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EXECUTIVE SUMMARY

NEI 00-01 was developed to provide a deterministic methodology for performing post-fire safe
shutdown analysis. In addition, NEI 00-01 includes information on risk-informed methods (when
allowed within a Plant’s License Basis) that may be used in conjunction with the deterministic
methods for resolving circuit failure issues related to Multiple Spurious Operations (MSOs). The
risk-informed method is intended for application by utilities to determine the risk significance of
identified circuit failure issues related to MSOs. The deterministic safe shutdown analysis
method described in Revision 0 of this document reflected practices in place for many years at a
wide cross-section of U.S. nuclear plants and widely accepted by NRC. These practices were
generally reflected in the plant’s licensing basis. In Revision 1, these deterministic methods were
revised to address insights gained from EPRI/NEI circuit failure testing and reflected in NRC’s
RIS 2004-03. While these insights do not change a plant’s licensing basis, they reflect the NRC’s
new emphasis on considering potential safety implications of MSOs. This emphasis on MSOs
became apparent as the NRC revised their inspection guidance to resume the inspection of
circuits in January 2005. The methods presented in Revision 1 were intended to support licensees
preparing for the resumed NRC circuit failure inspections.

In Revision 2 changes were made to document the Resolution Methodology presented by the
Industry to the NRC Staff for resolving the MSO lIssue subsequent to the rejection of the Staff’s
generic letter on MSOs by the Commission. The methodology in Revision 2 reflects insights
gained from, not only the EPRI/NEI Cable Fire Testing, but also the CAROLFIRE Cable Fire
Testing, the outcome of meetings with the NRC Staff and information provided within SECY
08-0093 and a draft revision to Regulatory Guide 1.189. These changes were made to address
NRC comments related to segregating those components necessary for post-fire hot shutdown
(“green box”, defined in 10CFR50, Appendix R, Section 111.G.1.a as one train of systems
necessary to achieve and maintain hot shutdown conditions) and those whose mal-operation
could provide a potential impact to post-fire safe shutdown (“orange box”, defined 10CFR50,
Appendix R, Section 111.G.1 as components important to safe-shutdown that could adversely
affect safe shutdown capability or cause mal-operation of safe shutdown systems). The
methodology contained in Revision 2 is one method of addressing post-fire safe shutdown and
the MSO Issue.

Revision 3 was issued to NRC for review in October of 2011. Changes were made to resolve
exceptions NRC took in their endorsement of Revision 2, and to clarify MSO scenarios in
Appendix G based on industry feedback. After submittal, however, NEI and NRC agreed that the
review should be suspended. Therefore, no formal NRC review of Revision 3 was performed.

Revision 4 of this document is issued to incorporate information from the NRC Research and
EPRI effort under JACQUE-FIRE Volume 3. The JACQUE-FIRE Volume 3 effort by NRC
Research and EPRI provided specific recommendations for addressing fire-induced circuit
failures in a deterministic post-fire safe shutdown analysis based on an analysis of the work
performed in JACQUE-FIRE Volumes 1 and 2. [Reference NUREG/CR 7150 Volume 1, 2 and
3.] Revisions to MSO Tables in Appendix G are identical to those shown in Rev 3. Section 5 on
Risk Methods has been eliminated since this section has not been endorsed by NRC and has not
been kept current. Appendices | and J, which are entirely new appendices, have been added.



This document neither changes nor supports any individual plant’s licensing basis. The
assumptions used in the licensing basis and the nature of any approvals the NRC may have
provided for these assumptions, are a plant-specific matter between each licensee and the NRC.

This methodology also contains information for application to circuit failures involving MSOs.
All MSO impacts should be placed in the plant Corrective Action Program with an appropriate
priority for action.

It is expected that plants adopting a new fire protection licensing basis using NFPA 805 will be
able to reference certain sections of NEI 00-01 as an acceptable method for addressing circuit
failure issues, including the MSO Issue. It is noted that plants adopting the NFPA 805 licensing
basis in accordance with NEI 04-02, Revision 1 utilized NEI 00-01 Revision 1 as part of the
review and confirmation process of the nuclear safety methodology review. NEI 00-01 Revision
1 Section 3 serves as the basis for nuclear safety methodology reviews performed in accordance
with NEI 04-02, Revision 1, Regulatory Guide 1.205, Revision 0, as supplemented by NFPA 805
Frequently Asked Question 07-0039, Revision 2 (ADAMS Accession No. ML082590466).
[Note: Technical agreement on this FAQ has been reached. The closure memo is dated
1/15/2010 and is contained in ML091320068.]
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GUIDANCE FOR POST FIRE SAFE SHUTDOWN CIRCUIT ANALYSIS

1 INTRODUCTION

For some time there has been a need for a comprehensive industry guidance document for the
performance of post-fire safe shutdown circuit analysis to implement existing fire protection
regulations. Such a document is needed to consistently apply the regulatory requirements for post-
fire safe shutdown analysis contained in 10 CFR 50.48 (Reference 7.4.1) and 10 CFR 50 Appendix
R (Reference 7.4.3), as well as to supplement the guidance currently available for NFPA-805.

