12 ] Vent Grills 0.040 0.079 455 50 at 14 min 45
VTT-13-2 1] Vent Grills 0.040 0.079 1,400 180 at 15 min 125
VTT-111 [2] Vent Grills 0.0097 0.054 1,500 175 at 36 min 105
VTT-112 2] Vent Grills 0.0097 0.054 1,600 110 at 32 min 120
VTT-1I 3 [2] Vent Grills 0.0097 0.054 1,500 100 at I3 min 120
ST#10 3] Vent Grills 0.14 0.14 600 280 at 11 min 50
PCT #1 3] Vent Grills 0.14 0.14 780 185 at 12 min 60
PCT #2 [3] Open door 1.30 1.30 1,000 950 at 11 min 40

1. Mangs et al. (1994) 2. Mangs et al. (1996) 3. Chavez (1987)

Heat Release Rate (kW)
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Figure 3-1. Heat release rate of individual electronic cabinets in the cable spreading room. Curve
#1 from ST#2 and PCT#1 (Chavez, 1987), Curve #2 from PCT#2 (Chavez, 1987), Curve #3 (Najafi et
al,, 1999), and Curve #4 from Test 1 (Mangs et al., 1894),

D-101




Appendix D - Fire Modeling

Often, cabinets are located adjacent to or close to other cabinets. The potential for fire spread
between adjacent cabinets can be estimated using experimental data from tests conducted by
Chavez (1987) and Mangs et al., (1994, 1996). Chavez (1987) found that electronic cabinets that
are not separated by an air gap may transmit sufficient heat to allow auto-ignition of cables in the
adjacent cabinet. Wall temperature data obtained from by Mangs ct al., (1994, 1996) indicates
that fires will spread to adjacent cabinets approximately ten minutes after ignition of the initial
buming cabinct.

A heat release rate curve that combines the heat release rate contribution of individual cabinets
with the expected ignition delay between cabinets is shown in Figure 3-2. In this example, fire
spreads from a transformer to three adjacent electronics cabinets.

High Voltage Faults

None of the clectronic cabinet fire data currently available are relevant to the case of a high
voltage arcing failure (NRC, 2002). No existing fire modcling calculation method can deal
directly with these types of events. An approach to treating such scenarios would be to account
for the initial electrical energy relecase as a zero oxygen consumption heat release rate and then
assume ignition of all combustibles within a certain radius (1 —2 m). Fire spread beyond this
initial ignition zone could then be treated by existing methods as appropriate. Since the energy
rclease rate for all models is given as input data, such an approach would ecnable the user to
cvaluate compartment-wide effects of such initiating events.

Fire Origin -
: : 20 min
E p Omin | 10min_]J_ !
#1 #2 #3
Transformer

Top view showing fire spread to adjacent cabinets.
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Figure 3-2. Heat Release Rate Profile and Depiction of Fire Spread from a
Transformer to Adjacent Cabinets.

3.4 Cable Fires

Cable fire growth rates may be approximated by empirical correlations relating bench scale heat
release rate data to full scale fire spread and heat release rate data. The heat release rate and fire
spread characteristics are strongly dependent on the following variables:

The cable jacket and insulation material.

The number and size of the cable conductors.

The cable construction.

The density and arrangement of cables in the tray, bundle, ctc.
The cable orientation (vertical/horizontal).

The presence of fire retardant material on the cables.

AR

The range of heat release rate data for a given type of insulation and jacket material varies
widely. For example, heat release rate data for PE/PVC cable construction can vary between 200
kW/m? and 600 kW/m? for IEEE 383 qualified cables. Empirical data is available only for a
small fraction of all cables current in use, so approximations arc necessary when evaluating cable
tray fire scenarios. A sample method that treats a cable tray fire a line fire that spreads in two
directions is provided below. Other approaches may be used as appropriate.

D-103



Appendix D - Fire Modeling

The heat release rate per unit length of the cable tray system is a function of the plan arca of the
cables as follows:

G = 95 Wpe 0]

where g7 is the full-scale single cable tray heat rclease rate (kW/m?) and W), ¢ is the maximum
plan width of the cables (m). The plan width is equal to the sum of all individual cable outer

diameters or the actual cable tray width, which ever is smaller. If there are multiple trays, the
total plan width includes the plan width on each cable tray within the array.
The full-scale heat release rate per unit area is determined using the equation (Lee, 1985):

gy = 045-¢;, (2

where ¢;! is the heat release rate per unit area measured at an incident heat flux of 60 kW/m?in a
bench-scale (cone calorimeter) apparatus.

. Buming Duration

The bumning duration at a single point is in direct proportion to the quantity of combustible
material available and the burning rate. The following equation is used to determine the burning
duration:

Ql
Qror

€))

Id=

where 14 is the fire duration at a specific location (s), and Q' is the energy load of the cable tray
system (kJ/m).

Spread Rate

Evidence suggests the spread rate in cable tray fires is a function of the bench-scale heat release
rate (Lee, 1985). Lee (1985) correlated bench-scale data to moderate-scale tests in terms of an
area spread rate for a single cable tray array. The cable tray array contained six tiers or two
cable trays. Each individual tray within the array was 0.5 m wide (Sumitra, 1982).

As noted by Lee (1985), the correlated area spread rate is valid “...only to [for] cable tray
arrangements, cable packing densities, and exposure fircs similar to those tested by Sumitra.”

The arrangement of the cable tray system is typically smaller than thosc that were tested.
Consequently, some modification to the Lee (1985) methods is required before the test results
can be applied to the configuration at hand.

The correlation derived by Lee can be modified using the actual test observations by Sumitra
(1982). Sumitra noted the number of trays involved before the onsct of suppression for cach test.
This information, along with the bum area at the time suppression as determined by Lee (1985)
was used to calculate the actual flame spread rate. Figure 3-3 shows the flame-spread rate versus
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bench-scale heat releasc rate along with a linear curve fit. The following correlation is obtained
from the linear curve fit of the data:

v, = (155E-3)-¢,. - 125 4)

where v is the flame spread rate (mm/s) in one direction on horizontal cable tray.

@ 3
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(3] Linear Curve Fit of

o Test Data
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s from Test Data
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Figure 3-3. Horizontal Flame Spread Rate as a Function of the Unit Heat Release Rate

The flame spread velocity as calculated using Equation 4 may be compared to other test data on
cable trays and cable fires for validity. Tewarson et al. (1993) observed that the horizontal flame
spread velocity in communications cables is about 0.6 mm/s for a three-tiered cable tray
arrangement. Investigations of a power cable fault fire (FTIC, 1989) concluded that the spread
velocity in these cables was about 2 mm/s. Vertical cable trays with various types of cables have
been shown to have a flame spread rate between 2 mm/s and 7 mm/s and presumably represent
an upper bound spread rate (Tewarson et al., 1988). Thus, the horizontal cable tray flame-spread
rate is expected to lie between 0.6 — 7-mm/s, which is nearly the case for Equation 4 over the
expected range of unit heat release rates for cables.

Another consideration when estimating the cable tray flame spread rate is the packing density.
Test data on vertical cable tray tests indicates that the flame-spread rate in cables is scnsitive to
the packing density (Hasegawa et al., 1983). Hasegawa et al. (1983) found that cable trays with
a packing density of twenty-five percent had a fifty percent or greater reduction in the peak flame
spread rate. Cable trays with a packing density approaching one-hundred percent also exhibited
a flame spread rate reduction.
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Alternative (and lower) flame spread rates for cable arrays are given in the FIVE method
documentation (EPRI, 1992), and discussed in the EPRI Firc Modecling Guide for Nuclear Power
Plant Application (EPRI, 2002a).

Spread Distance

The maximum flame spread distance from the point of origin in one dircction is
X, =4y, (5)

where X; is the distance the flame spreads from the origin before the onset of burnout (m). Note
that the total spread distance is fwice this value because it is assumed that flame spread occurs in
two directions.

The method described above is applicable for single horizontal cable tray arrays. Vertical arrays
spread flame much more quickly as noted above. No generic method exists for calculating or
estimating this sprcad rate. For many problems vertical flame spread may be assumed to happen
instantancously.

For complex horizontal cable array geometries (such as those which typically occur in cable
spreading areas), a bench to full-scale spread correlation (viz., Equation 2) may be used to
estimate the amount of cable involved if a slow or medium ‘t*” growth rate fire is assumed. Note
that none of those methods account for the change to flame spread rates that occur as the
compartment heats up. As cables beccome immersed in hot gases and their surfaces preheated,
the flame spread rate will increcase. Methods for approximating the increase in flame spread rate

can be derived from methods used to calculate flame spread on combustible surfaces (Quintiere,
2002).

It is not presently possible to directly account for the effects of coatings on electrical cables
without additional full or bench-scale data. Reference to full-scale cable tray test data may
provide some guidance in establishing source fire characteristics of coated cables (Klamerus,
1978). At a minimum, coated cables passing IEEE-383 can be reasonably expected to cqual the
performance of IEEE-383 qualified cables from the standpoint of damageability.

4.0 Guidance on Application of Engineering Methods
This section provides guidance and reference material on the use of engincering methods and
models for specific applications.

4.1 Damage or Ignition of a Target

This category of problems is widely encountered in NPPs due to its relationship with prescribed
minimum scparation distance requircments between certain systems and circuits. The general
problem can be subdivided into two cases, one where the room size is large and the source fire
relatively small such that compartment effects are negligible, and the other where compartment
heating and/or oxygen depletion effects are expected to be significant.
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4.1.1 Target Exposure: Negligible Compartment Effects
Plumes and Ceiling Jet Exposurc

This case is illustrated schematically in Figure 4-1. Three sample target positions, T1, T2, and
T3, arc shown in Figure 4-1. Location T1 represents a target tat is immersed in the plume at
some elevation above the flame. The axis-symmetric plume temperature may be calculated
using methods found in Igbal et al. (2002; 2003), FIVE, (EPRI, 1992; 2002a), Lattimer (2002) or
Heskestad (2002). For linc type flames and plumes or fires against walls or in corners, diffcrent
corrclations may be required (Igbal et al., 2003). Location T2 represents a target within the
ceiling jet zone. Correlations for estimating the temperature and velocity in a ceiling jet are
available in Igbal et al. (2002; 2003), Alpert (2002), Lattimer (2002), or FIVE (EPRI1, 1992).
These cases can also be evaluated using computer codes used for detector/sprinkler activation,
for example, DETACT-QS/T2 (Porticr et al., 1996; Evans ct al., 1985; 1986) and LAVENT
(Cooper, 1990).

Ceiling Jet

Figure 4-1. Schematic of Target Exposure, No Compartment Effects

Where plumes or ceiling jets may flow through highly obstructed paths, as would be the case
near the ceiling of a cable spreading room, the use of the methods described above could over-
predict temperatures. Also, a target that is located outside of the flow path in an unobstructed
configuration may become immersed in obstructed configuration. If such considerations arc
critical to the evaluation, then detailed calculations (such as a CFD analysis) should be pursued.
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The temperatures calculated for both plume and ceiling jet exposures are typically maximum
values and occur along centerline of a thermal plume and near the ceiling for ceiling jets. If the
target is not on the centerline, there are correlations for the temperature variation as a function of
the distance from the maximum value that may be used. Heskestad (2002) gives the necessary
corrclations to perform this calculation for thermal plumes. In most applications (particularly for
low ceiling heights), the use of maximum plume or ceiling jet temperature is most appropriate
and recommended.

Flame Radiation

In the situation noted by the target location T3 in Figure 4-1, the primary exposure is flame
radiation. This problem can be readily evaluated if the flame is approximated as a circular
source with a simple target-flame gcometry. Techniques are summarized in Beyler (2002),
SFPE (1999), and Igbal et al. (2002; 2003).

Geometries that involve non-circular fire source (e.g. line fires), or irregular flame-target
positions, intervening flame shields, etc., require a more complex calculation method. Beyler
(2002) and Heskestad (2002) summarize several methods that address complex configurations.

For complex geometries, the general process for calculating flame radiation effects is as follows.

Estimate the fire heat releasc rate.

Establish the dimensions of the flame base.

Calculate the flame height.

Estimate the emissive power at flame:

a. Usc the radiative fraction of the total heat release rate divided by the flame
surface area; or

kA

b. Usc the average flame temperature and emissivity; or
c. Use an empirical corrclation based on the fire diameter and other parameters.

5. Calculate view factor from flame to the target, accounting for flame shields and other
obstructions.

6. Apply any corrections for the transmissivity through boundaries and absorption by
intervening gas (can be neglected for most cases).

7. Calculate the radiant flux at target.

This procedure described above may be used for most flame and flame/target gcometries.
Summarized below is the application of four different flame radiation calculation methods of
variable complexity. The examples illustrate the relationship between methods used and the
appropriate safety margin.

Comparison of Flame Reduction Calculation Methods

An cxample of applying various calculation procedures and the effect it has on the appropriate
safety margin is given in this section. Four methods for calculating flame radiation are described
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and compared with experimental data. The basis for comparison between the methods is
calculated heat flux for the data sct used to validate the point source model.

Classical Point Source Method

The classical point source model was used in this analysis because it is simple to apply and it is
the only method that does not require a determination of the diameter of the fire. The point
source model assumes that the radiant cnergy is released at a point located at the center of the
firc. The heat flux is inversely rclated to the scparation from a source fire the following equation
(Drysdale, 1999):

. 1,0,
qg = 2
47R

(6)

where ¢" is the heat flux (kW/m?) at a distance R (m) from the center of the flame, /7, is the is
the encrgy fraction released as thermal radiation, Q,, is the peak heat release rate (kW). As can

be scen in Equation 6, only the peak heat release rate and the separation distance are required to
calculate the heat flux to a target.

In most instances, the fraction of encrgy released as radiation varies between 0.03 and 0.45
(SFPE, 1999; Tewarson, 2002) with most data falling between 0.1 and 0.3. A value of 0.35 is
initially assumed in the following example analysis and based on comparison with the available
test data an appropriate safety margin is determined. Note that assuming a different value would
result in a different safety margin but not a different conclusion. It is also assumed that the
separation distance R is cqual to the horizontal distance between the edge of the source fire and
the edge of the target. Because the horizontal scparation distance will always be less than the
distance to the center of the flame, the heat flux values predicted by Equation 6 will be more
conservative using the horizontal separation distance. Equation 6 has been compared to actual
test data from pool fires with diameters of less than 3 m because it is expected that the
assumptions described above would not apply to large diameter source fires. Table 4-1
summarizes the experimental data sets that were used in this comparison. Figure 4-2 shows a
plot of the measured versus predicted heat flux values Equation 6 using an assumed radiative
fraction of 0.35 as described above and a separation cqual to the horizontal distance from the
edge of the source fire.

Although most of the target heat fluxes are conservatively over-predicted, there are still enough
data points that arc under-predicted to warrant the use of a safety margin.
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Table 4-1. Summary of Experimental Data Compared with Point Source Model Predictions

Data Reference Type of Fuel Fire Diameter (m) Numi),cx: of Data
oints
Seeger (1974) Fuel Oil 1.6 4
Yumoto (1977) Gasoline [1.0to 1.5 11
Dayan et al. (1974) JP-4 1.2 4
Dayan et al. (1974) JP-5 241031 8
Hagglund et al. (1976) Jp-4 1.1t102.3 1
Koseki et al. (1991) Crude Oil 1.0 t03.1 5
Koseki et al. (1988) Heptane 1.0t02.0 2
Koseki et al. (1989) Heptane 3.1 1
100 [ Ty T
s QO 1r.4.3P.5, Gasoline. & Fucl 01l Pool Fue
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M8 Civde O Pool Fue
W  Heptone Pool Fue
° ]
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Figure 4-2. Predicted Versus Measured Target Heat Fluxes Using the Classical Point
Source Model

Figurc 4-3 shows point source model predictions using a safety margin of 1.5, an assumed
radiative fraction of 0.35 as described above, and a separation distance cqual to the horizontal
distance from the edge of the source fire. As can be seen, all of the data is either accurately
predicted or conservatively over-predicted. In some instances the heat flux is over-predicted by
a considerable amount. Nevertheless, Figure 4-3 shows that with some relatively moderate
assumptions to the initial model, the calculation can be shown conservative for a wide range of
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fuels and fire sizes without the need for evaluating fire specific paramecters such as the diameter
and flame height.

