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Dear Mr. Grobe:

In SRM-SECY-06-0196 ("Issuance Of Generic Letter 2006-XX, 'Post-Fire Safe-Shutdown Circuits
Analysis Spurious Actuations") the Commission directed the Staff to work with stakeholders to

develop or endorse guidelines that provide a clearly defined method of compliance for licensees who
do not choose to utilize the risk-informed approach contained in 10 CFR 50.48(c). To that end, we
met with the NRC several times this year in an attempt to reach mutual agreement on an approach
we are developing to address this issue. An initial version of our approach has been completed and
included in a proposed revision to NEI 00-01, "Guidance for Post-Fire Safe-Shutdown Circuit
Analysis". A draft of this document, which was endorsed in part by the NRC in an earlier revision, is

enclosed for your review.

Industry Method

The industry method is outlined in the enclosed flowchart (Enclosure 1). Our approach can be

summarized as follows:

A draft generic list of multiple spurious circuit operations (MSOs) that challenge safe-shutdown
will be developed by the NSSS Owners Groups (OGs). This list consists of a number of

combinations of multiple component functional failures that could each challenge safe-shutdown.
The list will be based on licensee input from safe shutdown analysis, fire protection program self
assessments, NRC inspections and PRA results.

" The draft MSO list will be evaluated by the NSSS OGs to determine which entries can be
generically excluded'based on general design considerations. The NSSS OGs will forward the
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resulting generic list of MSOs and the information developed during the NSSS OG review to each

licensee.

Each licensee will use an expert panel to review the generic MSOlist and add or delete to it as

appropriate to make the MSO list plant specific. All the reviews to this point will be done
deterministically using design and as-built plant information.

The plant specific MSO list will be dispositioned by one of the following methods:

o Ensuring that deterministic fire protection requirements are met
o Performing plant modifications to establish adequate separation

o Completing fire modeling to show that fire will not affect the protected safe-

shutdown train
o Completing a focused scope PRA to show that the risk associated with a specific MSO

is not significant

" The basis for acceptance will be documented.

" Appropriate licensing activities (license amendment or exemption if necessary) will be undertaken

to ensure the licensing basis is properly managed and NRC approval is obtained if necessary.

NRC Feedback
We have interpreted the Staff's feedback on our methodology as generally positive except for

concern with its use of risk methods (focused scope PRA). We believe that our methodology is an
acceptable technical approach to resolution of the multiple spurious issue and respectfully disagree
with the Staff on the acceptability of our risk methods under the current regulations. We offer the
following bases for our position:

Current regulations do not require that post-fire safe-shutdown analyses assume multiple

spurious operations. GDC-3, 10CFR50.48 and Appendix R establish a number of requirements for
fire protection programs and fire prevention and suppression methods, but they do not

specifically address the circuit analysis methods that must be used to analyze for safe-shutdown.
The need to evaluate single spurious operation or multiple spurious operations has always been a

matter of interpretation. In fact, many plant licensing bases include documented evidence that

single spurious methods were used to evaluate for safe-shutdown in the event of a fire, and in.

some cases NRC has specifically stated in SERs and other correspondence that this approach
complies with the regulation. Because licensees are in compliance with their current licensing

basis, the methods used by them to evaluate multiple spurious operations should not be a

compliance issue.

* Even assuming that multiple spurious operations must be evaluated under the current

regulations, the regulations (with the exception of 10CFR50.48(c) which is voluntary) are not

specific on whether risk informed or deterministic methods can be used to evaluate safe-
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shutdown. Therefore, the use of risk methods should be acceptable whether or not a plant
commits to meet 10CFR50.48(c) and no exemption to the regulations should be necessary to use
such methods. There is evidence that the Staff .has agreed with this interpretation in the past.
Specifically the Statements of Consideration that accompanied the publication of 10CFR50.48(c)
contain the following question and answer in the Federal Register notice (69FR33544):

"Use of NFPA 805 Methods by Other Licensees"
"A commenter stated that licensees who do not adopt NFPA 805 should not
be precluded from using risk tools from NFPA-805."

"The NRC agrees with the comment. However, licensees not adopting NFPA
805 in accordance with the final rule are not covered by the provisions for
transitioning to NFPA-805. Such licensees who wish to use the risk tools in
NFPA 805 will need to separately determine if their existing licensing basis
would permit the use of such tools, and take appropriate action as necessary
to change their licensing basis."

Licensing basis changes are associated with license amendment requests, not exemptions.
Industry agrees that the appropriate licensing activities must be completed for MSO resolutions
requiring this action.

" The use of focused scope PRA is consistent with the Commission's Policy Statement on use of

PRA (60FR42622). This policy states in part:

"(1) The use of PRA technology should be increased in all regulatory
matters to the extent supported by the state-of-the-art in PRA methods and
data and in a manner that compliments the NRC's deterministic approach
and supports the NRC's traditional defense in depth philosophy."

In fact risk insights and methods are used frequently in licensing activities in other technical areas

and in other fire protection licensing activities (exemptions). We do not believe that the use of
risk methods in evaluating multiple spurious operations should be treated differently.

" Since the industry method will require some means of resolution (fire modeling or deterministic)

for risk significant MSOs, the only MSOs that will be dispositioned through a risk argument are
those that are not risk significant. A method that does not allow the use of risk to disposition
non-risk-significant MSOs could result in the following unintended consequences:

o If manual actions or some other means of compensatory action is undertaken to
address the MSO, the effect may be to increase the overall risk for the plant.

o If plant modifications are used to address the situation, the licensee may be forced
to implement costly modifications to resolve an issue with negligible risk significance.
This may divert resources from more safety-significant applications.
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Conclusions
The Commission has directed the Staff to encourage licensees to adopt NFPA-805 and
10CFR50.48(c). For those that do, the Staff has not contested use of risk to address MSOs.

However, for a number of reasons many licensees are not yet, and may never be, willing to adopt
10CFR50.48(c). For those that do not, the industry's methodology provides a technically sound way

to address and resolve the MSO issue. We request that the Staff change its interpretation on the
use of risk in this application and review our draft document on its technical merits. Resolution of
this issue is long overdue.

One final point; we understand that the Staff is concerned that approval of a MSO methodology may

affect a licensee's decision to transition to NFPA-805. We will study this question and address it in
later correspondence.

We appreciate your review of our document and look forward to meeting with the Staff to address

any comments. If you have any questions on this matter, please contact me (202-739-8080;
ambnei.ora) or Jim Riley (202-739-8137; ihr@nei.ora).

Sincerely,

Alexander Marion

Enclosures

c: Mr. James E. Dyer, U.S. Nuclear Regulatory Commission
Mr. Alexander R. Klein, U.S. Nuclear Regulatory Commission
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Use the methods in NEI 00-01 Chapter 3, as supplemented by the information in Appendix B to identify the cables
associated with each piece of equipment in each MSO and identify which fire areas, if any, each component in the

MSO is impacted by the postulated fire.
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IECUTIVE SUMMY

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 that
may be used in conjunction with the deterministic methods for resolving circuit failure issues
related 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 geically reflected in the plant's
licensing basis. In Revision 1 these deterministic methods, were reyised 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 hbcame apparent as
the NRC revised their inspection guidance to resume the inspection of circuits in January 2005.
The methods presented in Revision I were intended to support licensees preparing for the
resumed NRC circuit failure inspections.