From the standpoint of deterministic safe shutdown analysis, Generic Letter 86-10 (Reference
7.1.10) provided standardized answers to certain questions related to specific issues related to this
topic. The answers provided, however, did not comprehensively address the entire subject matter.
The lack of comprehensive guidance for post-fire safe shutdown analysis, in combination with the
numerous variations in the approach used by the architect engineers responsible for each plant
design, has resulted in wide variation in plant-specific approaches to deterministic post-fire safe
shutdown circuit analysis.

Some of these approaches are based on long-held industry interpretations of the NRC regulations
and guidance. In many cases, these interpretations were not documented in a manner that indicated
a clear NRC acceptance of the position. The Boiling Water Reactor Owners Group (BWROG)
developed a comprehensive document for BWRs to compile deterministic safe shutdown circuit
analysis practices based on existing regulatory requirements and guidance. That document,
developed in 1999, was adopted into NEI 00-01 with minor changes to address PWR-specific safe
shutdown analysis considerations. Neither the BWROG Document NEI 00-01 Revision 0 or 1
were endorsed by the NRC.

Changes were made in Revision 2 to provide an approach for addressing fire-induced multiple
spurious operations (MSQO’s). This revision of NEI 00-01 was endorsed in part by NRC in
Regulatory Guide 1.189 Revision 2. Despite this NRC endorsement, there were still a number of
open issues related to fire-induced circuit failures. The work performed by NRC Research and
EPRI and documented in NUREG/CR 7150 Volumes 1, 2 and 3 addressed a number of the gaps
remaining after NRC endorsement of NEI 00-01 Revision 2 in Regulatory Guide 1.189 Revision
2.

Revision 3 provided an update to the Generic Multiple Spurious Operations (MSOs) Lists in
Appendix G. The list changes are as a result of the initial assessment of Appendix G by the Expert
Panels at individual plants. The changes to the generic lists should be treated similar to other
operating experience (OE) issues following the same process as the initial list. After submittal,
however, NEI and NRC agreed that the review of Revision 3 should be suspended. Therefore, no
formal NRC review of Revision 3 was performed.

Revision 4 of NEI 00-01 includes the results of the work performed by NRC Research and EPRI
in NUREG/CR 7150 Volumes 1, 2 and 3. It also includes portions of the work previously
included in NEI 00-01 Revision 3. Section 5 on Risk Methods has been eliminated since this
section has not been endorsed by NRC and has not been kept current. Appendices | and J, which
are entirely new appendices, have been added. It is recommended that the changes included in
Revision 4 be reviewed by each licensee using their operating experience (OE) program for
impacts to their post-fire safe shutdown analysis.
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1.1 PURPOSE

The purpose of this document is to provide a consistent process for performing a post-fire safe
shutdown circuit analysis. Upon subsequent acceptance of this document by NRC in a revision to
Regulatory Guide 1.189, it will represent one acceptable means of performing a post-fire safe
shutdown analysis. Refer to Regulatory Guide 1.189 to determine the specific sections of this
document that have NRC endorsement and to determine if NRC has taken any exceptions to the
information contained in this document.

Issuance of NEI 00-01 Revision 4 or endorsement of it in a revision to a Regulatory Guide does
not re-define or alter any plant’s licensing basis. A plant’s licensing basis is defined in its FSAR.
A plant’s licensing basis could be modified if a plant chooses to adopt the NRC endorsed revision
of NEI 00-01 and to include it in their FSAR. A plant’s licensing basis could also be modified if
the NRC issues rulemaking that requires compliance with the criteria outlined in the endorsed
revision of NEI 00-01. The guidance provided in this document addresses differences and
uncertainties in licensing basis assumptions about circuit failures that have been the subject of
debate between the NRC and Industry. It also provides a method for the resolution of the
differences between the NRC and the industry related to fire-induced circuit failures resulting in
MSOs.

This document provides deterministic methods for addressing potential fire-induced circuit failure
issues, either within or beyond the existing plant’s licensing basis, as determined by each licensee
using their currently approved licensing basis for Fire Protection and Post-Fire Safe Shutdown.
The deterministic method is provided for analyzing and resolving circuit failure issues. Methods
are provided to (1) select circuits and appropriate combinations thereof for the analysis of MSOs
(note: the terms spurious actuation and spurious operation are considered synonymous. The term
“spurious operation” is used in this document for consistency), and (2) determine the risk
significance of identified circuit failure combinations (MSOs). While the selection of circuit failure
combinations, MSQOs, has not traditionally been included in plant circuit analysis methods to date,
it is appropriate to consider such combinations in the light of the results of recent fire-induced
cable failure testing, EPRI/NEI, CAROLFIRE and DESIREE. The Resolution Methodology for
MSOs included in this document will assist the licensee in determining whether potentially risk-
significant interactions could impact safe shutdown, but this Resolution Methodology does not
change the plant licensing basis. When an individual licensee’s licensing basis is either unclear or
silent on the need to or method for addressing MSOs, the Resolution Methodology provides an
industry consensus approach for addressing the issue. Each licensee must be prepared to defend
the integrity of their licensing basis relative to any actions taken to classify conditions relative to
the resolution of the MSO issue as not being part of the current licensing basis.