Figure 4-3. Predicted Versus Measured Target Heat Fluxes Using the Classical Point Source Model
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Shokri and Beyler Correlation

The Shokri and Beyler correlation requires the determination of the fire diameter. The following
cquation is used in this method to calculate the heat flux to a target (Shokri et al., 1989):

~1.57
§" = 15.4(%) )

where D is the source fire diameter (m). The radial scparation R is the distance between the
center of the source fire and the edge of the target. Figure 4-4 shows the predicted heat flux
versus the measured heat flux at a target for the same data set used to validate the point source
model. Figure 4-4 shows that the Shokri and Beyler correlation under estimates about half of the
data points and over estimates the other half. This is the basis for a reccommended factor of
safety of two in the SFPE Engineering Guide (SFPE, 1999).

Detailed Method of Shokri and Beyler
Shokri et al. (1989) present a more detailed method than the Shokri and Beyler correlation
summarized above and the results are improved. The heat flux to a target is calculated using th

following cquation: '
q"=EF (8)
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where E is the emissive power of the fire flame (kW/m?) and F is the radiation vicw factor
between the target and the flame. The emissive power of the flame is determined using the
following equation (Shokri et al., 1989):

E= 58 . 10-0.008230 (9)

where E is in kW/m? and D is in meters. The configuration factor between the target and the
flame is a function of the flame height, the fire diameter, the shape of the flame, and the
orientation of the target. Shokri and Beyler assume that the flame can be approximated as a
cylinder with a diameter equal to the diameter of the source firc and a height equal to that of the
flame. The equations for this radiation configuration factor gcometry are summarized in Shokri
ct al., (1989). Figure 4-5 shows the predicted versus measurcd target heat fluxes for the same
data set used to validate the point source model. The figure indicates that this method is much
better than the Shokri and Beyler correlation, though some data is still underestimated, hence a
lower factor of safety may be warranted.
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Figure 4-4. Predicted Versus Measured Target Heat Fluxes Using the Shokri and
Beyler Correlation
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Figure 4-5. Predicted versus Measured Target Heat Fluxes Using the Shokri and
Beyler Procedure

Method of Mudan and Croce

The method of Mudan and Croce is similar to the detailed Shokri and Beyler method, however
different correlations for the flame height, flame emissive power, and the shape factor are
employed. This method is summarized in Beyler (2002) and by SFPE (1999).

Sample Application Comparing the Four Heat Flux Models

This section presents an application that compares the calculated predictions of each heat flux
model. The sample fuel package is a 1.5 m diameter combustible material fire. The assumed
heat release rate per unit arca is 400 kW/m?. The incident target heat flux at several distances
was calculated using each of the four methods discussed above. Table 4-2 summarizes the
predictions of each method. The point source model and the Shokri and Beyler correlations,
both of which are screening methods, yield the most conservative results near the source fire and
is the next most conservative method at distances away from the fire. It should be noted that all
correlations are conservatively applied in this case in so far as the fuel package is treated as a
pool fire. The results in Table 4-2 suggest that the safety margin is generally greater for the
screening methods near the source fire, where the greatest error would be expected, and
approaches the more detailed methods at distances away from the source fire.
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Table 4-2. Comparison of Heat Flux Predictions for Miscellaneous Fire Example

Heat Flux (k¥V/m?) at
Method 05m | 1.0m 1.5m 20m | 25m
Point Source Model' 117 29 13 7.3 4.7
Shokri/Beyler Correlation 86 29 15 10 7
Detailed Shokri/Beyler 31 17 10 6.9 49
Mudan/Croce Method 67 39 25 17 12

'Point source model with a safety margin of 1.5 and a radiant fraction of 0.35.

4.1.2 Target Exposure: Significant Compartment Effects

Compartment effects arc critically important to fire engincering calculations. These effects
manifest themselves in scveral ways. It is important to ensurc that any analysis captures these
effects where important. They include:

1. The formation of a hot gas layer that thermally exposes all elements located within that
layer. At relatively low temperatures, this exposure is primarily convective, and as this
temperature approaches 500°C, thermal radiation heat transfer begins to dominate. In
many cases both heat transfer mechanisms should be accounted for.

2. The hot gas layer causes an increase in plume and ceiling jet temperatures since the
plume and jet arc entraining heated air. Any calculations involving dircct exposure from
a plume or ceiling jet that entrains heated air must account for this cffect.

3. The hot gas laycr has a reduced oxygen concentration. This has two primary cffects. The
first is that when the flame zone is immersed in the hot gas layer, the flame entrains gases
and air at reduced oxygen concentrations. This results in lengthening of the flame and a
decrease in heat release rate/unit length of the flame (energy release rate). This same
effect will cause an increase in soot production and in the yield of carbon monoxide
(CO).

4. At clevated hot gas layer temperatures, radiation from the hot gas layer will cause an
increase in the burning rate of objects located within the layer and eventually radiation
from the hot gas layer will increase the burning rate of objects located below it. In the
limiting case (flashover), objects below the hot layer will ignite and the compartment fire
will transition to a post-flashover, and often ventilation limited, state.

In any given analysis, some or all of the above effects may not be significant or they may be
readily accounted for. A small fire in a large space is an idcal example of such a case.
Nevertheless, compartment cffects should always be considered, and if they are found to be
insignificant, appropriate documentation should be provided.

A typical case where compartment effects are or may be important is depicted in Figure 4-6.
There are two basic approaches to these types of problems. The first involves using engineering
calculations to calculate plume and ceiling jet exposures (T1, T2) as if there were no hot layer.
Then estimate the hot gas layer temperature using either engineering calculations such as Igbal et
al. (2002), Walton et al., (2002), zone models such as CFAST (Jones ct al., 2000) or MAGIC

D-115



Appendix D - Fire Modeling

(Gautier, 2002; EPRI, 2002b), or ficld models such as FDS (McGrattan et al., 2002) or
JASMINE (Cox ct al., 1986). The average hot gas layer temperature rise duc to compartment
heating is then added to the temperature increase due to the plume or ceiling jet. Although this
will result in slightly over-predicted exposure temperatures if the thermal plume is not fully
immersed in the hot gas layer (as assumed), the approach has the advantage of exploiting a range
of conditions for plumes and ceiling jets and allows easy calculations of a range of target
positions. '

For targets located outside of the plume or ceiling jet, the exposure temperature can be calculated
directly from the hot gas layer temperature. An alternative approach is to use a zone model to
calculate the heating of a target in the hot gas layer and exposecd to flame and hot gas layer
radiation.

A third approach is to use a CFD model, such as FDS or JASMINE, to calculate the temperature
and velocity field at a target location. CFD codes can be used to great advantage where '
resolution in a complex flow ficld or geometry is required. One disadvantage that CFD models
in general and LES CFD models in particular have is in calculating radiant hecat fluxes from
flames to targets. Much of the thermal radiation characteristics of the flame occur at sub-grid
scales in an LES simulation and thus can not be resolved. Furthermore, radiation calculations
are tune consuming for CFD codes in general. To compensate for this, CFD models incorporate
various approximate thermal radiation sub-models as necessary. These models often have not
been verified and the results may be highly sensitive to the actual grid scale used. In this casc of
FDS, there is little published data on the validation of its flame radiation sub-model.

Ceiling Jet
T
Hot Layer
A
Plume
Z Teo
Flame

h

Figure 4-6. Schematic of Target Exposure Problem with Compartment Effects

D-116



Appendix D - Fire Modeling

4.1.3 Target Response Calculations

Damage to or ignition of target items is generally handled in two ways. In the simplest casc a
threshold gas temperature or critical heat flux value is uscd that is based on some empirical data.
For example, IEEE 383 qualificd cables arc often assumed to fail when the heat flux exceeds 10
kW/m? (EPRI, 1992). Similar gas temperature criteria arc also available. The second approach
involves calculating the heat transfer to the target and subscquent transient hcating of the target
until some failure criteria is met.

The use of steady state heat flux or gas temperature failure criteria is conservative and simple.
Depending on the problem under evaluation, such methods may result in excessively
conservative values. The calculation of the transient heating of the target will normally result in
longer predicted failure times and in many cases may be used to show that failure does not occur
despite an exposure temperature that exceeds a threshold temperature value. These transient
calculations are, however, subject to increasing uncertainty.

For cases where a threshold gas temperature or critical flux are used and the calculated factor of
safety is not considered adequate, additional calculations involving transient heating of the target
will provide a quantitative improvement in the factor of safety.

Target heating calculations can be performed using several methods. The first broad category
involves exact solutions of thermally thin and semi-infinite solid surface heating problems.
These arc standard engineering calculations that can be applied in special cases. These
calculations arc embedded as target heating models in some zone models, notably MAGIC and
to a lesser extent, CFAST. The second type of heating calculation involves the use of finite
difference or finite element heat transfer computer codes. There are many such codes available
for this application. HEATING (Childs, 1998), as an example, has been used for target heating
calculations.

4.2 Fire Spread on Contiguous Combustibles

This class of problems relates to fire between fuel packages that are continuous or close enough
that direct flame spread mechanisms are important. No validated model exists to calculate flame
spread directly, with the possible exception of combustible wall and ceiling surfaces. Thercfore,
any problem involving direct flame spread must be estimated using some combination of
cmpirical data and calculations. Flame spread on cable fires is an example of this class of
problem. Methods for estimating fire growth and flame spread rate for cables are given in
Scction 3.4 of this Appendix.

Typically, ignition of other fucl packages may be cestimated using ignition criteria (immersion
temperature, surface tempcerature, and/or incident heat flux), and one or more of the calculation
methods described in Section. If the ignition criteria are met, then it is reasonable to assume the
object would ignite. If room temperatures exceed critical flashover temperatures (500°C -
600°C), then it is reasonable to assume combustible materials below the smoke layer, or in the
smoke layer if there is sufficient oxygen, would ignite.

A related issuc often arises when modeling electronic cabinct fires. For cases where more fire-
stopped exposed cables penctrate the top of the cabinet a direct contiguous flame spread path to
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cable trays located above the cabinet exists and must be calculated. Any modeling or
calculations donc to evaluate the impact of cabinet fires should include as part of the source fire
term flame spread to the cables above.

4.3 Thermal Detector Activation Time

This problem, in effcct, is a calculation of the thermal responsc of a lumped heat capacity
thermal clement to a temperature and velocity field within a thermal plume or a ceiling jet. It is
analogous to the target damage problem, except in this case the target has very high conductivity
and low mass (e.g., a sprinkler fusible link).

The calculation of sprinkler or heat detector response time requires two steps.

1. Calculate the temperature and velocity at the detector position in the plume or ceiling jet.
2. Solve the transient heating equation for the thermal link or detector using the Response
Time Index (RTI) of the thermal element.

Evaluation of the plume and ceiling jet temperatures and velocities as a function of position are
done using corrclations. The transient heating of the thermal clement is performed using a
lumped heat capacity model. The RTI is a sprinkler specific constant that is generally
determined by the manufacturers. The lower the RTI value, the quicker the sprinkler will
respond to a temperature increase. Generally, standard response sprinklers have RTI values that
are between 80 — 110 m*>-s%° (Budnick, 1984; Puchovsky, 1996). Quick response sprinklers
can have RTI values between 40 and 60 fi%-s%° (Budnick, 1984; Puchovsky, 1996). The
actuation temperature for ordinary sprinklers is normally between 68°C (155°F) and 74°C
(165°F). Sprinkler models are available with ratings as low as 57°C (135°F) and greater than
149°C (300°F). Only ordinary sprinklers are considered in this analysis. Closed form
approximations for fircs with a heat release rate growth that is proportional to time squared arc
given by Schifiliti et al. (2002).

Sprinkler and thermal detector actuation models are for flat open ceiling configurations, a
notable example of which is DETACT-QS (Evans et al., 1985; 1986; Porticr et al., 1996).
DETACT-QS calculations have been compared to experimental data in several studies. These
studies include Madryzykowski (1993) and Walton et al. (1993). In general, the DETACT-QS
model performs well considering the inherent uncertainty in the some of the input parameters,
such as the sprinkler RTI value and the actual source firc heat release rate. In some instances,
the effects of a hot layer were found to be significant and should be included in the evaluation
(Madrzykowski, 1993).

The activation of smoke detectors can be treated in an analogous way. There are two basis
methods: the Temperature Rise Method and the Optical Density Mcthod (Schifiliti et al., 2002;
NFPA 72, 1999). The Temperature Rise Method assumes that the optical density to temperature
rise ration remains constant for a given fuel and combustion mode (Heskestad et al., 1977). The
latter part of this definition is often ignored and a temperature rise of 10°C — 15°C are used as the
alarm thresholds for all detectors and fires (Schifiliti et al., 2002). The assumed relationship has
little or not basis (Beyler et al., 1991; Schifiliti at al., 1996) and there is data suggesting that
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detectors may alarm at temperature riscs as low as 1°C (Mowrer et al, 1998; Gottuk ct al., 1999;
Wakelin, 1997).

The Optical Density Method involves calculating the smoke concentration at the dctector and
comparing the smoke level to an alarm threshold for the detcctor. Using the mass loss of the
fuel, the volume into which the smoke accumulates, and an empirically derived fuel constant, an
optical density may be computed. Typically, a zone model or a CFD model is used for this type
of calculation. Alarm thresholds vary much as RTI values vary with a sprinkler. Data is
available for average and bounding values (Gottuk et al., 1999; Ross-Phersson et al., 2000;
Wong et al., 2000). Uncertainty in this calculation arises from the source fire mass loss and
smoke yicld and the scnsitivity of the detection device.

4.4 Tenability Calculations

These calculations refer to calculating the conditions under which personnel would be
threatened. They arise from these primary effects, reduction in visibility due to smoke, effects of
temperaturc or heat flux and the effects of toxic gascs.

Visibility is a function of the optical density of the smoke in a hot layer, which in tum is a
function of the mass of material burned, the soot propertics of the material, and the volume of
material occupying the arca of concern. It is either dircctly calculated in the model or can be
readily calculated from the results of either zone or modeling. It requires the specification of
accurate soot yicld and soot optical properties as input data. Methods for calculating visibility
are given by Mulholland (2002) and Jin (2002).

Temperature effects arc based on time/temperature relationships for human exposure. Data on
limiting thermal radiation and temperature conditions for human exposure can be found in
Beyler (2002) and Purser (2002). These data indicate tolerance levels of 110°C for between 10-
25 minutes in dry air.

Toxicity assessments are normally not required in NPP applications. Calculation methods are
available to estimate time to incapacitation for combination of fire products including CO, CO,,
HCI, acrolein and formaldehyde, using a Fractional Effective Dose, or FED approach. These
methods can be readily applied using the results of zone and CFD models. Purser (2002)
provides a methodology for estimating time to incapacitation.

4.5 Suppression Effects

The effects of firc suppression systems on fire growth rate, room temperature conditions, etc. can
only be crudely accounted for using existing zone and CFD modcls. CFAST uses completely
cmpirical measured room tempcrature and heat release rate reductions values based on a limited
sct of sprinkler tests (Jones et al., 2000). This method cannot be used in general. CFD codes
have been used in special applications to calculate the effects of sprinkler and water spray
systems. The usc of models for routine design or analysis purposes is currently not possible.

To account for suppression cffects one is forced to rely on full-scale test data from tests that
approximate the conditions being evaluated. A very crude but conservative approximation
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would be to hold the heat release rate constant at the time of sprinkler operation. Alternatively,
onc could specify a cooling rate based on relevant full-scale test data.

4.6 Flashover Calculations

The potential for flashover to occur is of interest when assessing whether of not room contents
are damaged or lost and fire spread across rated and unrated boundarics is possible. These types
of calculations may be used in combination with other asscssments, such as estimating if
automatic suppression occurs prior to flashover or when preparing a time line for a fire scenario.

These calculations arc used to quickly determine the minimum heat release rate necessary to
cause flashover. Flashover typically occurs when the hot layer tempcrature exceeds 500-600°C,
and effectively marks the location in a fire development history where the fire becomes
ventilation limited. Flashover is characterized by rapid ignition of available fuel surfaces,
primarily due to exposure to thermal radiation (Walton et al., 2002).