In Revision 2 changes are being made to document the Resolution Methodology presented by the
Industry to the NRC Staff for resolving the• MSO Issue 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 Testin•, but also the CAROLFIRE Cable Fire
Testing. The methodology contained in Revisio•n2 is one method of addressing the MSO Issue.

This document neithe. change, snor supports any individual plant's licensing basis. The
assumptions used i .th .licensing basis, and the nature of any approvals the NRC may have
provided for these assumnpions are .a plant-specific matter between each licensee and the NRC.

NEI 00-01 Revision 2In C 5 pro\idcs a methodology for a focused-scope Fire PRA for
assessing the risk sigiiicaince of specific MSOs. This method is intended for application to
circuit failures involvin MSOs. All MSO impacts deemed to be risk significant should be
placed in ithe plant Corrective 'Action Program with an appropriate priority for action. Since a
large number of low significance findings of uncertain compliance status could result from
industry applications, of this miethod to MSOs, separate discussions are being held with NRC to
address the handling of such issues without unnecessary resource impacts for licensees and NRC
alike

It is expected that plants adopting an alternate risk-informed licensing basis using NFPA 805 will
be able to reference NEI 00-01 as an acceptable method for addressing circuit failure issues,
including the MSO Issue.
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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 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 6.4.1) and 10
CFR 50 Appendix R (Reference 6.4.3).

From the standpoint of deterministic safe shutdom n analysis, Generic Letter 86-10
(Reference 6.1.10) 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 numierous variations in the approach used by
the architect engineers responsible for each plant design, have resulted in wide variation
in plant-specific approaches to deterministic post-fire safe shutdown analysis.

Some of these approaches are bad 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 ofthe position. In an NRC letter to NEI in
early March 1997 (Reference 6.4.30) NRC statedthat the regulatory requirements and
staff positions arewell documented, and that regulatory requirements recognize that fires
can induce multiple hot shorts. The industry responded (Reference 6.4.31) that industry
and NRC staffimiterpretations of existing• regulations and regulatory guidance differ
significantly on at ltaeast son•efaspects of the post-fire safe shutdown analysis requirements
and proMided .reasons fr these differing interpretations. The Boiling Water Reactor
Owners rouoB WROG•d) developed a comprehensive document.for BWRs to compile

•deferministic safe sutdmownianalysis practices based on existing regulatory requirements
-anid guidance. That document was adopted into NEI 00-01 with minor changes to
addr•ss PWR-specific'safe shutdown analysis considerations.

1.1 PURPOSE~

The purpose of thu s document is to provide a consistent process for performing a fire safe
shutdown circuit analysis. While it describes differences between NRC and industry
licensing positions, NEI 00-01 does not define what any plant's licensing basis is or
should be. Plant licensing bases have been developed over many years of licensee
interactions with NRC staff, and the interpretation of these licensing bases is a matter
between each licensee and NRC staff. The guidance provided in this document accounts
for differences and uncertainties in licensing basis assumptions about circuit failures. 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.

1
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This document provides deterministic methods for addressing potential fire-induced
circuit failure issues, either within or beyond the existing plant's licensing basis. The
deterministic method, derived from NRC regulations, guidance, and plant licensing bases
is provided for analyzing and resolving circuit failure issues. Risk-informed 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, MSOs. las'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 cable failure testing, both EPRI/NEI and
CAROLFIRE. 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.

The methods in this document do not require the ysyteatic reevaluation of a plant's
post-fire safe shutdown circuit analysis. 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. The
deterministic methods in this document rely on approved liIcensing bases for individual
plants. In addition, this document provides criteria for•a•sessing the risk significance of
those MSO issues thatP miay not be included in current safe shutdown analyses, but that
may be a concern becausofpotential risk significance.

This guidance hin this document reflects :the position that licensees should address
potential risk-signlificant iu gardleg ss of whether they involve compliance with the
licensing•siss When issues are identified, the licensee should consider whether they
involve violation~s of the licensing basis, are beyond the licensing basis, or are of uncertain
compliance status and subject to possible disagreement with NRC. Licensees should also
consider the risk significance of the findings consistent with the fire protection SDP.
Consideration of these parameters is illustrated. in the following table:

Action to Address Issue
Type of Issue' Issue Risk Significant Issue Not Risk Significant
Finding (issue outside Address in CAP Green finding; action at
CLB) licensee's discretion
Violation of CLB Address in CAP Address in CAP or provide

licensing basis changes
(using approved regulatory
processes)

2
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Action to Address Issue
-Type of Issue Issue Risk Significant Issue Not Risk Significant
Compliance status/ Address in CAP Address in CAP or provide
CLB not clear licensing basis changes

(using approved regulatory
processes)

As seen in the table above, NEI 00-01 concludes that the licensees should address risk-
significant circuit failure issues regardless of whether theyii'ivolve potential violations.
Issues that are both risk-insignificant and outside the lice g basis should be treated in
accordance with current ROP guidelines as illustratcd M the. table. Remaining low
significance issues potentially involving compliancedshould be addressed consistently
with current regulatory guidelines; licensing-basis changes (using approved regulatory
processes) maybe in order, supported by the risk analysis performed using Section 5 risk
analysis or the fire protection SDP methods.

An example will illustrate the use of NEI 00-01 In this cwmple, assume that the licensee
conducts a self-evaluation using this document and d cermines that he should postulate
more than one simultaneous spurious operation in a certainifire area. Further assume that
the licensing basis is inconclusive.' The licensee could determine the risk significance of
the issue using the methods of NEI 00-0 01 the revised fire protecion Significance
Determination Process, or other plant-specific risk analyses. The licensee should place the
issue in the plant Corrective Action Program (CAP) I 'it isýsignificant according to the risk
criteria used, or could request licensing basIs changes (using approved regulatory
processes), or change the fire protection plan, if it is not. The compliance aspects would
also be addre~sd in cases w\here it is not clear whether an issue is within the licensing
basis (a "compliance Issue") or not. I

ally, a iarge nuhber of exemption requests (on an industry-wide basis) for low
sinmificance issuesiclould resut in an unnecessary expenditure of industry and staff

Sresources. NRC and industry are discussing ways for addressing low significance issues
wlth•uncertain compliance status to minimize this resource expenditure and still address
regulatory requirements.

.1.2 BACKGROUJJND

Reviewing pas•t 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.

I ,
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o The NRC should develop specific guidance for implementing GDC 3.

[i 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 P.lants 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 andrmanual);,(3) passive protection of
structures, systems and components (SSCs) important to safety and post-fire safe
shutdown.

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.

The guidance in BTP APCSB 9.5-1 anid Appendix A to BTP APCSB 9.5-1, however, did
not provide sufficiently specific guidanc 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 ord•r 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 Kto Januarjl, 1979," to 10 CFR Part 50 (45 FR 36082). The NRC

N4blished 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 III.G, 1113., and 111.0 for all plants licensed
to operate sbefore 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 III.G.2
of Appendix R 24reflected the results of 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 III.G, J & 0 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
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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 9.5-1 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.