The methods in this document do not require the systematic re-evaluation of a plant’s post-fire
safe shutdown circuit analysis. A decision to perform such a systematic re-evaluation is entirely a
licensee decision that may be based on NRC inspection findings, licensee self-assessment results,
or industry experience. Neither do these methods take precedence over specific requirements
accepted by the NRC in a plant’s post-fire safe shutdown analysis.

10
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1.2 BACKGROUND

Reviewing past fire events can substantiate the uncertainty associated with the behavior of actual
plant fires. On March 22, 1975, the Browns Ferry Nuclear Power Plant had the worst fire ever to
occur in a commercial nuclear power plant operating in the United States. (Reference U.S.
Nuclear Regulatory Commission (NRC) Inspection and Enforcement (IE) Bulletin Nos. 50-
259/75 and 50-260/75-1, dated 2/25/75.) The Special Review Group that investigated the Browns
Ferry fire made two recommendations pertaining to assuring that the effectiveness of the fire
protection programs at operating nuclear power plants conform to General Design Criterion
(GDC) 3.

e The NRC should develop specific guidance for implementing GDC 3.

e The NRC should review the fire protection program at each operating plant, comparing the
program to the specific guidance developed for implementing GDC 3.

In response to the first recommendation, the NRC staff developed Branch Technical Position
(BTP) Auxiliary Power Conversion Systems Branch (APCSB) 9.5-1, “Guidance for Fire
Protection for Nuclear Power Plants,” May 1, 1976; and Appendix A to BTP APCSB 9.5-1,
“Guidelines for Fire Protection for Nuclear Power Plants Docketed Prior to July 1, 1976,"
August 23, 1976. The guidance in these documents focused on the elements of fire protection
defense-in-depth (DID): (1) prevention; (2) mitigation through the use of detection and
suppression (automatic and manual); (3) passive protection of structures, systems and
components (SSCs) important to safety and post-fire safe shutdown. [Note: Other revisions to
these documents also exist.]

In response to the second recommendation, each operating plant compared its fire protection
program with the guidelines of either BTP APCSB 9.5-1 or Appendix A to BTP APCSB 9.5-1.
The staff reviewed the fire protection programs for compliance with the guidance. [Note: Some
licensee’s may have been reviewed to other revisions of these documents. For details refer to
each licensee’s current licensing basis.]

The guidance in BTP APCSB 9.5-1 and Appendix A to BTP APCSB 9.5-1, however, did not
provide sufficiently specific guidance for performing post-fire safe shutdown analysis. Also,
independent testing sponsored by the NRC indicated that some of the separation concepts
proposed by licensees under the BTP, such as coating intervening cable trays with fire retardant
coatings, would not provide sufficient protection in the event of a severe fire. Thirdly, some
licensees did not implement aspects of the BTP that the NRC Staff considered essential in order
to achieve adequate protection. To address these issue and to provide the necessary guidance, the
NRC issued 10 CFR 50.48, “Fire Protection,” and Appendix R, “Fire Protection Program for
Nuclear Power Facilities Operating Prior to January 1, 1979,” to 10 CFR Part 50 (45 FR 36082).
The NRC published in the Federal Register (45 FR 76602) the final fire protection rule (10 CFR
50.48) and Appendix R to 10 CFR Part 50 on November 19, 1980. The Appendix R Regulation
required compliance with sections I11.G, 111.J, and 111.0 for all plants licensed to operate before
January 1, 1979, and also required individual licensees to comply with other lettered sections,
based on the status of their outstanding items under the BTP review, as reflected by NRC
correspondence to the individual licensees. Section 111.G.2 of Appendix R reflected the results of

11
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the NRC's independent cable tray fire testing program, overriding any previous approvals the
NRC may have granted regarding the protection of cables with fire retardant coatings.