There are several methods available for estimating the potential for flashover. There arc several
screcning methods that perform an energy balance between the compartment volume, the energy
loss through the boundaries and openings, and the source fire heat release rate (Walton et al.,
2002). These methods generally do not consider ventilation aspects other than as a source of
energy loss. These methods may be used to determine a minimum fire size necessary to reach a
flashover condition. More detailed screening methods provide a fire size and time to flashover at
the particular firc size (Walton et al., 2002). A determination as to whether or not the minimum
flashover fire size is possible based on the existing combustible fuel packages is then made.
Section 6.1 provides references for cvaluating fire sizes. If the minimum flashover fire size is
possible, an assessment of the duration in combination with the minimum fire size is then
necessary, namely is there a sufficient quantity of fuel available to sustain the fire long enough to
cause flashover. Flashover screening calculations may be computed from correlations (Walton
et al., 2002) or from software such as FASTLite (Portier et al., 1996) and Igbal (2002; 2003).
Note that these types of softwarc calculations are not currently validated for applications in
nuclear power plants, however used within the proper limitations and with adequate
documentation and validation they should be satisfactory.

The potential for flashover may also be evaluated using zone and CFD computer models. Zone
models essentially perform the same type of energy balance as the screening calculations but
typically include more detailed source fire, boundary heat loss, and volume terms. One
significant improvement that zonc and CFD models have over the screening correlations is that
they will determine whether or not a particular firc size is possible given the ventilation
conditions. Thus, if a flashover correlation identifies a minimum fire size necessary to cause
flashover, and it is concluded that a fuel package is present that would have such a heat release
rate, a zonc or CFD model may be used to ascertain whether or not this heat release rate can be
sustained given the ventilation.

4.7 Post-Flashover Temperature Calculations

These calculations arc a special case of compartment fire temperature calculations. They
normally used in cases where flashover is assumed/predicted and the primary variable of interest

D-120



Appendix D ~ Fire Modeling

is the room temperature. This temperature is usually used to evaluate the fire resistance of
structural elements or a fire barrier. Most post-flashover calculations assume that the energy
rcleasc rate of these fires is limited by the air inflow available (ventilation limited burning).
While zone and CFD models can be used for calculating post-flashover temperatures,
time/temperature relationships have alrecady been calculated and are available in table and
graphical form (Milke, 2002). In addition, zone models often significantly over-predict layer
temperatures in post flashover conditions.

In addition to those data, post-flashover temperature calculations may also be estimated using
mcthods given by Walton et al., (2002) and Igbal et al. (2002; 2003). An cxample of a post-
flashover fire model is COMPF2 (Babrauskas, 1985), which was developed for evaluating the
compartment temperature under these circumstances.

4.8 Compartment to Compartment Fire Spread

The potential for compartment to compartment fire spread may be used estimate impacts of a fire
in arcas beyond the initial fire arca. Compartment to compartment fire spread may occur through
a number of means:

Fire spread across unrated construction.
Compromising a fire barrier.
Compromising a penctration seal.
Thermal radiation.

Smoke products.

Firc spread across boundaries may be the result of a flashover condition in the room of origin or
the development of a hot spot on the unexposed side due to a localized fire exposure. There are
sevcral approaches available for estimating the likelihood and time lag for inter-compartment fire
spread.

Fire'spread across unrated construction generally should be assumed if the room of origin
rcaches flashover conditions. In some cases, a time lag may be assigned based on test data. An
cxample of this would be 5/8 inch gypsum on steel stud construction, which typically provides
about 20 minutes fire resistance per layer. An alternate approach, if the construction is well
sealed, would be to evaluate the transient temperature profile through the material/assembly
using a conduction model. The exposure could be determined from a fire model (zone, CFD) or
from estimates based on the fucl load and ventilation conditions. If a localized exposure is
expccted, correlations based on the fire size may be used in lieu of compartment temperature
data. Fire spread is assumed when the unexposed side of the boundary exceeds an ignition
threshold, typically 325°F for Class A combustible material [ASTM E119, 1999].

Fire spread across fire barriers and rated penetration scals is normally assumed if a post-
flashover fire exposure exceeds the rating of the fire barriers or seals. Thus, if a 4 hour firc post-
flashover firc is postulated in a space, then fire spread across a 3 hour fire barrier is likely.
Unfortunately, the exposure fire rarcly corresponds to the ASTM E119 Standard Time-
Temperature Curve, such that firc spread across the boundary does not necessarily correspond to
the listed rating. In many cases, the ASTM E119 temperature profile is more severe, but this is

D-121



Appendix D - Fire Modeling

not always so. The most practical means of predicting the time firc spreads across a boundary in
the absence of a specific test is to perform a thermal analysis given the exposure
temperaturc/heat flux. Once the uncxposed temperature of the boundary or the scal exceeds the
critical ignition temperature, typically 325°F (but greater in some cases if the combustibles are
cablcs in a penetration scal), the fire spread should be assumed. Consideration should be given
for a localized exposure in combination with a room wide post-flashover exposure.

Other means by which compartment to compartment fire spread could occur is thermal radiation
from a source fire or hot combustion products entering an arca and igniting combustible
materials. These types of fire spread would occur only under specialized circumstances. For
cxample, large external fire separated from a building by a fixed distance may radiate sufficient
energy so as to spread into the structure either through window or door openings or unrated
construction. Fire spread by a hot smoke layer could occur if a space that is open to a corridor or
other type of intervening space normally free of combustibles reaches flashover conditions. The
smoke products spread into the corridor and other areas adjacent to this corridor. If the smoke is
sufficiently hot, it may ignite combustible materials either directly or via thermal radiation.
Thesce types of scenarios generally require radiation calculations and/or computer fire models to
adequately assess.

5.0 Validation of Engineering Methods

The limits of the various types of models have been described in a broad sensc throughout this
Appendix, particularly in the context of the applications discussed in Section 4. This section
identifies additional limits and considerations as well as model validation.

There are no fire-rclated engincering methods or models that have been validated over the entire
range of applications for which they might reasonably be used by the NRC or within the firc
protection community in general. There have been and are substantial and ongoing efforts
dirccted at performing validation studies on various calculation methods and models (Beall,
1997; Dey, 2002). ASTM E-1355 (1997) gives general guidance on evaluating the predictive
capability of fire models.

NRC is currently in the process of verifying and validating several fire models and plans to
develop a pool of acceptable fire models and acceptable applications of these fire models using
the ASTM E-1355 (1997) Standard (Dey, 2002). In the absence of such a pool, adequate
documentation will be necessary that demonstrates the appropriateness of the model, the
application of the model, and the overall approach to evaluating the problem.

Engincering Calculations

Most calculation procedures are based on correlations of experimental data. These include
rclationships for determining the flame radiation, plume and ceiling jet temperature and velocity,
flashover calculations, and so on (DiNenno, 2002; Drysdale, 1999). These correlations are based
on full-scale test data and are expected to give rcasonable results within the limits of the
mathematical model on which they are based. When using corrclations, it should be verified that
application is within the proper limitations. It is reasonable to usc these correlations for most
NPP applications and they are primarily limited by uncertainty beyond the range of the data set
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on which they arc corrclated. In NPP applications, this is often occurs when dealing with spaces
that have a very large ceiling heights (over 30 to 40 ft), highly obstructed flow paths, or very
large fires in large spaces (e.g. turbine halls).

Zone Models

Zone type fire models have been extensively compared to experimental data for a range of
applications, including those associated with NPPs (Floyd, 2002; Dey, 2002; Jones et al., 2000;
Peacock et al., 1993; Nelson et al., 1991; and Dembscy et al., 1995). An ongoing project
supported by the NRC has conducted an international set of validation studies for a range of zone
and CFD codes for typical NPP applications (Dey, 2002). These validation data sets include
room sizes up to 1,300 m’, fire sizes between 100 kW to 2.5 MW, and a range of fire sources.
Thus far, the project has found that many of the models evaluated, including CFAST and
MAGIC, give reasonable results for the applications considered.

CFD Models

CFD models have been subjected to many validation studics, primarily for non-nuclear
applications (Cox ct al., 2002; Floyd, 2002; Cox et al., 1986; McGrattan et al., 1998a, Miles et
al,, 1999). As noted above, there is currently an effort to study the predictions of both zone and
CFD models in NPP related applications being performed under an NRC-supported international
model evaluation project (Dey, 2002). Preliminary results indicate that CFD models such as
FDS, JASMINE, and VULCAN provide reasonable temperaturc profiles for some types of fire
and spaces that are typical of NPPs. Much of the variation in the model results was noted to be a
dircct result of the manner in which the user applied the model to the scenario (Dey, 2002).

The major advantage of CFD codes relative to validation is that they, as a group, arc inherently
less dependent on empirical data or approximations. The codes utilizing large eddy simulation
(LES) mcthods to predict the turbulent flow behavior of fire-induced flows do so without the
nced for direct manipulation of the turbulence characteristics and are thus readily adapted for
simulating smoke conditions. CFD codes that use other types of turbulence sub-models, such as
the k-, method, may require correlated turbulence parameters and may require additional
validation for a particular application. The implementation of certain physical phenomena or
sub-models, notably thermal radiation, is a weak point in these types of models, especially for
flame radiation.

Summary

Calculation methods and models have been validated to an adequate level for most NPP-related
problems subject to the overall caveat that the fire source term can be specified a priori. Cases of
interest where there is insufficient validation and substantial uncertainty are primarily associated
with large spaces (over 2,000 m°) and large fire sources (over 10 MW). There have been no
validation studies that would approximate a large multi-level fire in a turbine hall. There is no
theoretical reason that models should not adequately treat these cascs, and larger scale validation
tests may be necessary. Adequate validation of calculation methods and models largely remains
onc of balancing the uncertainty in the calculations with adequate factors of safety applied to the
results.
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6.0 Sources of Input Data

Summarized below are particularly useful references for input data sources related to heat release
rate, thermal property data and methods, ignition and damage criteria and flame spread.

6.1 Data Sources for Input Data for Heat Release Rates

Heat release rate data may be based on full or small-scale experiments or it may be deduced
using methods or models previously described. Sources of data, including experimental heat
release rate measurement and parameters used to calculate the heat release rate, are provided
below.

Alpert, R., “Calculation of Response Time of Ceiling-Mountcd Fire Detectors,” Fire
Technology, Volume 8, Number 3, August, 1972.

Alpert, R., “Ceiling Jet Flows,” Section 2-1, The SFPE Handbook of Fire Protection
Engineering, 3" Edition, P.J. DiNenno, Editor-in-Chicf, National Fire Protection
Association, Quincy, MA, 2002.

Babrauskas, V., “Tables and Charts,” Appendix A, NFPA Fire Protection Handbook,
Nineteenth Edition, National Fire Protection Association, Quincy, MA, 2003.

Babrauskas, V., and Grayson, “Heat Release Rates in Fires,” Elesevier Applied Science, New
York, NY, 1992.

Babrauskas, V., “Heat Release Rates,” Section 3-1, The SFPE Handbook of Fire Protection
Engineering, 3" Edition, P.J. DiNenno, Editor-in-Chief, National Fire Protection
Association, Quincy, MA, 2002.

Beyler, C., “Fire Plumes and Ceiling Jets,” Fire Safety Journal, 11, 1986.

Braun, E., Shiclds, J.R., and Harris, R.H., “Flammability Characteristics of Electrical Cables
Using the Cone Calorimeter,” NISTIR 88-4003, Department of Commerce, National Institute
of Standards and Technology, Gaithersburg, MD, January, 1989.

Budnick, E., “Estimating Effectiveness of State-of-the-Art Detectors and Automatic
Sprinklers on Life Safety in Residential Occupancies,” National Bureau of Standards, Center
for Fire Research, NBSIR 84-2819, Gaithersburg, MD, January, 1984.

Chavez, J.M., “An Experimental Investigation of Internally Ignited Fires in Nuclear Power
Plant Control Cabinets: Part I: Cabinet Effects Tests,” NUREG/CR 4527, Volume 2, U.S.
Nuclear Regulatory Commission, Washington, DC, April 1987.

Chavez, J.M., “An Experimental Investigation of Internally Ignited Fires in Nuclear Power
Plant Control Cabinets: Part II: Room Effects Tests,” NUREG/CR 4527/1 of 2, U.S. Nuclear
Regulatory Commission, Washington, DC, November, 1988.

Chan, M.K.W., and Mishima, J., “Characteristics of Combustion Products: A Review of the
Literature,” NUREG/CR-2658, “ U.S. Nuclear Regulatory Commission, Washington, DC,
July, 1983.

Dey, M., Azarm, A. A., Travis, R., Martinez-Guridi, G., and Levine, R., “Technical Review
of Risk-Informed, Performance-Based Methods for Nuclear Power Plant Fire Protection
Analysis,” NUREG-1521, Draft Report for Public Comments, U.S. Nuclear Regulatory
Commission, Washington, DC, July, 1988.

Drysdale, D., An Introduction to Fire Dynamics, John Wiley and Sons, New York, NY,
1985.
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* Evans, D. and Stroup, D., “Mecthods to Calculate the Response Time of Heat and Smoke
Detectors Installed Below Large Unobstructed Ceilings,” NBSIR 85-3167, National Bureau
of Standards, Gaithersburg, MD, 1985.

= Factory Mutual, “Insulated Metal Roof Deck Fire Tests,” Factory Mutual Engincering
Division, Factory Mutual Fire Insurance Company, Norwood, MA, 1955.

= Grayson, S.J., Van Hees, P., Vercellotti, U., Breulet, H., and Green, A., The FIPEC Report,
Fire Performance of Electric Cables — new test methods and measurement techniques, Final
Report of the Europcan Commission, SMT Programme Sponsored Research Project SMT4-
CT96-2059, Interscience Communications Limited, London, UK, 2000.

= Hascgawa, H., “Fire Tests of Packaged and Palletized Computer Products”, Fire Technology,
Vol 35, 1999.

= Heskestad, G., “Fire Plumes, Flame Height, and Air Entrainment” Section 2-1, The SFPE
Handbook of Fire Protection Engineering, 3¢ Edition, P.J. DiNenno, Editor-in-Chicef,
National Fire Protection Association, Quincy, MA, 2002.

» Johnson, D., “Combustion Properties of Plastics,” Journal of Applied Fire Science, 4 (3),
Baywood Publishing Company, Amityville, NY, 1994.

» Jones, W., Forney, G., Peacock, R., and Rencke, P., “A Technical Reference for CFAST: An
Engineering Tool for Estimating Firc and Smoke Transport,” NIST-TN-1431, Department of
Commerce, National Institute of Standards and Technology, Gaithersburg, MD, 2000.

» Kung, H., Spaulding, R., and Stavrianidis, P., “Firc Induced Flow Under a Sloped Ceiling,”
Procecdings of the Third International Symposium of Fire Science, International Association
for Fire Safety Science, Elsevier Applied Science, London, UK, 1991.

» Lee, B.T., “Heat Release Rate Characteristics of Some Combustibles Fuel Sources in Nuclear
Power Plants,” NBSIR 85-3195, U.S. Department of Commerce, National Burcau of
Standards (NBS), Washington, DC, July, 1985.

= Lukens, L.L., “Nuclear Power Plant Electrical Cable Damageability Experiments,”
NUREG/CR-2927, U.S. Nuclear Regulatory Commission, Washington, DC, October, 1982.

= Madrzykowski, Daniel, “Office Work Station Heat Release Rate Study: Full Scale vs. Bench
Scale,” Interflam ‘96, Proccedings of the 7" International Interflam Conference, Interscience
Communications Ltd., Cambridge, England, pp. 47-55, 1996.

= Madrzykowski, Danicl and Vettori, Robert, “A Sprinkler Fire Suppression Algorithm for the
GSA Enginecring Fire Asscssment System, NISTIR 4833, Department of Commerce,
National Institute of Standards and Technology,” Gaithersburg, MD, 1992.

* Madrzykowski, D., “Effect of Recessed Sprinkler Installation on Sprinkler Activation Time
and Prediction,” Masters Thesis, University of Maryland, College Park, MD, 1993.

* Mangs, J., and Keski-Rahkonen, O., “Full-scale Fire Experiments on Electronic Cabincts,”
VTT Publication 186, Technical Research Center of Finland, Espoon, Finland, 1994.

= Mangs, J., and Keski-Rahkonen, O., “Full-scale Fire Experiments on Vertical and Horizontal
Cable Trays,” VTT Publication 324, Technical Research Center of Finland, Espoon, Finland,
1997.

» Mitler, Henri, “Input Data for Fire Modeling, ” National Institute of Standards and
Technology, Gaithersburg, MD, February, 1996.

» NFPA 72, “National Fire Alarm Code,” National Fire Protection Association, Quincy, MA,
1999.