The plant design changes required for passive and activeL ýfire 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.

To clarify the regulations, the NRC staff has issued numerous guidance documents in the
form of memorandums, Generic Letters and Information Notices. These documents
provide insights as to the NRC staff's interpretation •f the regulations, their views on
acceptable methods for complying wi•th the regulations-nd clarity of the requirements
necessary in performing a post-fire safeSh•utdown analysis.

1.3 OVERVIEW OF POST-FIRE SAFE SHUTDOWNN ANALYSIS

A fire in an operating nuclear power plantis a potentially serious event. In general, the
likelihood of a large fire with the potential to damage plant equipment important to safe
shutdown is considered to be small. The expected fire would be contained in a single
electrical panel or aIQlcalized portiono6f one room or area. Typical plant design
segregates iiripbftant cables and equipment from threats such as missiles, flooding, and
*significant fire soirces. The expected plant response to this type of event would be to
Smaintain continued ipýerationdan to dispatch the plant fire brigade to extinguish the fire.

Despite this, the consequences of an event that damages plant equipment important to
safe shutdown can be significant. The Browns Ferry fire resulted in damage to plant
equipment important to safe shutdown. Although safe shutdown of the Browns Ferry
unit was ultimately accomplished, the event was of sufficient significance to warrant
major changesin 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, they have also
placed increased attention on identifying those systems and equipment important to the
post-fire safe shutdown of each unit. A safe plant design is achieved by identifying the
systems and equipment important to post-fire safe shutdown, making conservative
assumptions regarding the extent of fire damage and assuring adequate separation of the
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redundant safe shutdown trains. These aspects of post-fire safe shutdown design, in
combination with the changes made in the design of the plant fire protection features in
response to the Browns Ferry fire, solidify this conclusion regarding plant safety.

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 the
following deterministic criteria are satisfied for a single fire in any plant fire area:

o One safe shutdown path required to achieve ind maintain hot shutdown is free
of fire damage

Ei Repairs to systems and equipment requir'ed to achieve and maintain cold
shutdown can be accomplished within the required time frame

o Any operator manual actions required tto sup]pdrt achieving either hot or cold
shutdown are identified and meet tthlacipplicable regulatory acceptance
requirements.

The deterministic method in Section integrates the requirements and interpretations
related to post-fire safe shutdown into a single location, and assures that these criteria are
satisfied. It:

[] Identifies the systems, equipment and cables required to support the operation
of each safe shitdown path

[] Identifies the equipment and cables whose spurious operation could adversely
Jimpact the ability of th'esesafe shutdown paths to perform their required safe
shitdwn flfunction

E] Provides techniques)to mitigate the effects of fire damage to the required safe
shutdown )ath in each fire area.

Using this miethodology to perform post-fire safe shutdown analysis will meet deterministic
regulatory requirements and provide an acceptable level of safety resulting in a safe plant
design. It is 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 extent to which the requirements and guidance are applicable to a specific plant
depends upon the age of the plant and the commitments established by the licensee in
developing its fire protection program.

The information contained in Chapters 4 and 5 are provided for use in resolving the
longstanding issues of MSOs. Using the Resolution Methodology described in these
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chapters and in the appendices referenced within is one way for a licensee to address the
MSO issue.

1.3.1 General Methodology Description

The deterministic methodology described in this document can be used to perform
a post-fire safe shutdown analysis to address the current regulatory requirements.
The Resolution Methodology for MSOs evaluates the risk significance of
potential failures or combinations of failures. [Note: yThe term "MSOs" will be
used throughout this document to denote one or more fire-induced component
failures due to fire-induced circuit failures, including, but not limited to spurious
operations resulting from hot shorts.] Th"ei Resolution Methodology for
addressing MSOs is contained in Chapter 4>, >

1.3.2 Deterministic Method

When using the deterministic methodology to address the current regulatory
requirements, 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 system and equipment damage are
not determined. Rather, f•le damage is assumed to occur regardless of the level of
combustibles in the area, the ignition temperaturesofaiany combustible materials,
the lack of an ignition source orthe presence Of automatic or manual fire
suppression and detection capability. Fire d•aýiage s also postulated for all cables
and equipment in the fire area that may be Used for safe shutdown, even though
most plant fire areas do not contain sufficient fire hazards for this to occur.

It is with these basic and conservative assumptions regarding fire damage that use
of the Section 3 methodology begins. The methodology progresses by providing

guiii'dance on selecting ss emnni d equipment needed for post-fire safe shutdown,
• ondKideifying th&:7ircuits of concern relative to these systems and equipment and

on mitigating ýeach fire-induced effect to the systems, equipment and circuits for
the required safe shutdown path in each fire area. 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 thle circuit failure criteria contained in Appendix B. Using the Resolution
Methodology described in Chapter 4, a licensee can determine the potential fire-
induced MSO impacts applicable to its facility. These potential fire-induced
impacts can then be dispositioned using the deterministic methods described in
Chapter 3 or by using the risk-informed method described in Chapter 5.
Additionally, fire modeling, as described in Chapter 4, may be used to assess
whether or not a particular MSO in a particular location presents an impact to
post-fire safe shutdown. In addressing MSOs the conservative assumptions
discussed above for the Chapter 3 analysis are not necessarily applied, e.g. fire
modeling or risk assessment may be an acceptable resolution approach.
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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 loads assumptions
used in an analysis to determine the need for roomf 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 summanized in Sections 1.3.2.1
through 1.3.2.6, and discussed in depth in Section 3.

1.3.2.1 Safe Shutdown Function Identification

The goal of post-fire safe shutdown is to LaSSure 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 contamment. This goal is
accomplished by determininfg, thi•osefunctions important to safely shutting down
the reactor and assuring that syste•s•ith the capability to perform these
functions are not adversely impacted by a single fire in any plant fire area. The
safe shutdwn functions important to the plant are: (1) reactivity control; (2)

pressure control; i(3) inventory 'control; and (4) decay heat removal. To
accompAish the required safe shutdown functions, certain support system
functions (e.g., electricaLpower, ventilation) and process monitoring capability
(e.g2. reactor level, pressureindication) are also required.

In addaioPn, the analyst must assure that fire-induced spurious operations do not
occur that c•an prevent equipment in the required safe shutdown path from

; performing itsintended safe shutdown function. Examples of spurious operations
.that present a potential concern for the safe shutdown functions described above
a....• hose that can cause a: (1) loss of inventory in excess of the make up
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'. Additionally, Appendix G provides a Generic List of
MSOs and Chapter 4 provides a methodology for converting this Generic List of
MSOs to a Plant Specific List of MSOs through the use of an Expert Panel.

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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[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.
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Figure 1-1
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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 Piping and Instrument Diagrams (P&IDs) for the mechanical systems
comprising each safe shutdown path, the anilyst :identifies the mechanical
equipment required for the operation of the ystem aad the equipment whose
spurious operation could affect the performance of the sfe shutdown systems.
Equipment that is required for the operati6onof a safe shut'down system for a
particular safe shutdown path is related to that path (i.e., designated as a safe
shutdown component).