This regulation applies to plants licensed to operate prior to January 1, 1979. For plants licensed
to operate after January 1, 1979, the NRC staff, in most cases, required compliance with
Appendix A to BTP APCSB 9.5-1 and Sections I11.G, J & O of Appendix R. For these licensees,
the sections of Appendix R apply to the plant as a licensing commitment, rather than as a legal
requirement imposed by the code of federal regulations. Some other licensees provided
comparisons to the guidelines of Section 9.5-1, “Fire Protection Program,” of NUREG-0800,
“Standard Review Plan,” which incorporated the guidance of Appendix A to BTP APCSB 9.51
and the criteria of Appendix R, or BTP CMEB 9.5-1. Additionally, some plants had aspects of
their programs reviewed to the criteria contained in Draft Regulatory Guide 1.120 Revision 1
(“Fire Protection Guidelines for Nuclear Power Plants,” November 1977), which primarily
reflected the content of BTP APCSB 9.5-1 Revision 1. Therefore, even though fire protection
programs can be essentially equivalent from plant to plant, the licensing basis upon which these
programs are founded can be very different. Most plants licensed after January 1, 1979 have also
been granted by the NRC a standard fire protection license condition allowing them to self-
approve and make changes to their NRC approved fire protection program provided such
changes do not adversely affect the ability to achieve and maintain safe shutdown in the event of
a fire. Therefore, even for plants with a common regulatory basis traceable back to one of the
regulations and/or guidance listed above, the details of implementing the fire protection program
can be different.

The plant design changes required for passive and active fire protection features and
administrative controls required by the regulations discussed were fairly specific. These changes
have been implemented throughout the industry. These changes have been effective in
preventing a recurrence of a fire event of the severity experienced at Browns Ferry; have
increased the likelihood that a fire will be detected rapidly and extinguished; and have reduced
the potential consequences of a fire (see Appendix A for a brief history of the Browns Ferry fire
and a description of the fire protection improvements for nuclear plants since the Browns Ferry
fire).

To clarify the regulations, the NRC staff has issued numerous guidance documents in the form of
Regulatory Guides, memorandums, Regulatory Issue Summaries, Generic Letters and
Information Notices. These documents provide insights as to the NRC staff’s interpretation of
the regulations, their views on acceptable methods for complying with the regulations, and
clarification of the requirements for performing a post-fire safe shutdown analysis.

1.3 OVERVIEW OF POST FIRE SAFE SHUTDOWN ANALYSIS

A fire in an operating nuclear power plant is a potentially serious event. In general, the likelihood
of a large fire with the potential to damage plant equipment needed for post-fire safe shutdown is
considered to be small. The expected fire would be contained in a single electrical panel or a
localized portion of one room or area. Typical plant design segregates important cables and
equipment from threats such as missiles, flooding, and significant fire sources. The expected
plant response to this type of event would be to maintain continued operation and to dispatch the
plant fire brigade to extinguish the fire.

12
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Despite this, the consequences of an event that damages plant equipment needed for post-fire
safe shutdown can be significant. The concern is an “exposure fire,” capable of damaging
multiple trains of Safe Shutdown Component’s (SSC’s), despite the existing physical separation
provided by criteria such as Regulatory Guide 1.75. The Browns Ferry fire resulted in damage to
plant equipment needed for safe shutdown. Although safe shutdown of the Browns Ferry unit
was ultimately accomplished, the event was of sufficient significance to warrant major changes
in fire protection design features of a nuclear power plant. Appendix A to this document provides
a description of the improvements made in the fire protection design of nuclear power plants in
response to the Browns Ferry fire event.

In addition to plants making changes to the fire protection design features, the extended response
to the Brown’s Ferry fire also placed increased attention on identifying those systems and
equipment needed for the post-fire safe shutdown of each unit. A safe plant design is achieved by
identifying the systems and equipment needed for post-fire safe shutdown in each area of the
plant; making conservative assumptions regarding the extent of fire damage; and assuring
adequate separation of the redundant safe shutdown trains or protection of an
alternative/dedicated shutdown train. When applied to the fire protection program of a nuclear
power plant, these aspects of post-fire safe shutdown design, in combination with the other
changes made in the design of the plant fire protection programs in response to the Browns Ferry
fire, provide reasonable assurance that a plant fire will not prevent safe plant shutdown.

The goal of post-fire safe shutdown is to assure that a single fire in any plant fire area will not
result in any fuel cladding damage, rupture of the primary coolant boundary or rupture of the
primary containment. This goal serves to prevent an unacceptable radiological release as a result
of the fire. This goal is accomplished by assuring, in accordance with NRC Regulatory
requirements, the following deterministic criteria are satisfied for a single fire in any plant fire
area:

One safe shutdown path necessary to achieve and maintain hot shutdown is free of fire damage.
The set of components necessary to achieve and maintain post-fire hot shutdown is referred to
throughout this document as the “required for hot shutdown”.

Potential fire-related impacts to components with the potential to mal-operate and adversely
impact the ability of the safe shutdown path described above to perform its post-fire safe
shutdown functions are prevented or can be adequately mitigated. The set of components whose
mal-operation could impact the components on the required safe shutdown path in a particular
fire area are referred to throughout this document as “important to safe shutdown”.

Repairs to systems and equipment required to achieve and maintain cold shutdown can be
accomplished within the required time frame.