» NFPA 13, “Installation of Sprinkler Systems,” National Fire Protection Association, Quincy,
MA, 1999.
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* Nelson, H.E. and Forsscll, EW., “Use of Small Scale Tests in Hazard Analysis,” Fourth
International Symposium on Fire Safety Science, International Association for Fire Safety
Science, pp 971-982, 1994,

= Newman, J.S., and Hill, J.P., “Assessment of Exposurc Fire Hazards to Cable Trays,” EPRI
NP-1675, Electric Power Research Institute, Palo Alto, CA, 1981.

= Nicolette, V.F., and Nowlen, S.P., “A Critical Look at Nuclear Electrical Cablc Insulation
Ignition and Damage Thresholds,” SAND-88-2161C, Sandia National Laboratories,
Albuquerque, NM, 1989.

= NIST, “Fire on the WEB”, http://www.fire.nist.gov/fire/fires/fires.html, Department of
Commerce, National Institute of Standards and Technology, 2002.

* Nowlen, S.P., “Heat and Mass Release for Some Transient Fuel Sources Fires: A Test
Report,” NUREG/CR-4680, U.S. Nuclear Regulatory Commission, Washington, DC,
October, 1986.

= Nowlen, S.P., “Quantitative Data on the Fire Behavior of Combustible Materials Found in
Nuclear Power Plants: A Literature Review,” NUREG/CR-4679, U.S. Nuclear Regulatory
Commission, Washington, DC, February, 1987.

= Nowlen, S.P., “A Summary of Nuclear Power Plant Firc Safety Rescarch at Sandia National
Laboratories,” 1975-1987, NUREG/CR-5384, U.S. Nuclear Regulatory Commission,
Washington, DC, Dccember, 1989.

= Puchovsky, M. T. “Automatic Sprinkler Systems Handbook,” Seventh Edition, National Firc
Protection Association, Quincy, MA, 1996.

» Ramsey, C.B., and Modarres, M., Chapter 7, Nuclear Fire Protection (An Example of
External Event Analysis),” Commcrcml Nuclear Power, Assuring Safety for the Future, John
Wiley & Sons, Inc., pp. 295-363, New York, NY, 1997.

= Sardqvist, S., “Initial Fires RHR, Smoke Production, and CO Generation from Single Items
and Room Fire Tests,” ISSN 1102-8246, ISRN LUTVDG/TVBE--3070--SE, Lund
University, Institute of Technology, Department of Fire Safety, Lund, Sweden, 1993.

» Tewarson, A. and Newman, J., “Scale Effects on Fire Propertics of Matenals,” Proceedings
of the First International Symposium of Fire Safety Science, Hemispherc Publishing
Corporation, New York, NY, 1985.

» Tewarson, A., “Generation of Heat and Chemical Compounds in Fires,” Scction 3-4, The
SFPE Handbook of Fire Protection Engineering, 3" Edition, P.J. DiNenno, Editor-in-Chief,

" National Fire Protection Association, Quincy, MA, 2002.

= Tewarson A. and Newman J., “Scale Effects on Fire Properties of Materials,” Proceedings of
the First International Symposmm of Fire Science, Hemisphcre Publishing Corporation, New
York, NY, 1985.

= Walton, W. and Notarianni, K., “Comparison of Ceiling Jet Temperatures Measured in an
Aircraft Hangar Test Fire with Temperatures Predicted by the DETACT-QS and LAVENT
Computer Models,” NISTIR 4947, U.S. Department of Commerce, National Institute of
Standards and Technology, Gaithersburg, MD, 1993.

6.2 Data Sources for Thermal Property Input

Thermal properties that are used to calculate the tempcrature rise of solid materials include the
thermal conductivity, the heat capacity, and the density. Boundary condition information, such
as the convection heat transfer coefficient and the radiation absorption and emission properties
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arc also included this input category. Properties for specific matcrials that arc not available in
the references listed below may be obtained from the manufacturer or retailer.

Abrams, M.S., “Behavior of Inorganic Materials in Firc,” Design of Buildings for Fire
Safety, ASTM STP 685, E. E. Smith and T. Z. Harmathy, eds., American Society for Testing
and Materials, 1979.

Atreya, A., “Convection Heat Transfer,” Section 1-3, The SFPE Handbook of Fire
Protection Engineering, 3" Edition, P.J. DiNenno, Editor-in-Chief, National Fire Protection
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As discussed in Sections 4.5.3 and 5.2, it is expected that a monitoring program for a risk-
informed, performance-based fire protection program would be established in phases, with
elements added as more of the program relies upon risk-informed, performance-based
techniques. For example, during the transition to a new licensing basis, a plant may only truly
employ risk-informed, performance-based techniques to address a few fire areas or fire
protection features/clements. It is important to identify parts of the program that may requirce
additional attention during the transition and change evaluation process. Likely candidates
would include monitoring of nuclear safety equipment that is not part of the traditional 10 CFR
50, Appendix R post-fire safe shutdown analysis and whose availability is an important
component of limiting firc risk. Other attributes may include features that arc integral to
successful fire modeling in an area, but may not have been considered important in a
compliance-based approach.

A suggested methodology is outlined below:

1. Identify all of the firc protection systems and features and “nuclear safety equipment” relied
on to demonstrate compliance with NFPA 805. Start from the current systems and features
relied on to demonstrate compliance with the CLB and make the additions and deletions
necessary as derived from the analysis conducted for the transition to the NFPA 805
licensing basis.

2. Establish the performance criteria for the availability and reliability of fire protection systems
and features relicd on to demonstrate compliance. In fire arcas for which compliance is
based on previous NRC approval of compliance with deterministic requirements, the
concepts of availability and reliability do not necessarily apply, e.g., suppression systems are
always assumed to operate. In these areas, existing surveillance and testing may be assumed
to be adequate.

In fire areas for which compliance is established by applying risk-informed techniques, use
the assumptions in the risk analyses to establish these criteria. Where criteria already have
been established for other purposes, such as compliance with the Maintenance Rule or the
Technical Specifications, review those criteria for acceptability. If any differences between
the existing criteria and the assumptions in risk calculations do not materially affect a
demonstration of compliance with NFPA 805, adopt the existing criteria and document the
basis for that adoption. If the differences do materially affect compliance with NFPA 805,
cither adopt different criteria or modify the fire protection program, whichever is casicr.

3. Usc the methods established for monitoring compliance with the Maintenance Rule and/or
Technical Specifications to monitor the availability, reliability and performance of fire
protection systems and features. In particular, use the Maintenance Rule methods for
considering plant operating experience and industry operating experience.
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4. Establish a catalog of the engineering assumptions made to demonstrate that systems and
features provide compliance with NFPA 805. Include the review of these assumptions in the
established process for reviewing changes made to the plant or its programs. Where a review
shows that an assumption will no longer be valid, determine whether the result materially
affects compliance with NFPA 805. If not, document that conclusion. If so, modify cither
the proposed change or the fire protection program.

5. Review the corrective action program to determine whether the current spectrum of
deficiencies and corrective actions is appropriate for the risk-informed, performance-based
fire protection program. Use risk analyses to determine appropriateness of the existing
program clements. Include in that analysis the impact of deficiencies on the engineering
assumptions. Where the range of deficiencies and/or timing and nature of the corrective
actions is insufficient, modify the corrective action program accordingly, as it will be applied
to fire protection findings of deficiencies. Perform the same process for the program used to
determine effectiveness of the corrective action program.
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Appendix F — Considerations for Non-Power Operational Modes

To begin the process of assessing the fire protection requirements for non-power modes of operation
discussions should be held between the Probabilistic Risk Assessment (PRA), the Fire Protection,
and the Outage Management staffs to determine the best way to integrate NFPA 805 firc protection
aspects into existing Outage Management Processes.

The current industry approaches for evaluating risk during shutdown conditions involves both
quantitative and qualitative assessments and is based on NEI 93-01 and NUMARC 91-06. To
transition to the NFPA 805 Licensing Basis, the licensee must demonstrate that the nuclear
safety performance criteria arc met for High Risk Evolutions (HREs as defined by NUMARC
91-06) during non-power operational modes. To accomplish this the following tasks need to be
accomplished. These should be documented using Table F-1.

= Review existing plant outage processes (outage management and outage risk assessments) to
determine equipment relied upon to provide Key Safety Functions (KSF) including support
functions. Each outage evolution identifies the diverse methods of achieving the KSF. For
cxample to achieve the Decay Heat Removal KSF a plant may credit DHR Train A, DHR
Train B, HPI Train A, HPI Train B, and Gravity Feed and Chemical and Volume Control.

= Identify locations where 1) fircs may cause damage to the equipment (and cabling) credited
above, or 2) recovery actions credited for the KSF are performed (for those KFSs that are
achieved soley by recovery action i.e., alignment of gravity feed).

= Identify fire areas where a single fire may damage all the credited paths for a KSF. This may
include fire modeling to determine if a postulated firc (MEFS — LFS) would be expected to
damage equipment required.

= For those arcas consider one or more of the following options to mitigate potential fire

damage depending upon the significance of the potential damage:

o Prohibition or limitation of hot work in fire areas during periods of increased
vulnerability

o Verification of operable detection and /or suppression in the vulnerable arcas.

o Prohibition or limitation of combustible materials in fire areas during periods of increased
vulnerability

o Provision of additional fire patrols at periodic intervals or other appropriate
compensatory measures (such as surveillance cameras) during increased vulnerability

o Use of recovery actions to mitigate potential losscs

o Identification and monitoring insitu ignition sources for “fire precursers”™ (e.g., equipment
temperatures).

It is important to note the evaluation of the plant during non-opcrational modes is qualitatively
risk-informed at this time pending the development of shutdown PRAs.
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Table F-1

NFPA 805 Chapter 1 — Non-Power Operational Guidance

NFPA 805 Requirements

Implementing Guidance

Results

Radiation release to any unrestricted area due to the

direct effects of fire suppression activities (but not
involving fuel damage) shall be as low as
reasonably achievable and shall not exceed
applicable 10 CFR Part 20, limits.

Review existing plant outage processes
(outage management and outage risk
assessments) to determine equipment relied
upon to provide Key Safety Functions (KSF)
including support functions. Each outage
evolution identifies the diverse methods of
achieving the KSF. For example to achieve
the Decay Heat Removal KSF a plant may
credit DHR Train A, DHR Train B, HPI Train
A, HPI Train B, and Gravity Feed and
Chemical and Volume Control..

List the KSFs and the systems / components
required to support those function.

Identify those systems / components that
require additional analyses. For example, a
KFS may rely on instrumentation that is
currently not part of the “Safe Shutdown
Analysis”, or a component may have been
modeled in one position (closed, off, etc.) but to
support the KFS it would need to be evaluated
in an additional positions (open, on, etc.)

For those additional components, perform
circuit analysis, location tasks described in
Appendix B, Document the results.

Identify locations where 1) fires may cause
damage to the equipment (and cabling)
credited above, or 2) recovery actions credited
for the KSF are performed (for those KFSs
that are achieved soley by recovery action i.e.,
alignment of gravity feed).

Evaluate on a fire area basis the loss of KSFs.
Document those areas

Identify fire areas where a single fire may
damage all the credited paths for a KSF. This
may include fire modeling to determine if a
postulated fire (MEFS — LFS) would be
expected to damage equipment required.

For the areas identified above, determine if a
single fire in the area can cause a loss of all
credited paths for a KFS.

Conservatively, assume the entire contents of a
fire area are lost. If this does not result in the
loss of all credited paths for a KFS, document
success.

If fire modeling is used to limit the damage ina
fire area, document that fire modeling is
credited and ensure the basis for acceptability
of that model (location, type, and quantity of
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Table F-1

NFPA 805 Chapter 1 - Non-Power Operational Guidance

NFPA 805 Requirements

Implementing Guidance

Results

combustible, etc.) is documented. These
critical design inputs are required to be
maintained during outage modes. See next step
below.

For those areas consider one or more of the
following options to mitigate potential fire
damage depending upon the significance of
the potential damage:

o Prohibition or limitation of hot work in
fire areas during periods of increased
vulnerability

o Verification of operable detection and /or
suppression in the vulnerable areas.

o Prohibition or limitation of combustible
materials in fire areas during periods of
increased vulnerability

o Provision of additional fire patrols at
periodic intervals or other appropriate
compensatory measures (such as
surveillance cameras) during increased
vulnerability

o Use of recovery actions to mitigate
potential losses

o Identification and monitoring insitu
ignition sources for “fire precursers™
(e.g., equipment temperatures).

Integrate the results of the analysis performed
above into the plant’s outage management
process.

To the extent practical pre-plan the options for
achieving the KFS. See list to the left.
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Appendix G — Considerations for Radioactive Release

The treatment of radiological release to any unrestricted arca duc to fire is focused on potential
radioactive release due to potential fuel damage and fire fighting activities:

» The Nuclear Safety Goal, Objectives, and Performance Criteria all require the prevention of
fuel cladding damage. As such, radiological release due to fuel damage should not require a
scparate examination since no such damage is assumed to occur without violating the basic
requirements of NFPA 805. This effectively limits the source of radiation (release source
term). Thercfore, containment integrity should not require specific examination. This means
the scope of the fire protection analyses do not need to be expanded to include all
containment isolation valves. No additional analyses arc needed.

» The potential for radiological release due to firc fighting activities shall be addressed via fire
pre-plans. The objective is to address the potential for the loss of boundary control for
contaminated spaces

Evaluation of the Potential for Radiological Release Due to Fire Fighting Activities

= Review pre-fire plans. Ensurc for locations that have the potential for contamination that
specific steps are included for containment and monitoring of potentially contaminated fire
suppression water. Update pre-fire plans as necessary.

* Review fire brigade training materials. Ensure that training materials deal specifically
with the containment and monitoring of potentially contaminated fire suppression water.
Update training materials as necessary.

* Document results in Transition Table G-1.
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Table G-1

NFPA 805 Chapter 1 - Radioactive Release Transition Review Guidance

NFPA 805 Requirements

Implementing Guidance

Results

Radiation release to any unrestricted area due to the
direct effects of fire suppression activities (but not
involving fuel damage) shall be as low as
reasonably achievable and shall not exceed
applicable 10 CFR Part 20 limits.

Review pre-fire plans.

Ensure for locations that have the potential for
contamination that specific steps are included for
containment and monitoring of potentially
contaminated fire suppression water, Update pre-
fire plans as necessary.

Describe how the pre-fire plans do (or will) provide
guidelines for the containment and monitoring for
potentially contaminated fire suppression water.

Review fire brigade training materials.

Ensure that training materials deal specifically
with the containment and monitoring of
potentially contaminated fire suppression water.
Update training materials as necessary.

Describe how the fire brigade training materials do
(or will) provide instruction for the containment and
monitoring for potentially contaminated fire
suppression water.
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Appendix H-1 - Template: Letter of Intent to Adopt NFPA 805 as a
Risk-Informed, Performance-Based Alternative for Fire Protection
Requirements

[Date]

U.S. Nuclear Regulatory Commission
Washington, D.C. 20555

Attention: Document Control Desk

Subject: [Facility Name]
[Facility Docket numbers)
Adoption of NFPA 805 (Performance-Based Standard for
Fire Protection for Light Water Reactor Generating
Plants, 2001 Edition)

This letter serves to inform you of [Facility Name] intent to adopt NFPA 805 (Performance-
Based Standard for Fire Protection for Light Water Reactor Generating Plants, 2001 Edition)in
accordance with 10 CFR 50.48(c). .

The transition to the performance-based standard for fire protection is expected to commence in
[month/quarter, year] and take [total estimated time (in months)] to fully implement. The
activitics that need to be performed in order to support this transition includes [Outline the
activities that are needed to support the transition, Also include a timetable with the anticipated
completion date for transition milestones and implementation phase activitics.] This schedule is
subject to change depending on the extent to which the plant determines that it needs to make
cither physical modifications or changes to the fire protection program to comply with NFPA
805. An updated schedule will accompany the license amendment request required under 10
CFR 50.48(c)(3)(1).

{Optional statement regarding enforcement discretion. This statement may not be needed if the
NRC issues an Enforcement Guidance Memorandum (EGM) which would provide such
discretion.