From a review of the associated P&LDs, the equipment that could spuriously
operate and result in a flow blockage flow diversion (e.g., inventory makeup
capability), loss of pressurecontrol, etc. is identifi'ed. Similarly, this equipment is
related to the particular safe shutdown path that it can affect.
The analyst reviews the P&IDs for thesyems physically connected to the reactor

vessel to determine the equipment that can result in a loss of reactor inventory in
excess of make tip capability. This includes'a special class of valves known as
"high/iow pressure interfaces." Refer to Appendix C for the special requirements
associated with hilghilow pressure interface valves. Equipment in this category is
typically related to iall safe shutdown paths, since a loss of reactor vessel
'nentory would be a concern for any safe shutdown path.

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 schematic through secondary 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 Associated Circuits - Common Power
Source Analysis.

12



NEI 00-01 Revision 2 - Draft
December 2007

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 impact 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
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 positionlof 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 ýpecific 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 circuit2 (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 ithe effect on the safe shutdown
system, the safe shutdown path, the safe shuitdo\wn functions and the goal for post-
fire safe shutdown.

For the Plant Specific List' ofMSOs developed using the Resolution Methodology
outlined in Chapter 4, apply the GIlrcaIt Failure Criteria outlined in Appendix B.

1.3.2.6 Safe Shutdown Equipment I..paicts

Using th i()c, deýscribed abov e, the analyst identifies the potential impacts to
s .afe shuitdowýn equipmrent, systems, paths, and functions relied upon for each fire
area, and, then mriltigtes the effects on safe shutdown for each safe shutdown
component Impacted ib\ the fire.7 The mitigating techniques must meet the
re:gulations. For c-xamn-pfc, if an perator manual action is relied upon to mitigate
the' effects, then It mu1Lst meet the regulatory acceptance criteria related to operator
manual actions. Re'fer to Appendix E for additional information

The process of' identifyiing and mitigating impacts to the required safe shutdown
p~ath(s) described above is explained in more detail throughout this document.

2Licensing Citation: Waterford III Submittal to NRR dated February 7, 1985, Item No. 5 on page 3. Susquehanna

Steam Electric Station NRC Question 40.97 paragraph 3a. Wolf Creek/Callaway SSER 5 Section 9.5.1.5 second
W paragraph.I
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1.3.3 Risk Significance Methods

The Resolution Methodology for determining the Plant Specific List of MSOs is contained in
Chapter 4. Refer to Chapter 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 (PRA) methods. The use of risk significance
methods, such as a focused-scope Fire PRA is documented in Chapter,5.

4:i ,;

...
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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 concerns are
also discussed. Refer to Figure 2-1. K'>,

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

10 CER Ž50 Appendix R Sýýection IIL.G establishes the regulatory requirements for
protetiing struCtures, systems, equipment, cables and associated circuits required for
achieving post-fire Appendix ,R Safe Shutdown, in order to satisfy the first sentence of

GDC 3. Sections III.G.1 and 1Ii.G.2 discuss the requirements for "redundant" safe
shutdown and Sectio 1 II.G.3 discusses the requirements for "alternative or dedicated"
shutdown. The requirements for each of these shutdown classifications will be
considere-d separately.

The followinigi sections discuss the regulations and distinctions regarding redundant
shutdown methods. Requirements specifically for alternative/dedicated shutdown
methods are discussed in Appendix D to this document:

Requirements for Redundant Safe Shutdown

Section III.G. 1 provides the requirements for fire protection of safe shutdown capability
and states the following:

III. G. Fire protection of safe shutdown capability.
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1. Fire protection features shall be provided for structures, systems, and components
important to safe shutdown. These features shall be capable of limiting fire
damage so that:

a. One train of systems necessary to achieve and maintain hot shutdown conditions
from either the control room or emergency control station(s) is free of fire
damage; and

b. Systems necessary to achieve and maintain cold shutdown from either the control
room or emergency control station(s) can be repaired. within 72 hours.
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Figure-2-1
Appendix R Requirements Flowchart

III.G.1 Fire protection One train of systems Systems necessary to
features shall be provided necessary to achieve achieve and maintain cold

for structures, systems, and maintain hot shutdown from either the
and components important shutdown is free of fire MCR or Emergency Control

to safe shutdown damage (*) Stations can be repaired
within 72 hours

Identify and locate the cables and
III.G.2 Ensure that one equipment, including associated non-
of the redundant trains Are the cables or safety circuits that could prevent
is free of fire damage Yes equipment located within operation or cause maloperation due

() by one of the the same fire area, to hot shorts, open circuits, or shorts 4--
following: protected by 3-hr fire to ground, of redundant trains of

coutsinment? , primary i~i~i!'• systems necessary to achieve and
conta nment. maintain hot shutdown

No t***)

/Separation of cables and equipment/ -:%
[including associated non-safety circuitsI Enclosure of cable and equipmentI Separation of cables and equipment

of redundant trains by a horizontal including associated non-safety including associated non-safety

distance of more than 20 feet with no circuits of one redundant train in a circuits of redundant trains by a fire

intervening combustible or fire hazards. fire barrier having a 1-hour rating barrier having a 3-hour rating
(***) (**):•

Ensure that fire detectors and an systems whose function
automatic fire suppression system are is required for hot

installed in the area. shutdown satisfy the

Referto Apendi D fo theIII.G.3 Alternative or dedicated shutdown N
Refe to ppedix forthecapability and its associated circuits,

requirements of independent of cables, systems or
Alternati ve/Dedicated Shutdown components in the areas, room or zone

CaDabilitv under consideration, shall be provided.

(*) "Free of Fire Damage " is achieved when the structure, system or component under consideration is capable of performing its intended function
during and after the postulated fire, as needed

(**) Exemhption Requests, Deviation Requests, GL 86-10 Fire Hazards Evaluations or Fire Protection Design Change Evaluations mav be developed as
necessary.

(***) For non-inerted containments, provide one of the protection methods identified in Appendix R Section III.G.2 (a), (b), or (c)or provide for 20ft
separation with no intervening combustibles or fire hazards, fire detection and automatic suppression, systems. or non-combustible radiant energy
shields as specified in Appendix R Section I11. G.2 (d), (e), or (/)t
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In Section III.G.1 there are no functional requirements specifically itemized for the
structures, systems or components. The only requirements identified are those to initially
achieve and maintain hot shutdown and to subsequently achieve cold shutdown once any
required repairs have been completed.

Section III.G. 1 establishes the requirement to ensure that adequate fire protection features
exist to assure that one train of systems necessary to achieve and maintain hot shutdown
is free of fire damage. Section III.G. 1 presumes that some preexisting fire protection
features have been provided, such as barriers (previously appioved by the NRC under
Appendix A to BTP APCSB 9.5-1).