Any operator manual actions required to support achieving either hot or cold shutdown are
identified and meet the applicable regulatory acceptance requirements.

The deterministic methods in Section 3 integrate the requirements and interpretations related to
post-fire safe shutdown into a single location, and assure that these criteria are satisfied. These
methods:

13
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Identify the systems, equipment and cables required to support the operation of each safe
shutdown path.

Identify the equipment and cables whose spurious operation could adversely impact the ability of
these safe shutdown paths to perform their required safe shutdown function.

Provide techniques to mitigate the effects of fire damage to components on or affecting the
required safe shutdown path in each fire area.

Using these methods and the information in the appendices referenced in Section 3 to perform
the post-fire safe shutdown analysis will provide an acceptable level of safety resulting in a safe
plant design. These methods are consistent with the fire protection defense-in-depth concept that
addresses uncertainties associated with the actual behavior of fires in a nuclear power plant.
Post-fire safe shutdown is one part of each plant’s overall defense-in-depth fire protection
program.

The information contained in Sections 4 is provided for use in resolving the longstanding issues
of MSOs. Using the Resolution Methodology described in these Sections and in the appendices
referenced within Sections 4 is one way for a licensee to address the MSO issue.

1.3.1 General Methodology Description

The deterministic methodology described in this document is intended to provide an
acceptable method of performing a post-fire safe shutdown circuit analysis to address the
current regulatory requirements and to resolve the outstanding areas of disagreement
between NRC and Industry. The Resolution Methodology for MSOs described in this
document is intended to provide a method for addressing MSOs that is acceptable to
NRC. The deterministic approach to performing a post-fire safe shutdown analysis is
contained in Sections 1, 2 and 3. Certain aspects of the deterministic approach, such as
Alternate or Dedicated Shutdown under 111.G.3/111.L and High/Low Pressure Interface
Components have criteria slightly different from the methodology outlined in Sections 1,
2 and 3. In an effort to provide as much clarity as possible and to not confuse the user
with numerous exception statements, the criteria differences for these topics have been
addressed in appendices. High/Low Pressure Interfaces have been addressed in Appendix
C. [Note: Information contained in Appendix J, Use of PIRT Information, changes some
of the information in Appendix C on High/Low Pressure Interfaces. Appendix C,
however, is being maintained as the basis document for those licensee where High/Low
Pressure Interfaces still remain in their licensing basis.] Alternate and Dedicated
Shutdown has been in Appendix D. Appendix E provides guidance for evaluating the
acceptability of operator manual actions. In an effort to clarify which fire-induced
component impacts may be allowed to use operator manual actions, Appendix H has been
added. [Note: Operator Manual Actions, meeting the guidance in Appendix E, may be
used for components classified as “important to safe shutdown”. The use of Operator
Manual Actions for components classified as “required for hot shutdown”, in general,
require pre-approval by NRC.] Appendix H provides guidance related to classifying
components as either required for hot shutdown or important to safe shutdown. Appendix
H is to be used in conjunction with Section 3 in making these classifications.
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Additionally, Appendix H is to be used to determine whether flow diversion valves
affecting the required for hot shutdown systems, which are initially classified as required
for hot shutdown, can be re-classified as important to safe shutdown based on more
detailed analysis. Appendix | has been added to provide design considerations applicable
to the use of shorting switches. Appendix J has been added to clarify the final positions
of JACQUE-FIRE Volume 1, 2 and 3 on fire-induced circuit failures.

The Resolution Methodology for addressing MSOs, which addresses a longstanding issue
between the Industry and the NRC, is contained in Section 4, Appendix B and J,
Appendix F and Appendices G-1 and G-2.

Deterministic Method

When using the deterministic methodology described in Section 3 of this document, a
basic assumption of the methodology is that there will be fire damage to systems and
equipment located within a common fire area. The size and intensity of the fire required
to cause this type of system and equipment damage is not determined. Rather, fire
damage is assumed to occur regardless of the level of combustibles in the area, the
ignition temperatures of any combustible materials, the lack of an ignition source or the
presence of automatic or manual fire suppression and detection capability. Fire damage is
also postulated for all cables and equipment in the fire area that may be used for safe
shutdown, even though many plant fire areas do not contain sufficient fire hazards for
this to occur.

It is with this basic and conservative assumption regarding fire damage that the use of the
Section 3 methodology begins. The methodology progresses by providing guidance on
selecting systems and equipment needed for post-fire safe shutdown, on identifying the
circuits of concern relative to these systems and equipment and on mitigating each fire-
induced effect to the systems, equipment and circuits for the required safe shutdown path
in each fire area. As a part of the mitigating strategy for each of the fire-induced effects,
the analysis of specific fire protection features and their effects on preventing damage to
specific safe shutdown circuits or components may be performed. These analyses are
typically documented in exemption requests, deviations requests, 86-10 evaluations or
engineering analysis, as dictated by a licensee’s CLB. Additionally, fire modeling, as
described in Section 4, may be used to assess whether or not a particular fire in a
particular location presents a potential impact to circuits for safe shutdown components
classified as important to safe shutdown. This methodology represents a comprehensive
and safe approach for assuring that an operating plant can be safely shut down in the
event of a single fire in any plant fire area.