It is our understanding that this letter of intent initiates a period of enforcement discretion during

which no enforcement actions will be taken for non-compliances discovered as a result of
evaluations conducted to support this licensing basis transition process.}

Revision E 142



Appendix H-2 - Template: License Amendment Request to Authorize
Adoption of NFPA 805 with Optional Provision for Alternative
Methods and Analytical Approaches

[Date]

U.S. Nuclcar Regulatory Commission
Washington, D.C. 20555

Attention: Document Control Desk

Subject: [Facility Name]
[Facility Docket numbers]
Licensc Amendment Request to Adopt NFPA 805, Performance-Based Standard for Fire
Protection for Light Water Reactor Generating Plants, 2001 Edition)

Pursuant to Title, Codc of Federal Regulations (CFR), Part 50, Section 90 (10 CFR 50.90),
[Facility Name] proposes to amend Appendix A, Technical Specifications (Tech Specs), for
Facility Operating Licenses [License Numbers] for [Facility Name]. [Identify the Technical
Specifications that need to be amended (including changes to the bases).] This amendment is
neceded to support the adoption of NFPA 805 Performance-Based Standard for Fire Protection,
2001 Edition in accordance with 10 CFR 50.48(c). The proposed License Amendment Request
(LAR) revises the licensing basis associated with the Fire Protection Program.

The following process was used to determine that thesc are the only Technical Specifications that
require amendment. [Describe the process.]

In addition, [Facility Name] also requests that the license be amended to remove the following
superseded license conditions [identify license conditions to be superseded] and replace them
with the following suggested license condition authorizing the use of NFPA 805. The following
process was used to identify all of the license conditions that are required to be removed.
[Describe the process used to ensure completeness of the sct of license conditions that are
required to be removed.]

As a scparate but related matter, [Facility Name] has identified the following unnecessary or
superseded orders and exemptions that are required to be revoked. [Identify orders and
excmptions]. The following process was conducted to identify all of the orders and exemptions
that are required to be revoked. [Describe the process uscd to ensure completeness of the set of
orders and excmptions that are required to be revoked.]

[Optional provisions for alternative methods and analytical approaches.] Alternative methods
and analytical approaches have been used to demonstrate compliance with certain requirements
in NFPA 805. The following table lists those requircments and the alternative method and
analytical approach applied to cach. A detailed analyses demonstrating how an alternative
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mecthod and analytical approach demonstrates compliance for cach such requirement is provided
in the attachments.

Implementation of this amendment to the [Facility Name] operating licensc and Tech Specs will
impact the [Facility Name] UFSAR. As a result of implementing this LAR, it will be necessary
to revise various sections of the [Facility Name] UFSAR. Necessary changes will be made in
accordance with 10 CFR 50.71(c).

Plant modifications arc/arc not necessary to support the adoption of NFPA 805. [Provide a brief
description of the modifications).

[Facility Name] plans to implement this/these modification(s) by the dates shown in the
following updated transition schedule. [Insert update of schedule provided in letter of intent]
Approval of this proposed LAR is requested by [month, day, year] to support this transition
schedule.

Implementation of these changes will not result in an undue risk to the health and safety of the
public.

Attachments:
Detailed Analyses of Compliance Using Alternative Methods and Analytical Approaches

No Significant Hazards Consideration
Environmental Impact Assessment
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Optional Attachment

Detailed Analysis Demonstrating Compliance with
[Identify NFPA 805 Requircment]

Using the Alternative Method and Analytical Approach [Describe]
NFPA 805 [cite to requirement] requires [describe requirement]. Compliance with this
requirement is demonstrated below using the following alternative method and analytical
approach [describe the alternative method and analytical approach]. Compliance with the

nuclear safety performance criteria, performance objectives and goal are achicved as follows:

Nuclear Safety Performance Criteria

¢ 1.5.1(a) Reactivity Control. [Explain basis for compliance or why not applicable.]

e 1.5.1(b) Inventory and Pressure Control. [Explain basis for compliance or why not
applicable.]

e 1.5.1(c) Dccay Heat Removal. [Explain basis for compliance or why not applicable.}

e 1.5.1(d). Vital Auxiliaries. [Explain basis for compliance or why not applicable]

e 1.5.5(¢) Process Monitoring [Explain basis for compliance or why not applicable.]

Nuclear Safety Objectives

» 1.4.1(1) Reactivity Control. [Explain basis for compliance or why not applicable.]
1.4.1(2) Fuel Cooling. [Explain basis for compliance or why not applicable.]

e 1.4.1.(3) Fission Product Boundary [Explain basis for compliance or why not
applicable.]

Nuclear Safety Goal

¢ 1.3.1 Nuclear Safety Goal. [Explain basis for compliance or why not applicable.]

Compliance with the radioactive release performance criterion, performance objective, and goal
are achieved as follows. [Explain basis for compliance or why not applicable.]

Maintenance of safety margins is achieved as follows. [Explain].

Fire protection defense in depth is maintained as follows. [Explain for fire prevention, fire
suppression, and post-fire safe shutdown capability, as appropriate.]
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Attachment
No Significant Hazards Consideration Finding

Pursuant to 10 CFR 50.91, [company name] has made the determination that, based on the
following NRC statements in the Statements of Consideration accompanying the adoption of
alternative fire protection requirements, and other considerations, this amendment request
involves No Significant Hazards Consideration under the standards established by the NRC in 10
CFR 50.92. This ensures that, the operation of the facility in accordance with the proposed
amendment would not:

To the extent that these conclusions apply to compliance with the requirements in NFPA 805,
these conclusions are based on the following NRC statements in the Statements of Consideration
accompanying the adoption of alternative fire protection requirements based on NFPA 805. The
NRC stated that:

1. Involve a significant increase in the probability or consequences of an accident
previously evaluated
NFPA 805, taken as a whole, provides an acceptable alternative for satisfying General
Design Criterion 3 (GDC 3) of Appendix A to 10 CFR Part 50, meets the underlying
intent of the NRC’s existing fire protection regulations and guidance, and achicves
defense-in-depth and the goals, performance objectives, and performance criteria
specified in Chapter 1 of the standard and, if there are any increases in core damage
frequency (CDF) or risk, the increase will be small and consistent with the intent of the
Commission’s Safety Goal Policy. [cite]

2. Create the possibility of a new or different kind of accident from any kind of accident
previously evaluated

The requirements in NFPA 805 address only fire protection and the impacts of fire on the
plant have already been evaluated.

3. Involve a significant reduction in the margin of safety.
NFPA 805 continues to protect public health and safety and the common defense and
security because the overall approach of NFPA 805 is consistent with the key principles
for evaluating license basis changes, as described in Regulatory Guide 1.1.74, is
consistent with the defense-in-depth philosophy, and maintains sufficient safety margins
and [cite]

To the extent that the conclusions regarding no significant hazards considerations apply to
demonstrations of compliance based on the use of alternative methods and analytical approaches,
these conclusions are supported by the following demonstrations that the regulatory criteria are
met:
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Use of [name the alternative method and analytical approach used] to demonstratc compliance
with the requirement in [cite to the requirement] docs not involve a significant increase in the
probability or consequences of an accident previously evaluated because [explain why not].

Use of [name the alternative method and analytical approach used] to demonstrate compliance
with the requirement in [cite to the requirement] does not create the possibility of a new or
different kind of accident from any kind of accident previously evaluated because [explain why
not].

Use of [name the alternative method and analytical approach used] to demonstrate compliance

with the requirement in [cite to the requirement] does not involve a significant reduction in the
margin of safety because [explain why not].

Accordingly, Licensee/Station’s adoption of the new fire protection rule based on NFPA 805
docs not present a significant hazards consideration.
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Attachment

Environmental Assessment
Pursuant to 10 CFR 51.22(b), an evaluation of the license amendment request (LAR) has been
performed to determine whether it meets the criteria for categorical exclusion set forth in 10 CFR
51.22(c). The LAR docs not involve:
1) A significant hazards consideration.

This conclusion is supported by the determination of no significant hazards consideration.

2) A significant change in the types or significant increase in the amounts of any effluents
that may be relcased offsite.

Compliance with NFPA 805 explicitly requires the attainment of performance criteria,
objectives, and goals for radioactive releases to the environment. Therefore, this LAR
will not change the types or amounts of any effluents that may be réleased offsite.

3) A significant increase in the individual or cumulative occupational radiation exposure.
Compliance with NFPA 805 explicitly requires the attainment of performance criteria,
objectives, and goals for occupational exposures. Therefore, this LAR will not change

the types or amounts of occupational exposures.

In summary, this LAR meets the criteria set forth in 10 CFR 51.22(c)(9) for categorical
exclusion from the need for an environmental impact statement.
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Appendix H-3 - Template: Transition Report Outline

The following is a sample outlinc for the licensee transition report:
1.0 Introduction

The Nuclear Regulatory Commission (NRC) has adopted a voluntary alternative rule for firc
protection requirements at nuclear power plants, 10 CFR 50.48(c). [Licensce/Station] has
conducted the process for transitioning from its current fire protection licensing basis to
compliance with the new requirements. This document describes the transition process applied
by Licensee/Station and the results that demonstrate compliance with the new voluntary
requircments.

1.1 Background

In 2001, the National Fire Protection Association (NFPA) adopted NFPA 805, Performance-
Based Standard for Fire Protection for Light Water Reactor Elcctric Generating Plants. On
[date], the NRC promulgated 10 CFR 50.48(c) as voluntary, altcrnative performance-based fire
protection requircments based on NFPA 805. subscquently, on [date], the NRC endorsed the
Nuclear Energy Institute’s (NEI) Guidance for Implementing A Risk-Informed, Performance-
Based Fire protection Program Under 10 CFR 50.48(c, NEI-0402 [date].

Licensec/Station determined to transition its firc protection licensing basis to the performance-
based alternative in 10 CFR 50.48(c). A letter of Intent was submitted to the NRC on [date].
Thereafter, work began on the transition. A License Amendment Request was submitted on
[date]. The NRC granted the license amendment on [date]. Since then, Licensee/Station
completed its implementation of the methodology in Chapter 2 of NFPA 805 (including all
required evaluations and analyses) and modified the fire protection plan required by 10 CFR
50.48(a) to comply with NFPA 805. Accordingly, Licensce/Station transitioned to the new fire
protection licensing basis on [date]. This report documents the transition process and new fire
protection licensing basis.

1.2 Purpose and Scope

The purposes of this report are to: (1) describe the process implemented by Licensec/Station to
transition its fire protection program to demonstrate compliance with the requirements in 10 CFR
50.48(c); (2) summarize the results of Licensee/Station’s transition process; (3) explain the bases
for Licensce/Station’s conclusions that its current fire protection program, with certain
modifications, comply with those requirements; and (4) to describe the new fire protection
licensing basis. Licensee/Station’s transition process was based on NEI’s implementing
guidance.

2.0 Overview of Existing Fire Protection Program

2.1 Current Fire Protection Licensing Basis
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Licensee/Station was licensed to operate [date]. As a result, Licensee/Station’s fire protection
licensing basis is based on compliance with [state regulatory basis for regulatory requirements,
i.e., Appendix R, or SRP (NUREG-0800), and license condition]. Licensce/Station’s current fire
protection licensing basis was approved by the NRC in a Safcty Evaluation Report dated [date]
as supplemented by [citations to any SER supplements. Licenscc/Station also received the
following exemptions from fire protection requirements [list exemptions].

2.2 Applicable Regulatory Requirements

[Insert a list of applicable regulatory requirements)
3.0 Transition Process

The process for transitioning from compliance with the current fire protection licensing basis to
the new requirements is described in general in Section 4.0 of the implementing guidance. It
contains the following steps: (1) licensee determination to transition the licensing basis and
devote the necessary resources to it; (2) Letter of Intent to the NRC stating the licensee’s
intention to transition the licensing basis in accordance with a tentative schedule; (3) licensee
conduct of the transition process to determine the extent to which the current fire protection
licensing basis supports compliance with the new requirements and the extent to which
additional analyses, plant and program changes, and alternative mcthods and analytical
approaches are needed; (4) filing of License Amendment Request (LAR); and (5) completion of
transition activities and adoption of the new licensing basis consistent with the NRC’s grant of
the license amendment.

Licensce/Station followed this transition process. The Letter of Intent is not discussed because it
was superseded by implementation of the transition process. Analyses and plant and program
changes that did not require license amendments were made as described in the appropriate
sections below.

3.1 License Amendment Request and License Amendment

The LAR identified all orders, license conditions, Technical Specifications and their bases that
were required to be revised or superseded to permit the Licensee/Station to comply with the new
fire protection requircments.

The following orders, license conditions and Technical Specifications were superseded. [list]

The following orders and license conditions were revised as follows. [insert table of original
orders and license conditions with revisions side-by-side].

The following Technical Specifications and their bases were revised as follows. [insert table of
original Technical Specifications and their bases with revisions side-by-side].
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[Optional] The LAR included requests to use the following alternative methods and analytical
approaches to demonstrate compliance with certain requircments in NFPA 805. [List the
alternative methods and analytical approaches for which licensec amendments were requested and
their associated requircments.)

On [date], the NRC issued a license amendment which authorized Licensec/Station to use the
alternative methods and analytical approaches described in the LAR, approved the proposed
changes to the Technical Specifications, made all necessary revisions to orders and license
conditions, and approved the use of NFPA 805 as the fire protection licensing basis for
Licensec/Station.

3.2 Implementation of NFPA 805, Section 2.2: General Approach

Section 2.2 of NFPA 805 establishes the general process for demonstrating compliance with
NFPA 805. The process is illustrated in Figure 2.2 of NFPA 805. It shows that except for the
fundamental fire protection requircments, compliance can be achicved on a fire arca basis either
by deterministic or performance-based methods. (The NRC permits licensees to usc
performance-based methods to comply with the fundamental fire protection requirecments but
those applications must be approved through the NRC’s license amendment process, as
discussed above.) Licensec/Station implemented this process by first determining the extent to
which its current fire protection program supported findings of deterministic compliance with the
requirements in NFPA 805. Risk-informed, performance-based methods were then applied to
the requirements for which deterministic compliance could not be shown.

3.2.1 Implementing Guidance, Section 4.0

Section 4.0 of the implementing guidance describes the detailed process for assessing a fire
protection program for the extent to which it supports a showing of compliance with NFPA 805.
Licensee/Station conducted the detailed evaluation processes by establishing teams comprised of
knowledgeable plant personnel and outside experts who were members of the Implementing
Guidance drafting team. The assessment processcs used by these tecams and the results of their
assessments are discussed in detail below.

4.0 Demonstrations of Compliance with NFPA 805 Requirements

4.1 Fundamental Fire Protection Program Elements and Minimum Design
Requirements

The Fundamental Fire Protection Program and Design Elements are established in Chapter 3 of
NFPA 805. Section 4.31 of the Implementing Guidance sets out a systematic process for
determining the extent to which the current licensing basis meets these criteria and for
identifying the fire protection program changes that would be necessary for complete compliance
with these criteria.
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4.1.1 Overview of Implementing Guidance Appendix B-1 Process for Mapping
Current Licensing Basis to Requirements in Chapter 3 of NFPA 805

Appendix B-1 of the Implementing Guidance provides a mapping of the Fire Protection Program
Fundamentals of Chapter 3 to NFPA 805 to the appropriatc NRC Guidance Documents (BTP9.5-
1, NUREG 0800, ctc.). Each scction and subsection of Chapter 3 is a "Fundamental Fire
Protection Program Attribute" defining the fundamental program elements and minimum design
requirements of a nuclear fire protection program. The cross-reference table(s) included as
Appendix B-1 scrves as a starting point for determining "previously acceptable” methods of
compliance with that particular firc protection program attribute.

4.1.2 Results of application of the Implementing Guidance Appendix B-1
mapping process

4.1.21 NFPA 805 Chapter 3 Requirements Previously Approved by the NRC

Requirements in NFPA 805 Chapter 3 for which the NRC previously approved alternatives are
included in the Implementing Guidance Appendix B-1 Table. Licensee/Station should include
the complete mapping table as an attachment to the Transition Report.