III.G.2 Except as provided for in paragraph G.3 of this section, where cables or
equipment, including associated non-safetj2circuits that could prevent operation
or cause ma/operation due to hot shorts, open circuits, orOhiorts to ground, of
redundant trains of systems necessary to achieve and maiid•in hot shutdown
conditions are located within the6amc fire area outside of primai-g containment,
one of the following means of ensuring that one of the redundanttrais is free of
fire damage shall be provided:

a. Separation of cables and 2equipment and associated non-safety circuits of
redundant trains by a fires barrier having a 3-hour rating. Structural steel
forming a part of or supporting such fire barriers shall be protected to provide
fire resistance equivalent to tMi required of the barrier,;

b. Separationk of cables and equIpment and associated non-safety circuits of
redundant trains b vahorizontal distance of more than 20 feet with no intervening
combustible' or fire hazards. In addition, fire detectors and automatic fire
suppression~systemn shall be installed in the fire area; or

c. Enctos6.eurof ca/ ableand equipment and associated non-safety circuits of one
redundant itrain In afire barrier having a 1-hour rating. In addition, fire
detectors and ian autodmitic fire suppression system shall be installed in the fire
area;

Inside non-inerted containments one Qf the fire protection means specified above or one
of the following fire protection means shall be provided:

d. Separation of cables and equipment and associated non-safety circuits of
redundant trains by a horizontal distance of more than 20feet with no intervening
combustibles or fire hazards,

e. Installation offire detectors and an automatic fire suppression system in the fire
area, or

f Separation of cables and equipment and associated non-safety circuits of ,
redundant trains by a noncombustible radiant energy shield.
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'0 Section III.G.2 provides separation requirements that must be utilized where redundant
trains are located in the same fire area. To comply with the regulatory requirements in
Section III.G. 1 and 2, it is necessary to maintain those barriers previously reviewed and
approved by the NRC under Appendix A to APCSB 9.5-1 that provide separation

essential for safe shutdown (this may include active fire suppression equipment originally
credited for barrier functionality). Where redundant trains of systems necessary to
achieve hot shutdown are located in the same fire area outside of primary containment,
one must provide fire protection features consistent with the requirements of Section
III.G.2.a, b, or c (III.G.2.d, e, and f are also acceptable',options inside non-inerted
containments) to protect structures, systems, components 1, cables and associated circuits
for one train capable of achieving and maintaining hot shutdown conditions. One must
also assure that any repairs required to equipment necessary to achieve and maintain cold
shutdown, from either the MCR or emergency control station(s) c be made within 72
hours.

Depending on a plant's current licensing basis, exemptions, or deviations, or GL 86-10
fire hazards analyses and/or fire protection design change evaluations, NEI 02-03 (the
replacement for the 10 CFR 50.59 process) may'ibe used (when issued) to justify
configurations that meet the underlying goals of Appendix R but not certain specific
requirements.

2.2 REGULATORY GUIDANCE ON ASSOCIATED CIRCUITS

2.2.1 To ensure that safe shutdown systems remain available to perform their intended
functions, the post-fire safe shutdown analysis also requires that other failures be
evaluated toensure that the safe shutdown system functions are not defeated. The
analysis requires that consideration be given to cable failures that. may cause
Spurious operations resulting in unwanted conditions. Also, circuit failures
resulting in the 1O6S Of support systems such as the electrical power supply from
improperly coordinated circuit protective devices must be considered. As defined~in Generic Letter 81-12, these types of circuits are collectively referred to as

associated circuits.3

2.2.2 Appendix R, Section III.G.2, states the following related to evaluating associated

non-safety circuits when evaluating redundant shutdown capability

"Except as provided for in paragraph G. 3 of this section, where cables or
equipment, including associated non-safety circuits that can prevent operation or
cause maloperation due to hot shorts, open circuits or shorts to ground, of
redundant trains of systems necessary to achieve and maintain hot shutdown
conditions are located within the same fire..area outside of primary containment,
one of the following means of assuring that one of the redundant trains is free of
fire damage shall be provided..."

W3 See the definition of "associated circuits of concern" in GL 81-12.
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Associated circuits need to be evaluated to determine if cable faults can prevent
the operation or cause the maloperation of redundant systems used to achieve and
maintain hot shutdown.

From time to time, the NRC has issued Staff Positions (e.g., memorandum,
Information Notices, Generic Letters, inspection findings) documenting their
positions as .to what systems they consider necessary to achieve and maintain hot
shutdown conditions, as well as documenting what types of fire-induced faults
should be considered credible for affecting these necessaysystems.

2.2.3 NRC GL 81-12, Fire Protection Rule (45 FR 76602, November 19, 1980), dated
February 20, 1981, provides additional clarification related to associated
nonsafety circuits that can either prevent operation or 'c:ause maloperation of
redundant safe shutdown trains. With respect to these associated circuits, GL 81-
12 describes three types of associatedpcircuits. The Clarification of Generic Letter
81-12 defines associated circuits of cofncern as those cables and equipment that:

a). Have a physical separation less than that required by Section IJI.G.2 of
Appendix R, and&

b). Have either: .

z) A common power source with2 the shutdown equipment (redundant or
alternative) and the power source is not electrically protected from the
circuit of concern by coordinated breakers, fuses, or similar devices, or

ii) A connection to circuits ofje4uipment whose spurious operation would
adviersely affect the shutdown capability (i.e., RHR/RCS isolation valves,
.ADS valves, POR1oVs, :team generator atmospheric dump valves,

.instrumentation, steam bypass, etc.), or

iii) A common enclosure (e.g., raceway, panel, junction) with the shutdown
cables (redundant and alternative) and,

(1) are not electrically protected by circuit breakers, fuses or similar
devices, or

(2) will not prevent propagation of the fire into the common enclosure.

Although protecting the fire-induced failures of associated circuits is required, to
reinforce that Generic Letter 81-12 simply provides guidance rather than
requirements, the Clarification of Generic Letter 81-12 further states the
following regarding alternatives for protecting the safe shutdown capability:

The guidelines for protecting the safe shutdown capability from fire-induced
failures of associated circuits are not requirements. These guidelines should be
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used only as guidance when needed. These guidelines do not limit the
alternatives available to the licensee for protecting the safe shutdown capability.
All proposed methods for protection of the shutdown capability from fire-induced
failures will be evaluated by the [NRC] staiffor acceptability.

2.3 REGULATORY INTERPRETATION ON LOSS OF OFFSITE POWER

2.3.1 The loss of offsite power has the potential to affect safe shutdown capability. In
addition, the regulatory requirements for offsitepower differ between the
redundant and alternative/dedicated shutdown capability. Therefore,
consideration must be given for the loss of offsite porter when evaluating its
effect on safe shutdown. The AppendixR rclquirement? to consider a loss of
offsite power is specified in Section III.L.3 iaNf6olows:

The shutdown capability for specfie fire areas mqy be uniquefor cac/Isucharea,
or it may be one unique combination ofysfrtems for all such areas. hi either case,
the alternative shutdown capability shall be independent of the specic fire
area(s) and shall accommodate post-fire conditions where offsite power is
available and where offsie power is not available for 72 hours. Procedures shall
be in effect to implement thiapcqwil~ity.

2.3.2 Alternative/dedicated systems, HImst demonstrate shutdown capability where
offsite power is -aiailable and where offsite power is not available for 72 hours. If
such equipmnent iad, systems used prior to 72 hours after the fire will not be
capable of being powered by both onsite and offsite electric power systems
because 'of fire damae, an independent-onsite power system shall be provided.
Equipment and systeis used after 72 hours may be powered by offsite power
only.,-

,2.3,.3 For redtiidait 1shutdmvl, offsite power may be credited if demonstrated to be free
of fire damageislmilar to other safe shutdown systems.