To address the MSO issue, consideration is given to the MSO List in Appendix G and the
circuit failure criteria contained in Appendix B and J. The circuit failure criteria
contained in Appendix B and J, along with the implementation examples provided in
Section 3.5, is intended for use with the MSO List in Appendix G and the MSO
Resolution Methodology described in Section 4. Using the Resolution Methodology
described in Section 4, a licensee can determine the potential fire-induced MSO impacts
applicable to its facility. These potential fire-induced impacts can then be dispositioned
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using the deterministic methods described in Section 3. In addressing MSOs, the
conservative assumptions discussed above for the Section 3 analysis are not necessarily
applied, (e.g., fire modeling or risk assessment may be an acceptable resolution
approach). The mitigating techniques available for use with any particular MSO is a
function of whether that MSO is classified as being comprised of required for hot
shutdown components or important to safe shutdown components. Refer to Section 3 and
Appendix H for a description of the criteria to be used to classify components as either
required for hot shutdown or important to safe shutdown components. Additionally, the
MSO’s listed in Appendix G are to be evaluated separately. Other than the cases
described in Section 4, and as limited in Section 3.5, involving an evaluation by the
Expert Panel of the need to combine MSQ'’s, there is no need to evaluate for the
combined effect of multiple MSOs. The potential effect of each MSO on post-fire safe
shutdown is to be evaluated individually.

In performing a deterministic post-fire safe shutdown analysis, the analyst must be
cautious not to improperly apply the conservative assumptions described above. For
example, one cannot rule out fire damage to unprotected circuits in a given fire area. This
assumption is conservative only in terms of not being able to credit the systems and
equipment associated with these circuits in support of post-fire safe shutdown. If the
analyst, however, were to assume that these circuits were to be damaged by the fire when
this provided an analytical advantage, this would be non-conservative. For example,
assuming that fire damage results in a loss of offsite power may be non-conservative in
terms of heat load assumptions used in an analysis to determine the need for room
cooling systems for the 72-hour fire coping period.

The methodology for performing deterministic post-fire safe shutdown analysis is
depicted in Figure 1-1. The specific steps are summarized in Sections 1.3.2.1 through
1.3.2.6, and discussed in depth in Section 3. The criteria for determining whether a
component is a required for hot shutdown or important to safe shutdown component is
contained in Section 3 and supplemented by Appendix H.

1.3.2.1 Safe Shutdown Function lIdentification

The goal of post-fire safe shutdown is to assure that a single fire in any single
plant fire area will not result in any fuel cladding damage, rupture of the primary
coolant boundary or rupture of the primary containment. This goal is
accomplished by determining those functions important to safely shutting down
the reactor and assuring that systems with the capability to perform these
functions are not adversely impacted by a single fire in any plant fire area. The
safe shutdown functions important to the plant are: (1) reactivity control; (2)
pressure control; (3) inventory control; and (4) decay heat removal. To
accomplish the required safe shutdown functions, certain support system
functions (e.g., electrical power, ventilation) and process monitoring capability
(e.q., reactor level, pressure indication) are also required.

In addition, the analyst must assure that fire-induced spurious operations do not
occur that can prevent equipment in the required safe shutdown path from
performing its intended safe shutdown function. Examples of spurious operations
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that present a potential concern for the safe shutdown functions described above
are those that can cause a: (1) loss of inventory in excess of the makeup
capability; (2) flow diversion or a flow blockage in the safe shutdown systems
being used to accomplish the inventory control function; (3) flow diversion or a
flow blockage in the safe shutdown systems being used to accomplish the decay
heat removal function.

[BWR] Although an inadvertent reactor vessel overfill condition is not a safe
shutdown function listed above, the NRC has identified this as a concern. The
acceptability of the current design features of the BWR to mitigate the effects of
an inadvertent reactor vessel overfill condition as a result of either a fire or
equipment failure has been addressed by the BWROG in GE Report No. EDE
07—390 dated April 2, 1990, in response to NRC Generic Letter 89-19. The NRC
subsequently accepted the BWROG position in a Safety Evaluation dated June 9,
1994. Despite this, some of the MSOs listed in Appendix G for BWRs relate to an
inadvertent reactor vessel overfill. These will be addressed as a part of the MSO
review.