41.2.2 NFPA 805 Chapter 3 Requirements not Previously Approved by NRC

[Optional] For the following items in Chapter 3, no previous NRC approvals of alternatives were
discovered. [list]

Compliance for these requirements was demonstrated in some cases by showing
deterministically that the requircment could be met by the plant as currently configured. [list
with explanations]

For the cases where compliance could not be demonstrated deterministically, performance-based
alternatives were used to demonstrate compliance. [list cach requirecment and briefly describe
the performance-based method used to demonstrate compliance]

The NRC approved these uses of performance-based methods in the transition license
amendment [optional-any changes made by the NRC as conditions of approval of use of the
methods]

4.2 Nuclear Safety Performance Criteria

Five nuclear safety performance criteria are established in Section 1.5.1 of NFPA 805. Section
4.3.2 of the Implementing Guidance sets out a systematic process for determining the extent to
which the current fire protection licensing basis meets these criteria and for identifying the
changes to the current fire protection program that would be necessary for demonstrating
compliance with these criteria.
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4.2.1 Overview of Appendix B-2 Transition Review Process for Demonstrating
Compliance with Chapters 2 and 4 of NFPA 805

Appendix B-2 of the Implementing Guidance identifics five program elements that are to be
cvaluated for compliance with the requirements in NFPA 805. They are:

Nuclear safety capability system and equipment selection
Nuclear safety capability circuit analysis

Circuits required in nuclear safety functions

Other required circuits (associated circuits)

Nuclear safety equipment and cable location

Fire arca asscssments

e ®© o o o o

For all but the fire arca assessments, the compliance determination strategy used was to: (1)
compare the methodology used to establish the current licensing basis with the corresponding
mcthodology provided in either NFPA 805 or NEI 00-01; (2) identify inconsistencies; and (3)
perform any needed modifications and analyses. For the firc arca assessments, a detailed fire
arca by fire arca review was conducted to identify the equipment that implements compliance
with the nuclear safety performance criteria.

4.2.2 Comparison of Methodology Used to Develop Current Safe Shutdown
Equipment List with Applicable New Methodology

Licensee/Station’s methodology for developing its current Safe Shutdown Equipment List is
contained in [identify document]. The methodology in that document was compared in detail to
the methodology in Section B.2 of Appendix B of NFPA 805 (Nuclear Safety Systems and
Equipment). For cach methodology element of Section B.2 the corresponding methodology
clement was identified in the DBD. Each pair of corresponding elements was compared for
assumptions and factors considered.

4.2.2.1 Determination of Extent of Consistency of Methods

[Describe the extent of corrclation between the methods in the License/Station document and
Section B.2. Details of the comparison are contained as an Appendix to the report. Where there
are differences between the details in some pairs of methodology elements, either show that the
differences were determined not to result in safety significant differences in the lists of safe
shutdown equipment that would be generated by both methods or modify the list of safe
shutdown equipment, as necessary]

4222 Modifications and Additional Analyses for Compliance
[State cither that no modifications or additional analyses were required to establish compliance

with the methodology elements in Section B.2. or describe the modifications and analyses
conducted to demonstrate compliance]

Revision E ' 153



4.2.3 Comparison of Methodology Used for Current Circuit Analysis with
Applicable New Methodology .

Licensee/Station’s methodology for conducting circuit analyses is contained in [identify
document]. The methodology in that document was compared in detail to the methodology in
Section B.3 of Appendix B of NFPA 805 (Nuclear Safety Circuit Analysis). For each
mecthodology element of Section B.3 the corresponding methodology clement was identified in
the document. Each pair of corresponding elements was compared for assumptions and factors
considered.

4.2.3.1 Determination of Extent of Consistency of Methods

[Describe the extent of correlation between the methods in the License/Station document and
Section B.3. Details of the comparison are contained in an Appendix. Where there are
differences between the details in some pairs of methodology elements, either show that the
differences were determined not to result in safety significant differences in the lists of safe
shutdown equipment that would be gencrated by both methods or modify the circuit analysis, as
necessary]

4,2.3.2 Modifications and Additional Analyses for Compliance

[State either that no modifications or additional analyses were required to establish compliance
with the methodology elements in Section B.3.4. or describe the modifications and analyses
conducted to demonstrate compliance]

4.2.4 Comparison of Methodology Used for Current Associated Circuit Analysis
with Applicable New Methodology

Licensee/Station’s methodology for analyzing associated circuits is contained in [identify
document]. The methodology in that document was compared in detail to the methodology in
Scction B.3.4 of Appendix B of NFPA 805 (Other Required Circuits). For each methodology
element of Section B.3.4 the corresponding methodology element was identified in the
document. Each pair of corresponding elements was compared for assumptions and factors
considered.

4241 Determination of Extent of Consistency of Methods

[Describe the extent of corrclation between the methods in the License/Station document and
Section B.3.4. Details of the comparison are contained an in Appendix. Where there are
differences between the details in some pairs of methodology elements, either show that the
differences were determined not to result in safety significant or modify the analysis, as
necessary.]
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4.2.4.2 Modifications and Additional Ana\lyses for Compliance

[State either that no modifications or additional analyscs were required to establish compliance
with the methodology elements in Section B.3.4. or describe the modifications and analyses
conducted to demonstratc compliance]

4.2.5 Comparison of Methodology Used for Equipment and Cable Location
Analysis with Applicable New Methodology

Licensee/Station’s methodology for equipment cable and location analysis is contained in
[identify document]. That methodology was compared, in general, against the methodology in
Section B.4 of NFPA 805 Appendix B. For cach methodology element of Section B.4 the
corresponding methodology element was identified in the document. Each pair of corresponding
elements was compared for assumptions and factors considered.

4251 Determination of Extent of Consistency of Methods

[Describe the extent of corrclation between the methods in the License/Station document and
Scction B.4. Details of the comparison are contained in Appendix. Where there are differences
between the details in some pairs of methodology elements, either show that the differences were
determined not to result in safety significant or modify the analysis, as necessary.]

4.2.5.2 Modifications and Additional Analyses for Compliance

[State cither that no modifications or additional analyscs were required to cstablish compliance
with the methodology elements in Section B.4. or describe the modifications and analyses
conducted to demonstrate compliance]

4.2.6 Overview of Table B-3 Process for Making Fire Area Assessments to
Determine Effects of Fire or Fire Suppression on Compliance with Nuclear
Safety Performance Criteria

The current fire protection licensing basis for each fire area has been summarized by completing
the templates provided in the NEI 04-02 Implementing Guidance, Appendix B-2 (Table B-3).
The completed templates are in an Appendix. Among the program elements addressed are:

e The current fire protection licensing basis (i.e., compliance with Sections 111.G.2, 111.G.3
of 10 CFR 50, Appendix R, etc.) including approved exemptions/deviations

¢ Detection - Licensing and design basis references for detection system
(exemptions/deviations, SERs, Generic Letter 86-10 evaluations/code compliance
evaluations, ctc.). Requirements for detection systcms used to meet the nuclear safety
performance criteria require assessment in accordance with Chapter 3 of NFPA 805.

* Suppression — Licensing and design basis references for detection system
(exemptions/deviations, SERs, Generic Letter 86-10 evaluations/NFPA code compliance
evaluations, etc.). Requirements for suppression systems used to meet the nuclear safety
performance criteria require assessment in accordance with Chapter 3 of NFPA 805.
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¢ Emergency Lighting — Licensing and design basis references such as
cxemptions/deviations, SERs, calculations)

e Manual Actions — Manual action information for the fire arca including: 1) whether or
not manual actions are relied upon for the fire arca, 2) whether or not the manual actions
are previously approved by the NRC, 3) whether or not the manual actions are relied
upon for post-fire safe shutdown.

e Outstanding Current Licensing Basis Issues — References to items that have been
identified as being outside of the current licensing basis (such as corrective action
documents, inspection findings and violations, and generic industry issues).

Table B-3 is included as an attachment.

4.2.6.1 Deterministic Methods

[List those fire arcas that arc transitioning under the “grandfathered” deterministic option.]
4.2.6.2 Risk-Informed, Performance-Based Methods

[List the firc areas that are transitioning using the risk-informed, performance-based techniques
contained in NFPA 805. For each area, include a summary of the basis for acceptability of that
change. References should be given to the detailed analyses performed as part of the transition.]

4.2.6.3 Modifications to Achieve Compliance

A licensce will list any modifications necessary to bring the plant into compliance with cither the
deterministic or performance-based acceptance criteria. The schedule for these modifications
should be included in the License Amendment Request.

4.2.7 Nuclear Safety Performance Criteria in Non-Power Modes

Licensec/Station has used the templates provided in the NEI 04-02 Implementing Guidance, to
summarize the current licensing basis associated with non-power modes. The information
includes:
¢ Current outage management procedures
o Current firc protection insights that had been incorporated into outage management
practices
o The safe shutdown analysis for compliance with 10 CFR 50, Appendix R, to determine
the extent that equipment used to achieve and maintain cold shutdown (i.c., the residual
heat removal system) had been identified and analyzed.
Dectails are provided in the completed templates in an Appendix.

4271 Overview of Qualitative Risk-Informed, Performance-Based
Evaluation Process

Discussions were held between the Probabilistic Risk Assessment (PRA) and Fire Protection
staffs to determine the best way to integrate NFPA 805 fire protection aspects into existing
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Outage Management Processes. Licensee/Station had previously conducted a low power and
shutdown opcrations analysis based on NUREG 1449. Licensec/Station also has a [identify
document] that contains a defense in depth checklist for each train alignment and evolution for
outage management.

4.2.7.2 Results from Risk-Informed Evaluation Process

The following procedures and processes are used/modified to mect the low power operations
criteria. [Identify and summarize procedures and processes. Among other things, describe the
revisions to the current NUREG 1449 analysis to include additional components and circuits and
how they were integrated with the current defense in depth checklist.]

4.3 Radioactive Release Performance Criteria

4.3.1 Overview of Evaluation Process

Licensee/Station updated the current NUREG 1449 analysis to include the additional
components and circuits necessary for compliance with NFPA 805 and integrated those results
with the current defense in depth checklist. Licensec/Station has used the templates provided in
the NEI 04-02 Implementing Guidance to summarize the current information associated with
control of radioactive release due to fire fighting. Information about fire pre-plans and training
materials for Fire Brigade members has been included. [Copies of the completed templates are
in an Appendix.]

4.3.2 Results from Evaluation Process

The following procedures and processes will be used either as is or as modified to meet the low
power operations criteria. [Summarize procedures, processes and any changes. Among the
changes that may be required are revisions to pre-fire to give more specific guidance with respect
to controlling potentially contaminated smoke and fire fighting water and updating of training for
Fire Brigade lcaders on Part 20 limits.]

44 Monitoring Program

In order to assess the impact of a transition on the current monitoring program, the
Licensee/Station fire protection program documentation hierarchy, maintenance program process
/ procedures and plant change processes were reviewed. Sections 4.5.3 and 5.20f the NEI 04-02
Implementing Guidance were used during the review. The results of those reviews follow.

4.41 Compliance with Section 2.6 of NFPA 805

4411 Extent of Reliance on Current Programs

[Summarize the extent to which current programs/processes have been relied on.]
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4.4.1.2 Overview of Additional Program Elements

The monitoring program has been upgraded in the following ways. [Describe upgrades.
Describe a decision process for determining the appropriate responsibility for monitoring that
should be included for fire protection equipment (i.e., does it go in the Maintenance program or
the fire protection equipment operability control process).] It is envisioned that a Licensee will
summarize the necessary upgrades to the monitoring program.

4413 Phased Process for Expanding Monitoring Program
The monitoring program will be expanded on the following schedule. [Provide schedule]
4.5 Program Documentation, Configuration Control, and Quality Assurance

4.5.1 Compliance with Documentation Requirements in Section 2.7.1 of NFPA
805

Licensce/Station has developed a hierarchy document which explains how fire protection
program procedures and documentation fit together. [This document should be included in this
section.]

4.5.2 Compliance with Configuration Control Requirements in Section 2.7.2 of
NFPA 805

4521 Extent of Reliance on Current Programs

[Summarize the extent to which current programs/processes have been relicd on. The summary
may be brief, as shown in the following example.

The existing fire protection quality assurance program is sufficient for a risk-informed,
performance-based program transition. The scope of fire protection features that fall under the
umbrella of the fire protection quality assurance program may change based upon whether the
feature(s) will continue to be credited (directly or via defense in depth analyses) under the new
risk-informed, performance-based program.)

4.5.2.2 Overview of Additional Program Elements

[Describe the necessary upgrades to the fire protection/configuration control/quality assurance
programs. These may include, but are not limited to,

¢ Guidance similar to NEI 02-03 for assessing changes
e A procedure for the change process if the change does not pass a screcning process.]
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Appendix I - Plant Change Evaluations

This Appendix supplements information contained in Section 4.4. Refer to Figure 4-4.
1.1 Overall Change Evaluation Process

The overall Change Evaluation process involves a graded and potentially iterative process. The
intent of the graded approach is to provide analysis flexibility to address a wide range of issues
and conditions. It also provides the mechanism to recognize and incorporate the diverse set of
plant fire risk analyses in the industry. In general, the Change Evaluation process focuses on
performing those Engineering Analyses needed to establish the acceptability of the change. As
such the methods described herein will typically provide conservative (bounding) results.

1.2 Change Definition

A concise statement of the change should be developed. The change is defined as the altering or
modification of a statc or condition that is consistent and compliant with the Licensing Basis
(CLB pre-transition or NFPA 805 Licensing Basis post-transition) to some other state or
condition not specifically recognized or addressed by the Licensing Basis. The statement of the
change should describe the condition requiring examination and focus on the key inconsistencies
with the requirements of the Licensing Basis as they relate to satisfying the Performance Criteria
described in Scction 1.5 of NFPA 805. These inconsistencies will become the focus of the
Change Evaluation process.

Note that the initial assessments discussed in Section 1.4 arc dirccted at complex changes that
would require engineering analysis for resolution. It is expected that minor, routine changes
would be dispositioned in a qualitative manner using processes similar to the design review and
work control processes that exist at nuclear plants under a traditional regulatory framework and
not be considered as “changes” to the Licensing Basis. Examples of minor routine changes, that
arc typically reviewed for impact by fire protection staff, but would not be considered a “change”
to the Licensing Basis, are:

* Addition of minor amounts of cable to a cable tray, where margin is provided in combustible
control programs.

* Changing a handwheel on a valve to a similar type.

= Relocating a fire extinguisher several fect due to planned modifications.

= Scaling a wall penetration with an approved rated material.

= Changing the type of fire hoses used at hose stations.

» Changing a fire protection feature (i.e., barrier, detection, or suppression system) in an area
with no potential for impact on nuclear safety or radioactive rclease)

» Changing a protective device setting on a power supply credited for post-fire nuclear safety,
within the limits for acceptable coordination.

= Rewiring a circuit for a component credited for ensuring nuclear safety. The rewiring doces
not result in any new failure modes due to fire in any plant firc area.
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* Discovery of an unrated penetration in a barrier that has been previously cvaluated as
“adequate for the hazard” under a Generic Letter 86-10 fire arca boundary evaluation. The
particular penetration is bounded by the evaluation.

The statement of change may involve multiple plant features. In some instances, the resultant
altered condition may be inconsistent with the Licensing Basis, but otherwise meets the criteria
associated with the deterministic approach.

Example:

Prior to the transition to NFPA 805, an exemption or deviation may be applicable to an area
that otherwise satisfies the deterministic criteria. Following transition to NFPA 805, the post-
transition licensing basis (NFPA 805 Licensing Basis) would recognize this “approved”
configuration. For this example, let us assume that redundant circuits for credited safe
shutdown equipment are present in a fire area and the NFPA 805 Licensing Basis acknowledges
the lack of raceway fire barriers and automatic suppression. The acceptability of this
configuration is based on the lack of in-situ ignition sources and limited combustibles.

A discrepancy is identified where a plant modification resulted in the introduction of an oil
lubricated pump and associated cabling. As a result, the configuration of the area is no longer
consistent with the NFPA 805 Licensing Basis. Therefore, it cannot be assumed that one safe
shutdown path will be available given a postulated fire event. The unavailability of a safe
shutdown path results in the inability to meet the performance criteria of NFPA 805, Section 1.5.
However, the scope of plant safe shutdown systems under consideration could be expanded such
that a redundant or diverse means becomes available using equipment and circuits outside the
fire area. The addition of this new safe shutdown system feature to the fire protection program
would result in the area now meeting the deterministic requirements of Section 4.2.3 of NFPA
805. Therefore, the change statement would address the current NFPA 805 Licensing Basis
requirements for no fire ignition sources and no combustibles, the impacted plant system
Seature(s), the new system to be considered in the fire protection program, and the fact that this
new system meets the criteria for the deterministic approach. In this case, the application of the
deterministic criteria is deemed to satisfy the performance criteria and no further analysis is
required.

In this example, the change evaluation would document the asscssment, the “new” feature(s)
being credited, and indicate the applicable deterministic criteria that form the basis for
acceptance. In this casc, detailed engineering analyses using firc modeling and/or PRA would
not be required.