2.3.4 1if offsite power is postulated to be lost for a particular fire area, and is not needed
'forthe required, safe shutdown path for 72 hours, actions necessary for its
restoration are considered to be performed under the purview of the emergency
response •organization and do not require the development of specific recovery
strategies or procedures in advance.

2.3.5 Since in an actual fire event offsite power may or may not be available, the
potential availability of offsite power should also be considered to confirm that it
does not pose a more challenging condition. For example, additional electric heat
loads may affect HVAC strategies.
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3 DETERMINISTIC METHODOLOGY

This section discusses a generic deterministic methodology and criteria that licensees
can use to perform a post-fire safe shutdown analysis to address regulatory
requirements. The plant-specific analysis approved by NRC is reflected in the plant's
licensing basis. The methodology described in this section is also an acceptable method
of performing a post-fire safe shutdown analysis. This methodology is indicated in
Figure 3-1. Other methods acceptable to NRC may also be used. Regardless of the
method selected by an individual licensee, the criteria and ass:umptions provided in this
guidance document may apply. The methodology described in Section 3 is based on a
computer database oriented approach, which is utilized by several licensees to model
Appendix R data relationships. This guidance docuni•rnt, however, does not require the
use of a computer database oriented approach. :

The requirements of Appendix R Section-, III.G6 .1 III.G.2 and III QG3Japply to
equipment and cables required for achieving aiid maitaitning safe shutdown in any fire
area. Although equipment and cables for fire, detection and suppression systems,
communications systems and 8-hour emergency lighting systems are important
features, this guidance document; des~not address them.

Additional information is provided i Appendix B to thist document related to the
circuit failure criteria to be applied in assessing•the impact of MSOs on post-fire safe
shutdown. Chapter 4 provides the Resolution methodology for determining the Plant
Specific List of MSOs to be evaluated. Chapter 5 provides a focused-scope Fire PRA
risk methodology for assessing the risk significance of any MSOs determined to be
impacted within a commoinlant fire area.

3.1 SAFE SHUTDOWN SYSTEMS AND PATH DEVELOPMENT

This' section discusses the identification of systems available and necessary to perform
ihe required safe shutdown >functions. It also provides information on the process for
combining these systems into' safe shutdown paths. Appendix R Section III.G.l.a
requires that the capability 'to achieve and maintain hot shutdown be free of fire
damage. Appendix Rý Section III.G. 1.b requires that repairs to systems and equipment
necessary to achieve and maintain cold shutdown be completed within 72 hours.
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Figure 3-1
Deterministic Guidance Methodology Overview

Section 2.0

Establish Appendix R

Regulatory Requirements
Regulatory Guidance on Associated Circuits

Regulatory Interpretation on Loss of Offsite Power

Section 3.3

Select Safe Shutdown Cables

Identify cables required for operation or that can
cause maloperation of listed equipment including

improperly coordinated power circuits.

Associate cables to equipment

Locate cable raceway & endpoints by fire area

Join data & identify SSD cables & equipment by
fire area

Section 3.1
Determine SSD Functions, Systems & Paths
Reactivity Control, Pressure Control, Inventory
Control, DHR, Process Monitoring, Supporting

Functions

Section 3.4

Fire Area Assessment

Include those that can defeat SSD
* RPV/RCS Loss of Inventory (*)
* Flow Diversion (*)/Blockage
* Inventory Makeup System being used for

SSD in FA
* Decay Heat Removal being used for SSD in

FA
* In excess of required makeup

Section 3.2

Determine impact to equipment required for SSD
functions and establish SSD path for each fire

area.

Evaluate effects of a hot short, open circuit, &
short to ground on each conductor for each cable.
Refer to Section 3.5 for Circuit Analysis Criteria.

Develop Methods for Mitigation

1. Re-design the circuit or component to eliminate
the concern

2. Reroute Cable of Concern
3. Protect Cable of Concern
4. Perform Operator Manual Action (Appendix E)
5. Perform Repair for Cold Shutdown only
6. Develop Exemption
7. Develop Deviation
8. Perform GL 86-10 Fire Hazards Evaluation
9. Enter Fire Protection Change Process
10. Identify other equipment to perform same

function
11. Address using a focused-scope Fire PRA

using the methods of Chapter 5 for MSO
impacts.

Items 4 & 5 involve addressing requirements for
timing, emergency lighting, manpower,
communications and dedicated repair equipment.

Select Safe Shutdown Equipment

Equipment that may perform or defeat SSD
functions
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The goal of post-fire safe shutdown is to assure that a one train of shutdown systems,
structures, and components remains free of fire damage for a single fire in any single
plant fire area. This goal is accomplished by determining those functions important to
achieve and maintain hot shutdown. Safe shutdown systems are selected so that the
capability to perform these required functions is a part of each safe shutdown path. The
functions important to post-fire safe shutdown generally include, but are not limited to
the following:

El Reactivity control
El Pressure control systems
11 Inventory control systems
11 Decay heat removal systems
El Process monitoring
0 Support systems

" Electrical systems
" Cooling systems

These functions are of importance because they have a direct bearing on the safe
shutdown goal of being able to achieve and maintain hot shutdown, which ensures the
integrity of the fuel, the reactor pressure vessel and thfeprimary containment. If these
functions are preserved, then the plant will be safe because the fuel, the reactor and the
primary containment will not be damaged. By assuring that this equipment is not
damaged and remains functional, the protection of the health and safety of the public is
assured.

In addition to the aboveiiliitd functions, Generic Letter 81-12 specifies consideration ofassociated circuits withe potential for •purous equipment operation and/or loss of

power source, and the com•on, enclosure failures. Spurious operations/actuations can
affect the accomplihshmirent ofthi post-fire safe shutdown functions listed above.
Typicalxamples of the effects of the spurious operations of concern are the following:

.... A loss of reactor pressure'l vessel/reactor coolant inventory in excess of the safe
shutdown makeup capability

Ei •Aflow loss or blockage in the inventory makeup or decay heat removal systems
being used for the required safe shutdown path.

Spurious operations are of concern because they have the potential to directly affect the
ability to achi]eve and maintain hot shutdown, which could affect the fuel and cause
damage to the reactor pressure vessel or the primary containment. Additionally,
Chapter 4 provides a Resolution Methodology for developing a Plant Specific List of
MSOs for evaluation. Appendix B provides the circuit failure criteria applicable to the
evaluation of the Plant Specific list of MSOs.

Common power source and common enclosure concerns could also affect these and
must be addressed.
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3.1.1 Criteria/Assumptions

The following criteria and 'assumptions may be considered when identifying
systems available and necessary to perform the required safe shutdown
functions and combining these systems into safe shutdown paths.