When performing a post-fire safe shutdown analysis, the decision as to whether to
include specific components on the post-fire safe shutdown component list may
be made by the use of thermal-hydraulic/transient analysis. If by use of a thermal-
hydraulic/transient analysis, the worst-case failure of the component can be
demonstrated to have no impact on the ability to achieve and maintain post-fire
hot shutdown, then the component need not be included on the post-fire safe
shutdown component list and it need not be included in the post-fire safe
shutdown analysis. The same is true of evaluations performed to address the
MSOs contained in Appendix G to this document. When performing thermal-
hydraulic/transient analysis in support of post-fire safe shutdown impacts
determinations, the criteria contained in Appendix H should be applied.

! Licensing Citation: Brown’s Ferry SER dated November 2, 1995 Section 3.7.3 third paragraph. Monticello
Inspection report dated December 3, 1986 paragraph (2) page 16.
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Therefore, thermal-hydraulic/transient analysis is an acceptable basis for excluding plant
components from consideration in the post-fire safe shutdown analysis. Similarly, thermal-
hydraulic/transient analysis is an acceptable basis for excluding a particular MSO from further
consideration in a plant post-fire safe shutdown analysis. Finally, thermal-hydraulic/transient
analysis coupled with a generic operator manual action(s) meeting all of the requirements of this
document can be an acceptable way of addressing a potential impact to post-fire safe shutdown
without including all of the affected cabling for a component or set of components into the post-
fire safe shutdown analysis.
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Figure 1-1, Deterministic Post-Fire Safe
Shutdown Overview
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1.3.2.2 Safe Shutdown System and Path Identification

Using the safe shutdown functions described above, the analyst identifies a
system or combination of systems with the ability to perform each of these
shutdown functions. The systems are combined to form safe shutdown paths.

1.3.2.3 Safe Shutdown Equipment Identification

Using the safe shutdown path, the analyst identifies the mechanical equipment
required for the operation of the system and the equipment whose spurious
operation could affect the performance of the safe shutdown systems. Equipment
that is required for the operation of a safe shutdown system for a particular safe
shutdown path is related to that path (and is designated as a required hot shutdown
component).

From a review of the associated P&IDs, the equipment that could spuriously
operate as a result of fire-induced circuit damage and result in a flow blockage, a
flow diversion (e.g., inventory makeup capability), loss of pressure control (due to
overfeeding, excessive steam leakage, etc.), with the potential to impact the
systems performing the required for hot shutdown functions, is identified.
Similarly, this equipment is related to the particular safe shutdown path that it can
affect. These components are classified as important to safe shutdown, unless they
represent a potential flow diversion from the flow path for any system performing
a required for hot shutdown function. Flow diversion components from the flow
path for any system being used to perform a required for hot shutdown function
are initially classified as required for hot shutdown. They may be re-classified as
important to safe shutdown based on further analysis using the criteria in
Appendix H.

Using the criteria in Section 3 and Appendix H, the analyst classifies the
components identified above either as required for hot shutdown component or as
an important to SSD component.

Classifying components as required for hot shutdown is done by reviewing the
P&IDs and determining which components on the flow path are required to
perform the required safe shutdown functions, (e.g., suction valve , pump,
injection valve). Refer to Section 3 and Appendix H for additional discussion on
classifying components as either required for hot shutdown or important to safe
shutdown.

Once a component is classified as required for hot shutdown in a particular fire
area, it and its required circuitry, (i.e., those circuits required for the operation of
the component), must be protected from the effects of fires. If such protection is
not feasible, then a different set of required for hot shutdown components may
need to be selected until a set is found that can be assured to be free of fire
damage in the fire area under consideration. The safe shutdown path for each fire
area is comprised of the set of components classified as required for hot
shutdown, (i.e., those that perform the required for hot shutdown functions), and
the set of components classified as important to safe shutdown, (i.e., those whose
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failure or spurious operation could potentially impact the required for hot
shutdown components). If it is determined that protection of at least one safe
shutdown path from the effects of fire is not possible, then alternative or dedicated
shutdown capability may be used in accordance with Appendix R Section 111.G.3
(see Appendix D for details for alternative or dedicated shutdown capability).
Components used for alternative or dedicated shutdown under Appendix R
Section 111.G.3 are not classified as either required for hot shutdown or important
to safe shutdown.

The required safe shutdown path for any particular fire area is comprised of
required for hot shutdown and important to SSD components. The classification
for a particular component in regards to being either a required for hot shutdown
or an important to SSD component can vary from fire area to fire area. Refer to
Section 3 and Appendix H for additional details.

The analyst reviews the P&IDs for the systems physically connected to the reactor
vessel to determine the equipment that can result in a loss of reactor inventory in
excess of make-up capability. This includes a special class of valves known as
“high/low pressure interfaces.” Refer to Appendix C for a discussion of high/low
pressure interface valves. Equipment in this category is typically related to all safe
shutdown paths, since a loss of reactor vessel inventory with an interfacing
system LOCA outside of Containment would be a concern for any safe shutdown
path. Refer to Appendix J for additional information on spurious operation of the
power cables for High/Low Pressure Interface Valves.