13 Fundamental Program Elements and Minimum Design Requirements

The Change Evaluation process is an integral part of the risk-informed, performance-based
option provided by NFPA 805 for meeting the performance criteria as described in NFPA 805,
Section 1.5. A License Amendment Request will be required for changes to fundamental
program elements or minimum design requirements required by Chapter 3 of NFPA 805.
Therefore, the Change Evaluation process begins with a confirmation that the change under
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consideration docs not involve a specific requirement of Chapter 3 or the related NFPA 805
Licensing Basis for satisfying the Chapter 3 requircments.

14 Initial Assessment

The Change Evaluation process may involve the application of firc modeling and risk assessment
techniques. Before either technique is applied a preliminary assessment of the change should be
performed. The purpose of this preliminary assessment is to gain insights as to whether
simplified treatment (referred to as an initial assessment) would be sufficient to demonstrate the
acceptability of the change. Otherwise, a detailed integrated analysis should be performed.
NFPA 805 requires that engineering analyses be performed to judge acceptability. This may
include traditional enginecring analyses, fire modeling, and risk assessment. The goal of the
initial assessment is to structure cither the fire modeling analysis OR the risk assessment such
that the need for the other is eliminated by the bounding trcatment of results.

1.4.1 Preliminary Assessment

The preliminary assessment involves the examination of the parameters that would be used as
input to the firc modeling analysis and risk assessment. If it can be discerned that one approach
would be successful and less burdensome as compared to the other, then that path should be
chosen. Otherwise, it would be appropriate to undertake both paths in parallel until the
advantages of onc over the other can be determined. Regardless of the path taken, the degree of
analysis refincment applied in the initial assessment is limited since the objective is to bias the
analysis in the conservative dircction so that only one analysis type is requircd to demonstrate
acceptability of the proposed change — either fire modeling or risk assessment. In other words, if
a large fire would result in a very low consequence event, then a risk analysis may be the most
cffective method of evaluation. On the other hand, if the likelihood of a significant fire is very
low due to lack of ignition sources, combustible loading, and dctection and suppression systems,
a fire modeling approach may be the most effective method.

The objective of the preliminary assessment is to determine if one of the following outcomes is
reasonably likely to occur. If both are judged to be possible, then the path involving the least
cffort should be taken. If neither is judged to be possible, then the initial assessment should not
be performed and the detailed integrated analysis should be pursued.

1. The fire modcling analysis can demonstrate that target damage does not occur given a
postulated Maximum Expected Fire Scenario (MEFS) AND the Limiting Fire Scenario
(LFS) involves an incredible event. An example of an incredible LFS is one that involves an
oil volume greater than that available. If this can be achieved, the translation of these results
into a risk assessment would result in no change in calculated core damage frequency (CDF)
and Large Early Release Frequency (LERF). This conclusion can be reached without
performing a risk assessment since only the incredible fire scenario would result in target
damage.

2. The risk assessment can demonstrate that there is either no, or negligible, change in CDF and
LERF assuming target damage occurs. If this can be achieved then the fire modeling results
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arc immaterial to the analysis since the risk charactcrization alrecady assumes damage has
occurred.

If the initial assessment proves to be successful, then the resulting analysis should be
documented and retained. If the initial assessment is not successful, the results can provide
useful insights in support of the intcgrated detailed analysis. If the initial assessment is
successful, the supplemental information and requirements of Section 4.4, including defense-in-
depth, safety margins, and uncertainty, must be considered. In addition, any needs for
monitoring the critical inputs and assumptions must also be addressed.

1.4.2  Initial Fire Modeling

The initial analysis should refer to the fire modeling guidance provided in Appendix D for
specific details. The purposc of the fire modeling is to examine the response of the target to a
postulated MEFS and to define the LFS. The target for the analysis is typically that plant feature
in the fire area of interest that would have otherwise been deemed protected from the effects of
fire if the configuration was consistent with the Licensing Basis (CLB pre-transition or NFPA
805 Licensing Basis post-transition). The acceptance criteria for this initial firc modeling
analysis are:

1. The MEFS must not result in target damage, AND
2. The LFS must be an incredible event.

The MEFS involves the consideration of the fire types that have a recasonable likelihood of
occurrence. This should include treatment of both fixed fire ignition and those that are
associated with “transient” activities such as cutting or welding. The philosophy that should be
applied here is similar to that traditionally used in performing evaluations related to Single
Failure. It is not the intent of MEFS to consider all scenarios that could possibly occur, but
rather only those that have a reasonable likelihood of occurring. The MEFS is developed based
on the in-situ fire ignition sources, the in-situ fuel loading, and potential transicnt sources. The
resulting fire scenario should consider the following factors, which help define the “reasonable
likelihood of occurrence”:

a. Firc damage to only the target itself is not likely to cause an undesired result since it
is the combination of the target together with a redundant success path in the area that
created the need to “protect” that target. Therefore, the MEFS should not result in -
concurrent damage to the identified target and that redundant success path. If such an
MEFS does exist, then the initial fire modeling approach has failed. If the MEFS
does not result in these failures, then the analysis should proceed to completion.

b. The consideration of the “closest” credible location for the MEFS may not necessarily
be bounding. A more significant ignition source or concentration of fuel further away
may produce more adverse results. This is especially important if the closest MEFS
results in no target damage.

c. The fire modeling should consider spatial features that would tend to offer shielding
from the effects of fire, but shall not credit automatic fire suppression system
response. This is because it would inherently introduce risk-informed parameters that
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would require further examination using PRA techniques. An exception occurs if the
change being considered specifically involves the configuration of the suppression
system. In this case, the response (performance) of the changed fire suppression
system to postulated fire events should be specifically examined.

d. Manual fire fighting activities shall not be credited as the basis for concluding that
target damage docs not occur, since it also would inherently introduce risk-informed
paramcters that would require further examination using PRA tcchniques.

c. Transient combustible bascd fires could occur almost anywherc. Locations that are
difficult to access may be unlikely to have combustibles, but if present are also
unlikely to be discovered during the course of routine plant tours and inspections.
Areas explicitly under administrative control, such as transient combustible free
zones, should be confirmed to be periodically inspected. The results of those
inspections should be considered in the analysis.

f. The treatment of transient combustibles should not be based solely on the transient
combustible control program limitations. Instcad, it should consider the available
physical floor space when characterizing the size and burning characteristics of the
postulated fire (fuel package). For example, it would be unlikely to have an
accumulation that blocks an aisle or stairway landing. The scenario development
should also consider the maximum expected transients that are expected beyond the
control limitation when compensatory measures are established.

Refer to Appendix D, Section 2.4.4 for additional detail on development of the MEFS.

If the analysis rclated to MEFS concludes that target damage does not occur, the analysis should
progress to defining the LFS. The LFS involves a purely hypothetical condition wherein the fire
scenario is increased in severity to the point where unacceptable results occur. For example,
using item a) above, the LFS would involve increasing the severity of the fire scenario to a point
where both the target and the redundant success path are damaged. In developing the LFS, the
treatment of any installed fire suppression system must be consistent with that of the MEFS. In
other words, if the guidance for developing the MEFS did not allow credit for suppression, then
the LFS must also not credit suppression.

The development of LFS involves the variation of analysis variables to cause failures. The
particular variables to be evaluated depend on the specific problem. The following are
paramecters that one would expect to vary as part of a detailed fire modeling until failure
conditions are identified:

Heat release rate per unit area and total heat release rate

Firc growth or flame spread rate including consideration of fire propagation
Flame radiative fraction or radiative power

Location of fuel package relative to target (if variable)

The development of the LFS should consider the following guidance.
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Type of lgnition/Fuel Discussion

Pump/Motor The development of an LFS for a fire scenario involving an oil spill does not need to
Lubricating Oil Fires  increase the volume spilled beyond that physically present in the area. Instead, the
resultant heat release rate is increased beyond that considered in the MEFS to develop
the LFS. The increase of the rate with a fixed volume results in a reduction of the
calculated time to consume the fuel supply. A comparison of the volume against this
duration can be used to determine the reasonableness of the LFS for the purposes of
determining if the fire is incredible.

For example, the EPRI FIVE parameters for an unconfined spill involving DTE 797
would result in a fire duration of about 10 seconds depending on the specific fuel
properties being considered. If the LFS requires a duration of less than 10 seconds, it
can be considered to be an incredible event. It should not be inferred that the 10
second duration is the recommended criteria for establishing an incredible event.
Instead, it is provided only as an example. Similarly, if the volume spilled is large,
say 50 gallons, and the LFS requires a duration that is unreasonable given the volume
involved can also be considered an incredible event.

Medium Voltage The development of an LFS for a switchgear fire can involve an increase in both the

Switchgear Fires heat release rate as well as duration. However, the available fuel supply (wiring) may
be limited but difficult to quantify. The complicating factor for a switchgear fire
involves the potential for high-energy arcing or explosive type events that are not
amenable to traditional fire modeling techniques.

The LFS for non-arcing and explosive events should be developed by increasing the
heat release rate, while maintaining the duration equal to that of the MEFS. The LFS
for an arcing or explosive event should be developed based only on the spatial
distance from the originating switchgear. If the required increase in heat release rate
and spatial distance is a factor of 2 or greater, the event can be considered to be
incredible.

Load Centers and Low  The development of LFS for Looad Centers and Low Voltage (less than 480 V)
Voltage Switchgears  Switchgears should apply the guidance for medium voltage switchgear except arcing
and explosive events need not be considered. These electrical components have
breakers similar in design and construction to medium voltage switchgears. However,
the lower short circuit energy potential would tend to preclude explosive events from
occurring.

MCC and Electrical The development of LFS for an MCC fire should apply the guidance and criteria for
Cabinet Fires medium switchgear except arcing and explosive events need not be considered. This
is because of the specific components contained within these types of power
distribution equipment combined with the lower short circuit energy potential as
compared to medium voltage switchgears.

Transformer Fires The development of LFS for transformers is dependent on the type of transformer
being considered. Medium voltage primary, “open” air cooled transformers should be
treated differently than similar sealed oil cooled transformers. Oil filled transformers
may require different treatment depending on the type of oil used. Sealed gas filled
transformers and low voltage transformers should be excluded. -

Open air-cooled transformers should apply the guidance provided for switchgears. Oil
filled transformers will require specialized treatment on a case-by-case basis.

Transient Combustible  The LFS for a transient combustible fire should be developed by defining the
Fires associated physical fuel package size to determine heat release rate and fire duration.
If the resultant fuel package cannot fit in the requisite space, then it can be deemed an
incredible event.

Revision E 164



Refer to Appendix D, Section 2.4.6 for additional discussion on LFS development.

If the fire modeling concludes that the postulated MEFS docs not result in target damage and the
LFS is deemed to be an incredible event, the change is acceptable and no further analysis is
required, as long as the considerations in Section 4.4.2 arc adequately addressed. A risk
asscssment is not required in this case because the analysis effectively demonstrates that target
damage docs not occur. Both conditions must be satisficd in order for the change to be
considered acceptable. If both conditions are satisfied, no further analysis is required to
demonstrate the acceptability of the change.

1.4.3 Initial Risk Assessmert

The initial risk assessment involves a simplified trcatment of the change under consideration.
The process involves the comparison of the risk characterization assuming target failure occurs
against that assuming no failurc occurs. The potential challenge in performing this analysis is
the availability of plant fire risk related information to support this comparison. The readily
available plant fire risk assessment could vary from a screening type FIVE analysis that has not
been updated since the IPEEE efforts to a comprehensive, current fire PRA. The process of
performing the initial risk assessment will vary depending on the type of existing study that is
available. In some instances, use of the existing internal cvents plant PRA model may be the
most expeditious approach. In other instances, the existing plant fire PRA would effectively
result in this initial analysis being equivalent to the detailed integrated analysis discussed in
Section 1.5. If the existing documentation supports such an approach, the user should refer to
Section 1.5 for further guidance.

The performance of the initial risk assessment has two prerequisites that must be satisfied in
order to proceced.

1. There must be a logic model that realistically represents the physical plant response to
initiating events. These initiating events may or may not necessarily be fire events. In all
cases, the plant internal events PRA model would satisfy this requirement. In some
instances, a firc specific model may be available. If so, it should be used. There may be
special circumstances for individual Change Evaluations where an acceptable evaluation
can be completed without this prerequisite being met. This must be addressed on a case-
by-case basis.

2. The consequences of a postulated fire in the area under consideration must be understood
in terms of potentially lost system functions and other fire related effects. This may or
may not include specific fire scenarios and detailed spatial information for all targets in
the area. If specific firc scenario information is available, it should be used.

An exception to these prerequisites occurs if the change under consideration does NOT involve
required indication (process monitoring) instrumentation AND affects only plant system features
and/or components that arc immaterial to the PRA success criteria. The reason that process
monitoring instrumentation is excluded is due to the potential impact on opcrator recovery
actions inherent in the risk model. Depending on plant particulars, examples could include the
shutdown cooling mode of RHR for BWR plants, and boron injection for PWR plants for
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scenarios where RCS integrity is maintained. In these cases, the change in CDF and LERF can
be shown to be negligible without the performance of any specific risk analysis. It is noted that
trcatment of LERF requires consideration of components and functions that are not necessarily
modeled in the plant PRA. This may include containment isolation valves. These need to be
considered beforc taking advantage of this exception to ensure that a fire induced containment
bypass condition docs not occur.

If it is determined that a risk assessment is needed and the two prerequisites are satisfied, the
analysis should proceed using the guidance provided below. It is noted that the level of detail
associated with each of the prerequisites could vary widely from plant to plant. While the
threshold for satisfying the prerequisites is relatively low, the extent of the state of knowledge
has a direct influence on the imbedded conservatism in the analysis results. Unfortunately, this
conservatism cannot be easily quantified and therefore cannot be extracted from the results.

The guidance for the initial risk assessment has been structured assuming that the existing plant
fire risk analysis not an up to date firc PRA. If a plant firc risk assessment is available then it
should be used. If this is the case then many of the elements of the analysis will be readily
available from that assessment.

a. The fire ignition frequency for the area under consideration needs to be determined.
This value should be readily retrievable from the Fire IPEEE. If no significant plant
equipment changes have occurred since the completion of the Fire IPEEE the
previously calculated value should be used. Otherwise, the plant change(s) should be
reviewed to assess their impact on the ignition frequency.

b. The scope of plant systems that have features present in the area under consideration
needs to be identified. Alternatively, the set of plant system known to be absent from
the area can be identified. In either case, the objective is to develop a listing of plant
systems that are available following a postulated fire event. If the status of certain
plant systems cannot be determined, then they should be assumed to be unavailable.

The existing fire risk analysis information should be incorporated into this assessment
to the extent possible. This may involve crediting additional plant systems not
considered in the fire protection program, previously completed fire modeling
analyses, and specific fire scenario definitions.

c. If an existing plant fire risk assessment is available it can be used for this initial
assessment. However, if factors such as fire severity and credit for fire suppression
are to be incorporated, then the analysis should progress dircctly to the Combined
Analysis discussed in Section 1.5.

d. The impact of the change under consideration is then integrated into results of b),
above. This effectively creates at least two cascs for consideration. If the existing
data supports treating only a bounding fire scenario that damages all features within
the arca, then two cases would result. One is the baseline that would represent a
configuration consistent with the CLB and the other would represent the
configuration associated with the change.
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If data from an existing fire risk analysis is incorporated, then multiple potential cases
could arise. If this detail is used, then the analysis should progress directly to the
Combined Analysis discussed in Section 1.5.

c. The cases to be considered are analyzed using the plant PRA model or the plant fire
PRA model if available. The PRA model can be quantified to generate either a
conditional core damage probability (CCDP) or a CDF value. If the initiating event
frequency is set of 1.0 in the PRA modecl, then a CCDP will be generated and the fire
ignition frequency must be applied (multiplicd) separately. If the initiating event
frequency is set equal to the fire ignition (scenario) frequency, then a CDF will be
generated directly. Either approach is acceptable.

The case(s) that treat the change under consideration should be quantified first. The
purpose of this sequencing is that it may eliminate the need to quantify the baseline
case(s). If it were assumed that the baseline casc resulted in negligible risk
contribution, then the CDF obtained by quantifying the “change” would essentially be
equal to the change in CDF. If the cumulative value of the CDF for the “change”
case(s) is less than 1.0E-07/yr, the screening for LERF described in step (f) shall be
performed. Otherwise, the process should continue to step e.

f. The change in CDF is equal to the difference between the CDF for the “change” and
the CDF for the baseline configuration.