3.1.1.1 [BWR] GE Report GE-NE-T43-00002-00-0 1-RO0 entitled "Original
Safe Shutdown Paths For The BWR" addresses the systems and
equipment originally designed into the GE boiling water reactors
(BWRs) in the 1960s and 1970s, that can be used to achieve and
maintain safe shutdown per Section IILTG.I of 10 CFR 50, Appendix
R. Any of the shutdown paths (metlods) described in this report are
considered to be acceptable methods for achieving redundant safe
shutdown. - -,

3.1.1.2 [BWR] GE Report GE-NE-T43-00002-00-03-ROI provides a
discussion on the BWR Owners' Group (BWROG) position
regarding the use of Safety Relief •alvjs (SRVs) and low pressure
systems (LPCI/CS) for safe shutdown. The BWROG position is that
the use of ,SRVs and low pressure systems is an acceptable
methodology 'for achieving redundanst ýafe shutdown in accordance
with the requirements of 10 CFR 50 ,p'pendix R Sections III.G.1
and III.G.2. The NRC hasýaccepted the BWROG position and issued
an SER dated Dec. 12, 2000.

3.1.1.3 • [PWR'ý>Generic Letter 86-10, Enclosure 2, Section 5.3.5 specifies
that hot shutdown can be maintained without the use of pressurizer
11iheaters (i.e., pressure& control is provided by controlling the
makeup/charging pumps). Hot shutdown conditions can be
maintained via In'atirkl circulation, of the RCS through the steam
.genieators. The cooldown rate must be controlled to prevent the

'formation of a bubble in the reactor head. Therefore, feedwater
(eljther auxiliary or emergency) flow rates as well as steam release
must be controlled.

3.11.4 The classification of shutdown capability as alternative shutdown is
made independent of the selection of systems used for shutdown.
Alternative shutdown capability is determined based on an inability

<' to assure the availability of a redundant safe shutdown path.
Compliance to the separation requirements of Sections III.G.1 and
III.G.2 may be supplemented by the use of operator manual actions
to the extent allowed by the regulations and the licensing basis of the
plant (see Appendix E), repairs (cold shutdown only), exemptions,
deviations, GL 86-10 fire hazards analyses or fire protection design
change evaluations, as appropriate. These may also be used in
conjunction with alternative shutdown capability.
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3.1.1.5 At the onset of the postulated fire, all safe shutdown systems
(including applicable redundant trains) are assumed operable and
available for post-fire safe shutdown. Systems are assumed to be
operational with no repairs, maintenance, testing, Limiting
Conditions for Operation, etc. in progress. The units are assumed to
be operating at full power under normal conditions and normal
lineups.

3.1.1.6 No Final Safety Analysis Report accidents or other design basis
events (e.g. loss, of coolant 'accident, earthquake), single failures or
non-fire-induced transients need be considered in conjunction with
the fire.

3.1.1.7 For the case of redundant shutdawn, offsite power may be credited if
demonstrated to be free of fire damage. Offsite power should be
assumed to remain available for those cases where its ,availability
may adversely impactsafey (i.e., reliance cannot be placed on fire
causing a loss of offsite power i o n
availability are more severe thanfiits presumed loss). No credit
should be taken for a fire causing "aIoss of offsite power. For areas
where train separatIon cannot be achiIc\ed and alternative shutdown
capability is necessary• shutdown musti4cdemonstrated both where
offsite power is availabl where offsite power is not available for
72 hours.

3.1.1.8''< Post-fire safe shutdown systems and components are not required to
be safety-related.

311.-.9 The post-fire safe shutdown analysis assumes a 72-hour coping
period ,starting with ' a reactor scram/trip. Fire-induced impacts that
provide.no adverse consequences to hot shutdown within this 72-
hour period need not be included in the post-fire safe shutdown
analysis. At least one train can be repaired or made operable within
72 hours using onsite capability to achieve cold shutdown.

3•1•1.10 Manual initiation from the main control room or emergency control
stations of systems required to achieve and maintain safe shutdown
is acceptable where permitted by current regulations or approved by
NRC (See Appendix E); automatic initiation of systems selected. for
safe shutdown is not required but may be included as an option, if
the additional cables and equipment are also included in the analysis.

3.1.1.11 Where a single fire can impact more than one unit of a multi-unit
plant, the ability to achieve and maintain safe shutdown for each
affected unit must be demonstrated.
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3.1.2 Shutdown Functions

The following discussion on each of these shutdown functions provides
guidance for selecting the systems and equipment required for safe shutdown.
For additional information on BWR system selection, refer to GE Report GE-
NE-T43-00002-00-01-RO0 entitled "Original Safe Shutdown Paths for the
BWR."

3.1.2.1 Reactivity Control

[BWR] Control Rod Drive System

The safe shutdown performance and design requiurements for the reactivity
control function can be met without automatic scram/trip capability. Manual
scram/reactor trip is credited. The post-fire safe shutdown analysis must only
provide the capability to manually scram/trip the reactor. Each licensee should
have an operator manual action to either vent the instrument air header or to
remove RPS power in their post fire 'safe shutdown procedures. The presence
of this action precludes the need to pe.form circuit analysis for the reactivity
control function and is an acceptable wayto accomplish this function.

IPWR1 Makeurp/Charminl

There must be a method for ens'usiitrng that adequate shutdown margin is
maintained from initial reactor SCRAM to cold shutdown conditions, by
ensuring borate•dwater is utilized for RCS maklup/charging.

3.1.2.2 Pressure ControiSystems i

The systems discussed in this section are examples of systems that can be used
-forpressure control. This does not restrict the use of other systems for this

purpose,

.BWR1 Safety ReliefValves (SRVs)

.nitial pressure control may be provided by the SRVs mechanically cycling at
Sitheir setpoints:. (electrically cycling for EMRVs). Mechanically-actuated SRVs

reqUirre no electrical analysis to perform their overpressure protection function.
The SRIs\mal also be opened to maintain hot shutdown conditions or to
depreSý,siize the vessel to allow injection using low pressure systems. These are
operated manually. Automatic initiation of the Automatic Depressurization
System (ADS) is not a required function. Automatic initiation of the ADS may
be credited, if available. If automatic ADS is not available and use of ADS is
desired, an alternative means of initiation ADS separate from the automatic
initiation logic for accomplishing the pressure control, function should be
provided.
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[PWR] Makeup/Charging

RCS pressure is controlled by controlling the rate of charging/makeup to the
RCS. Although utilization of the pressurizer heaters and/or auxiliary spray
reduces operator burden, neither component is required to provide adequate
pressure control. Pressure reductions- are made by allowing the RCS to
cool/shrink, thus reducing pressurizer level/pressure. Pressure increases are
made by initiating charging/makeup to maintain pressurizer level/pressure.
Manual control of the related pumps is acceptable.

3.1.2.3 Inventory Control

,[BWR] Systems selected for the inventory control finction should be capable
of supplying sufficient reactor coolant to achieve and mnintain hot shutdown.
Manual initiation of these systems is acceptable. Automatic initiation functions
are not required... .

[PWR]: Systems selected for the in-vcntoi control function should be capable
of maintaining level to achieve and maitmiiiinhot shutdown. Typically, the same

components providing inventory control ýraf capable of providing pressure
control. Manual initiation of•these systems is acceptable. Automatic initiation
functions are not required. : .

3.1.2.4 Decay Heat Removal

[BWR] •Systemis selected for the decay hnat removal function(s) should be
capable of: -

..Removing su.fficient decay heat from primary containment, to prevent
containment over-preissurization and failure.