1.3.2.4 Safe Shutdown Cable Identification

Using the electrical schematic drawings for the equipment identified above, the
analyst identifies all the cables required for the proper operation of the safe
shutdown equipment. This will include, in addition to the cables that are
physically connected to the equipment, any cables interlocked to the primary
electrical circuit schematic through secondary circuit schematics. The cables
identified are related to the same safe shutdown path as the equipment they
support.

While reviewing the electrical schematics for the equipment, the analyst identifies
the safe shutdown equipment from the electrical distribution system (EDS). The
EDS equipment (bus) for the safe shutdown path is associated with the equipment
that it powers. All upstream busses are identified and similarly related to the safe
shutdown path. In addition, all power cables associated with each bus in the EDS
are identified and related to the same safe shutdown path as the EDS equipment.
This information is required to support the Breaker Coordination Analysis.

1.3.2.5 Safe Shutdown Circuit Analysis

Using information on the physical routing of the required cables and the physical
locations of all safe shutdown equipment, the analyst determines equipment and
cable impacts for each safe shutdown path in each plant fire area. Based on the
number and types of impacts to these paths, each fire area is assigned a required
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safe shutdown path(s). Initially, it is assumed that any cables related to a required
safe shutdown component in a given fire area will cause the component to fail in
the worst-case position (i.e., if the safe shutdown position of a valve is closed, the
valve is assumed to open if the required cable is routed in the fire area).

If necessary, a detailed analysis of the cable for the specific effect of the fire on
that safe shutdown path is performed. This is accomplished by reviewing each
conductor in each of these cables for the effects of a hot short, a short-to-ground
or an open circuit (test results indicate that open circuits are not the initial fire-
induced failure mode) and determining the impact on the required safe shutdown
component. The impact is assessed in terms of the effect on the safe shutdown
system, the safe shutdown path, the safe shutdown functions and the goal for post-
fire safe shutdown. Refer to Appendix I for a discussion of the considerations
appropriate to addressing open circuits when using a “shorting switch” as a
mitigation measure for fire-induced circuit failures.

1.3.2.6 Safe Shutdown Equipment Impacts

Using the process described above, the analyst identifies the potential impacts to
safe shutdown equipment, systems, paths, and functions relied upon in each fire
area, and then mitigates the effects on safe shutdown for each safe shutdown
component impacted by the fire. The mitigating techniques must meet the
regulations. For example, for required for hot shutdown components the
mitigating techniques listed in Figure 1-1 for required hot shutdown components
apply. For required for hot shutdown components, unless the available options of
re-designing the systems and/or re-designing/re-routing the affected circuits and
processing Exemption Requests, License Amendment Requests (LARS) or
Deviation Request, the protection schemes of Appendix R Section 111.G.2 must be
applied. If the component, however, is classified as an important to SSD
component, mitigating tools in addition to those available for required safe
shutdown components may be credited as an alternate to those available for
required for safe shutdown components. Refer to Figure 1-1, Section 3 and
Appendix H for additional details. One of the mitigating tools for an important to
SSD circuit component is the use of an operator manual action. If an operator
manual action is relied upon as the mitigating tool, then it must meet the
regulatory acceptance criteria related to operator manual actions. Refer to
Appendix E for additional information related to the regulatory acceptance criteria
for operator manual actions.

Another mitigation tool is the use of “shorting switch”. Refer to Appendix | for a
description of the considerations that need to be addressed when designing a
“shorting switch”.

The process of identifying and mitigating impacts to the required safe shutdown
path(s) described above is explained in more detail throughout this document.
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1.3.2.7 Risk Significance Methods

The Resolution Methodology for determining the Plant Specific List of MSOs is
contained in Section 4. Refer to Section 4 for additional details. The method
details both the determination of applicable plant-specific MSOs and the
disposition/mitigation of the MSOs using either deterministic methods, Fire
Modeling or risk (e.g., Focused Scope Fire PRA) methods. A licensee’s ability to
use risk methods is a function of their approved Licensing Basis.
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2 APPENDIX R REQUIREMENTS AND CONSIDERATIONS

This section provides a general overview of the Appendix R regulatory requirements including
the criteria for classifying the various shutdown methods. It describes the distinctions between
redundant, alternative and dedicated shutdown capabilities and provides guidance for
implementing these shutdown methods. In addition, the considerations dealing with a loss of
offsite power and associated circuits are also discussed. Refer to Figure 2-1.

2.1 REGULATORY REQUIREMENTS

10 CFR 50 Appendix A, General Design Criterion 3 establishes the overarching goals of NRC's
fire protection requirements.

Criterion 3 -- Fire Protection. Structures, systems, and components important to safety shall be
designed and located to minimize, consistent with other safety requirements, the probability and
effect of fires and explosions. Noncombustible and heat resistant materials shall be used
wherever practical throughout the unit, particularly in locations such as the containment and
control room. Fire detection and fighting systems of appropriate capacity and capabi<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>