J
ACDF = iCDFC,. - D CDFy,
i=0 i=0

where: CDF;
CDFy;

CDF given the change for fire scenario i
CDF for the baseline configuration for scenario i

If a negative result in obtained, then the change under consideration results in a
reduction in CDF. The guidance in Section 4.4.2 is uscd to determine whether the
initial risk assessment demonstrates the acceptability of the change. If the change in
CDF is not acceptable, a detailed integrated analysis can be performed using the
guidance in Section L.5.

g If the change in CDF meets the LERF acceptance criteria in Section 4.4.2, then no
further assessment for LERF is necessary. Otherwise, an assessment for impact on
LERF is required as discussed in step h.

h. The screening for LERF requires that the proposed change does not result in a
containment bypass condition. If the containment isolation function remains
available, and the ACDF criteria has been satisfied, then the guidance in Section 4.4.2
should be used to complete the determination of the acceptability of the change.

L5 Combined Analysis
The initial assessment described in Section 1.4 provides a simplified approach that tends to

generate a conservative and bounding result. The guidance provided in this section is intended
for those applications where a more detailed assessment of the impact of the change under
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consideration is desired or nccessary. The analysis process discussed in this section will apply
many of the accepted industry practices related to fire risk assessments. Detailed guidance for
these practices are available in industry literature and through the Electric Power Research
Institute (EPRI) and are not discussed in detail here. The user should refer to these industry
documents for further information if desired. This section focuses on the process for performing
a detailed integrated analysis in support of a Change Evaluation.

The overall objective of the analysis is to develop an estimate of the CDF and LERF increase
associated with the change under consideration. The process of performing this analysis can
proceed using cither a fire source based or target based approach. Either approach can be
successful, but certain instances or configurations may arise where one approach may have an
advantage over the other in term of required level of effort. Both approaches also have pitfalls
that should be avoided.

= The fire source based approach can be viewed as the traditional approach. Using this
approach, a firec modeling analyst examines cach of the identified fire ignition sources within
the arca under consideration. The consequences of each of these scenarios is then translated
to a target damage set and quantified using the PRA model. This approach would be the
preferred method in arcas with many potential targets involving redundant systems.

The key pitfall in the fire source based approach involves areas with numerous fire ignition
sources. The rigor applied in the fire modeling analysis for each individual source could be
significant. The underlying results for many of the scenarios could be identical with respect
to impacted plant system functions. The net effect would be the potential expenditure of
significant resources in completing many fire modeling cases that when incorporated into the
PRA model all produce identical conditional core damage probability results. These
scenarios could have been aggregated into a single fire scenario supported by simplified
bounding firc modeling analyses.

» The target-based approach is less commonly used. Using this approach, the entire target set
in the area under consideration is reviewed in the context of spatial arrangement. If this
arrangement shows spatial separation of redundant features, then the fire modeling task is
focused only on determining if an MEFS exists that would damage redundant targets. This
approach would be the preferred method in areas that is predominantly of one train with a
minimal target exposure for the redundant train. It would also be appropriate in large arcas
that have redundant targets at “opposite ends” and arc also relatively benign with respect to
fire ignition sources.

The key pitfall in the target-based approach involves areas with numerous targets of
redundant trains that are intermingled. A significant effort may be required to map the
targets in the arca of interest followed by a confusing, and sometimes unsuccessful, effort to
develop logical groupings by system and system function. The net effect is either an
unusable map or a failed attempt that then reverts to the fire source based approach.

The optimal approach to be applied for any given change to be examined needs to be determined

on a case-by-case basis. The results of the initial assessment described in Scction 1.4 should be
used if available to assist in determining the appropriate approach. Regardless of the approach

Revision E 168



taken, the two fundamental tasks are fire modeling and risk assessment. The scctions that follow
provide guidance for these two tasks that are applicable for either approach.

I.5.1 Fire Modeling Analysis

The discussion of firc modeling presented in this section is intended as a supplement to that
provided in Section 1.2. The guidance provided in 1.2 is not repeated in this section. Appendix
D provides information on the technical aspects of fire modcling.

Firc modeling analyses are used to cxamine the behavior of postulated fire scenarios and the
response of targets of interest. For the purposes of this discussion, the heat release rate and total
duration of the originating firc arc referred to as the fire source term. Depending on the overall
approach taken, the objective of the fire modeling may vary. If the ignition source based
approach is taken, then the output of the fire modeling analysis is the characterization of the
extent of damage for a given fire source term. Multiple fire source terms may be required to
adequately address a scenario if fire severity factors are applied.

Firc severity factors are typically used as a partitioning term used to modify the frequency of a
particular fire occurring. If fire severity factors are not applied, then all postulated fires for a
given fire ignition source must be assumed to result in consequences consistent with the worst
credible event. If fire severity factors are applied, it is important to ensure that the selected
factor is appropriate given the MEFS and LFS developed in the firc modcling analyses. Various
industry documents are available, such as those developed by EPRI, and should be used.

The results of the fire modeling analysis should be presented in a format that simplifies the
development of individual fire scenarios in the fire risk assessment. To achieve this objective,
the analysis should provide the following information in instances where the fire source based
approach is used.

1. A brief summary of the analysis results should be provided. This is intended to be used
primarily as a scenario identifier. This could be as simple as MCC Fire, Severe MFW
Pump Oil Fire, etc. Suppression system response should be specifically noted if credited
in the analysis. In each instance where suppression system response is credited, a
complementary scenario where suppression fails must be provided.

2. The fire source term should be defined — heat relcase rate and originating firc duration.

3. Depending on the organization of the available plant information, the fire scenario should
provide a detailed listing of impacted plant featurcs. The plant features that should be
listed need to have been previously coordinated with the risk analyst. Some plant fire
risk analyses have comprehensive linked databases that track credited equipment,
associated, cables, cable routing points, associated fire arcas, and related PRA model
basic event.

In cases where a target-based approach is used, the risk analyst should have already provided a
problem statement to be addressed. In this case, the fire modeling objective is to determine the
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group of credible fire scenarios that would cause the undesired condition to occur. If a credible
firc event does not exist, then the fire modeling analysis should present that conclusion and
whatcver documentation is needed to justify that conclusion. The following information should
be provided where the target based approach is used.

1. A statement of the problem or condition being examined should be provided.
2. The fire source term that was used needs to be defined.

3. A narrative of the sequence of events that cause the undesired condition to occur should be
presented. The risk analyst will model the scquence of events. For example:

A particular area in a plant is found to contain redundant safe shutdown circuits. These
circuits are routed to instrument racks on opposite walls of a room. The fixed fire ignition
source in the area is limited to an oil lubricated pump located along a third wall that is not
required to perform a post fire safe shutdown function. The problem statement describes a
risk significant condition if redundant instrument racks (circuits) are damaged in a single
fire scenario. The fire modeling effort concludes that transient combustible based fires can
disable an individual rack, but cannot disable both racks. The fire modeling for the pump
concludes that fires could impact redundant circuits. However, such an event would require
involvement of the majority of the oil inventory in the pump. A fire involving less than 25%
of the oil inventory was determined to cause damage to circuits associated with only one
rack.

In order to satisfy the requirements of NFPA 805, LFS must also be determined. If the target
based approach is used, the determination of LFS can be determined by incrementing the fire
source term until unacceptable results as defined in the problem statement occurs. The resulting
margin between MEFS and LFS is then determined and compared to the criteria provided in
Section 1.4.2. If the margin meets the criteria, then no further assessment is required. If it does
not, then further reviews should be performed to ascertain if an alternative basis for concluding
that the LFS is incredible can be developed.

If the source-based approach is used, the determination of LFS can be very difficult. This is
because the set of fire-induced failures that would cause an unacceptable result may require a
lengthy iterative process with the risk analysis. Rather than pursue an iterative approach, it is
rccommended that the LFS be set equal to a value consistent with acceptance criteria provided in
Section 1.4.2. The corresponding target failure set is then defined and evaluated for CDF. If the
difference between the CDF for the MEFS and LFS cases is negligible, then no further
assessments related to this topic is required. If it is not, then consideration should be made to
base the risk assessment on the LFS rather than the MEFS.

1.5.2  Fire Risk Analysis
The development of a fire risk analysis is described in numerous industry guidance documents.
These documents include the EPRI FIVE and Fire PRA Implementation Guides. A discussion is

also provided in NEI 00-01. This document does not attempt to repeat nor provide a
comprehensive procedure for performing a fire risk assessment. Instead, it focuses on providing
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guidance is several key technical areas that may be encountered in the Change Evaluation
process.

The overall process for performing the fire risk analysis involves three basic steps. These steps
are:

1. Fire PRA Input Parameters — this involves the development of the fire scenarios and the
associated numerical inputs such as fire ignition frequency.

2. Fire Scenario Quantification — this involves the definition of the individual fire scenarios
and the quantification of those scenarios.

3. Fire PRA Results — the results of the analysis in terms of change in CDF and LERF need
to be determined.

1.5.2.1 Fire PRA Input Parameters
In order to perform a fire risk assessment, 3 basic inputs should be available.

1. A logic model that can be quantified is needed. This model needs to realistically represent
the response of the plant to a postulated fire event. In some instances, the plant internal
cvents PRA model is sufficient.

2. The set of objects in the logic model that are not available given the fire scenario under
consideration must be determined. These unavailable objects are treated as failed in the logic
model by setting them to “TRUE”.

3. The annual frequency of occurrence of the scenario under consideration must be known.

The effort to obtain each of these inputs is likely to vary from plant to plant depending on the
status of their Fire IPEEE or Fire PRA. In most cases, the logic model can be created with
relative case from the plant internal events PRA model. However, the plant PRA model
addresses a scope of initiators that is much more expansive than needed for the fire analysis. In
addition, the plant PRA model includes objects for various operator recovery actions. These
actions may include actions outside of the main control room. The failure probability assigned
for these recoveries may not necessarily be application given a postulated fire event. This is
especially true if the available response time is short, or the postulated fire is located either at the
location of the action or along the pathway. In most instances in is appropriate to alter the failurc
probabilities for these operator actions and set them to 1.0. This is uscful since this will allow
them to appear in the individual cutset results.

In the case of initiators, if the PRA model is being used to generate CCDP values, then the focus
should be on selecting a representative initiator that has an underlying fault tree structure that
will produce an accurate CCDP value. In most instances, this would be the general plant
transient initiating event. Exceptions are expected to occur if certain fire induced failures result
in a loss of coolant typc event. An example of this is a postulated spurious actuation of
Automatic Depressurization System (ADS) valves for a Boiling Water Reactor (BWR) plant, or
the inability to isolate the spurious opening of a pressurizer Power Opcrated Relief Valve
(PORY) for a Pressurizer Water Reactor (PWR) plant.
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The development of information to determine the sct of unavailable equipment given a
postulated fire event is usually taken primarily from the existing fire protection program data
sources. However, several cautions should be observed.

1. A fire protection program focuscs on demonstrating a single success path remains free of fire
damage. As such, there arc usually other available systems that are not credited and have not
been analyzced as part of a traditional, deterministic safe shutdown analysis. Typically, the
most important of thesc is offsite power. For most analyses, loss of decay heat removal will
be the dominant core damage sequence. Therefore, it is important to supplement the data set
with additional means of performing this function using the plant PRA for guidance.

2. The crediting of a system function not addressed in the fire protection program can be
accomplished by either inclusion or exclusion. Inclusion involves an approach where all of
the equipment and circuits required to support that function are included in the data sct and
explicitly treated in the analysis. Exclusion involves an approach where the system
components and circuits required to support the function are not known, but based on general
plant knowledge there is reasonable confidence it they are not present in the specific area
under consideration. For example, at most BWR plants, the Residual Heat Removal Pumps,
valves, and heat exchangers arc located in the Reactor Building on the opposite the turbine
building. PCS could be credited in most instances based on the exclusion approach.

3. There will likely be instances where components arc credited in the fire protection program
and modeled in the plant PRA. However, they may not nccessarily be considering the same
function. For example, the containment sump valves at a PWR plant arc likely treated only
in the closed position in the fire protection program while the PRA may treat them in the
open position in support of recirculation following primary bleed and feed. Care should be
taken to ensure that the functions are consistent. This consistency in credited function forms
the basis for integrating the associated cable relationships. Otherwise, supplemental cable
tracing may be required to identify required circuits.

4. Most plants have some typc of system for tracking cables and raceways in the plant. This
tracking system may be manual (drawings) or clectronic. In addition, a subsct of this data
may also be maintained in a separate tracking system satisfy the requirements of the fire
protection program. The idcal data relationship would provide the following:

a. Credited equipment and their location in terms of fire arca

b. Credited equipment and the associated set of cables required to support its
functioning

c. Cables and their associated raceway routing points

d. Raceway routing points and their location in terms of fire arca

At some plants, item d will not be available and the cables will be associated dircctly with the
fire arcas rather than individual raceways. While this is sufficient to support the fire
protection program, it creates a barrier to detailed fire scenario development. This is because
the data no longer allows the complete target set for a fire arca to be translated into specific
raceways for the fire modeling task. The lack of this data effectively introduces an imbedded
conservatism into the analysis. Instances where an adverse risk characterization occurs
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because of this conservatism should be evaluated further by developing the detailed spatial
information for the affected arca.

1.5.2.2 Fire Scenario Quantification

In most of the reference documents for performing a firc risk assessment, the calculation of CDF
is presented in the form of an equation with a variety of terms. While the various sources present
different representations of the equation, they all share a common underlying concept. The
cquations are basically composed of three types of parameters.

1. A bascline factor that represent the annual frequency of any fire occurring in the arca of
interest. This value should be taken from the existing plant Firc IPEEE (Fire PRA) and
updated as necessary to reflect plant-specific experience and industry experience data.

2. A frequency modification factor that reduces the baseline frequency so that it represents
only the single specific event, or group of events specifically under consideration. This
includes fire severity factors, fire suppression system performance, and other conditional
probability values such as spurious actuation.

3. A CCDP valuc which is the probability of corec damage given that the specific event or
group of events under consideration occurs. This value is obtained by propagating the
fire-induced failures through a PRA model.

While the presentation of these cquations suggests that the consideration of additional terms
would always tend to reduce the resultant CDF, the addition of each term requires the
consideration of a complementary case. For example, if a frequency modification terms is
applicd to treat the random failure of an automatic fire suppression system, a complementary
case must be considered to examine the case where suppression succeeds. Failure to treat these
complementary cases could result in the exclusion of a dominant risk sequence. The same
concept applies for scverity factor and fire induced spurious actuation cvents. A pictorial
representation of this treatment is referred to as an event tree. A sample cvent tree is shown in
Figure 1-2.

1.5.2.3 Fire PRA Results

The Fire PRA results that arc nceded to support the Change Evaluation are ACDF and ALERF.
j j
ACDF = ) CDF, - Y CDFy,
i=0

i=0

where: CDF, = CDF given the change for fire scenario i
CDF,, = CDF for the baseline configuration for scenario i

As described carlier, the second term in the equal can be set to zero to obtain conservative
results. This would eliminate the need to quantify results for the baseline case.

A similar equation is applicable for ALERF. However, LERF models may not be as readily
available. In addition, even if a model is available, it may not be necessary to quantify that
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model to conclude that the ALERF acceptance criterion is satisfied. This is discussed further in
Scction 4.4.2.
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Figure I-2 — Sample Event Tree

Initiator Severity Automatic Spurious Core Damage  Sequence Value
Factor Suppression Actuation Probability ID

925 CCDP, 1 7.4E-04 x CCDP,

.80
7.5E-02 CCDP, 2 6.0E-05 x CCDP,
1.0E-03 925 CCDP, 3 1.8E-04 x CCDP,

: .98

7.5E-02 CCDP, 4 1.5E-05 x CCDP;

.20
925 CCDP; 5 3.7E-06 x CCDP;

2.0E-02

7.5E-02 CCDP4 6 3.0E-07 x CCDP4

In the sample event tree it is assumed that the consequences of a non-severe fire are the same as a scvere fire if successful suppression
system actuation occurs. Therefore, sequence 1 and 3 have the same CCDP value. Similarly, sequences 2 and 4 have the same value.
Sequences 5 and 6 are expected to have higher values because of the greater extent of damage that would be expected to occur given
suppression failure. In addition, the CCDP value assuming a spurious actuation occurs is also expected to be higher as compared to
the casc where it does not.
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