,,•!•Satisfying tlh• net posltlVesuction head requirements of any safe shutdown
4 s gysteims taking suction from the containment (suppression pool).

n RemoviMlng sufficient decay heat from the reactor to achieve cold shutdown.

[PWR] Systiems selected for the decay heat removal function(s) should be
capable of:

n Removing sufficient decay heat from the reactor to reach hot shutdown
conditions. Typically, this entails utilizing natural circulation in lieu of
forc•d circulation via the reactor coolant pumps and controlling steam
release via the Atmospheric Dump valves.

o Removing sufficient decay heat from the reactor to reach cold shutdown
conditions.

This does not restrict the use of other systems.
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0 3.1.2.5 Process Monitoring

The process monitoring function is provided for all safe shutdown paths. IN 84-
09, Attachment 1, Section IX "Lessons Learned from NRC Inspections of Fire
Protection Safe Shutdown Systems (10 CFR 50 Appendix R)" provides
guidance on the instrumentation acceptable to and preferred by the NRC for
meeting the process monitoring function. This instrumentation is that which
monitors the process variables necessary to perform and control the functions
specified in Appendix R Section III.L. 1. Such instrumentation must be
demonstrated to remain unaffected by the fire. •'&ihe• IN 84-09 list of process
monitoring is applied to alternative shutdoWhn (III.G.3). IN 84-09 did not
identify specific instruments for process monitoring to eb applied to redundant
shutdown (III.G.1 and III.G.2). In generM, pirocess monitoring instruments
similar to those listed below are needed to successfully use existing operating

* procedures (including Abnormal Operating Procedures).

BWR %0

* Reactor coolant level and pressure

• Suppression pool level and temperature

O Emergency or isolation condens'er l1\ el

* Diagnostic instrumentationIftor sate sndoon systems

0 Level i•ndication for tanks nccded for safe shutdown

K PWR

.Reactor coolant te 5~raiure (hot leg / cold leg)
- Pressurizer pressure and level
* Neutron flux monitonng (source range)
* Level rndication fdM tanks needed for safe shutdown
0 Steam generator level and pressure
* Diagnostic instrumentation for safe shutdown systems

The •specific instruments required may be based on operator preference, safe
shutdo\nii procedural guidance strategy (symptomatic vs. prescriptive), and
systems and paths selected for safe shutdown.
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3.1.2.6 Support Systems

3.1.2.6.1 Electrical Systems

AC Distribution System

Power for the Appendix R safe shutdown equipment is typically provided by a
medium voltage system such as 4.16 KV Class 1E busses either directly from
the busses or through step down transformers/load centers/distribution panels
for 600, 480 or 120 VAC loads. For redundant safe ,hutdown performed in
accordance with the requirements of Appendix R SectlIn II.G.1 and 2, power
may be supplied from either offsite power sources or the emergency diesel
generator depending on which has been demonstrated to be free of fire damage.
No credit should be taken for the beneficial effects of ýiafire causing a loss of
offsite power. Refer to Section 3.1.1.7. I ,

DC Distribution System

Typically, the 125VDC distribution system supplies DC control power to
various 125VDC control panels including,' Switchgear breaker controls. The
125VDC distribution panels may also supply power to the 120VAC distribution
panels via static inverters< These distribution panels typically supply power for
instrumentation necessary to ,complete the process monitoring functions.

For fire events that result in an interruption of power to the AC electrical bus,
the station battcriies are necessary to supplyjiany required control power during
the interim timie pciod required for the diesel generators to become operational.
Once the> diesels ýtre operational, the 125VDC distribution system can be
poweredfroiom the diesels through the battery chargers.

[ABWR] Certaci plants are al1o designed with a 250VDC Distribution System
that supihelies p1owerto Reactor Core 'Isolation Cooling and/or High Pressure
Coolant nj1ction Cequipment.

The DC control centers. may also supply power to various small horsepower
Appendix R isafe shutdown system valves and pumps. If the DC system is
reled upon to ,upport safe shutdown without battery chargers being available, it
mustibe verified that sufficient battery capacity exists to support the necessary
loads' for sufficient time (either until power is restored, or the loads are no
longer required to operate).
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3.1.2.6.2 Cooling Systems

Various cooling water systems may be required to support safe shutdown
system operation, based on plant-specific considerations. Typical uses include:

o RHR/SDC/DH Heat Exchanger cooling water
o Safe shutdown pump cooling (seal coolers, oil coolers)
o Diesel generator cooling
o HVAC system cooling water.

HVAC Systems

HVAC Systems may be required to assure, that safe shutdown equipment
remains within its operating temperature range, as specified in manufacturer's
literature or demonstrated by suitable test methods, and to assure protection for
plant operations staff from the effects of fire (smoke, heat, toxic gases, and
gaseous fire suppression agents).

HVAC systems may be required to support safe shutdown system operation,
based on plant-specific configuratitns. Typical uses, include:

o Main control room, cable spreang( I room relayroom
E[ ECCS pump compartments
E] DieselgenLerator rooms -
o SAyitchgear r6oms

Plant-specifi~c cviltions are necessary to determine which HVAC systems are
essential to safe shutdown\efiipment operation. Transient temperature response
analyses are oftenL4itilized to demonstrate that specific HVAC systems would
not be reqUired. If IH VAC systems are credited, the potential for adverse fire
effects to the HVAC system must also be considered, including:

- Dampers closing due to fire exposure

Recirculation or migration of toxic conditions (e.g., smoke from the fire,
.s.•ppressants such as Carbon Dioxide).

3.1.3 Methodology for Shutdown System Selection

Refer to Figure 3-2 for a flowchart illustrating the various steps involved in
selecting safe shutdown systems and developing the shutdown paths.

The following methodology may be used to define the safe shutdown systems
and paths for 'an Appendix R analysis:
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3.1.3.1 Identify safe shutdown functions

Review available documentation to obtain an understanding of the available
plant systems and the functions required to achieve and maintain safe shutdown.
Documents such as the following may be reviewed:

ii Operating Procedures (Normal, Emergency, Abnormal)
o System descriptions
n Fire Hazard Analysis
E[ Single-line electrical diagrams
o Piping and Instrumentation Diagrams (P&IDs)
o [BWR] GE Report GE-NE-T43-00002-00-0 1-R02 entitled "Original

Shutdown Paths for the BWR"

"b
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Figure 3-2
Safe Shutdown System Selection and Path Development

Step 1
Define Appendix R

requirements.
Refer to Figure 2-1

Step 2
Identify safe

shutdown functions. iŽ;>,,

Step 3
Identify combinations of systems that
satisfy each safe shutdown function.

Additional Step 4
support systems Define combination of
based on Step 4each

of Fig. 3 shutdown path.

Step 5 Refer to Attachment 1
Assign shutdown path to for an example of a Safe

each combination of Shutdown Path
systems. Development List.
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3.1.3.2 Identify Combinations of Systems That Satisfy Each Safe Shutdown
Function

Given the criteria/assumptions defined in Section 3.1.1, identify the available
combinations of systems capable of achieving the safe shutdown functions of
reactivity control, pressure control, inventory control, decay heat removal,
process monitoring and support systems such as electrical and cooling systems
(refer to Section 3.1.2). This selection process does not restrict the use of other
systems. In addition to achieving the required safe shutdown functions,
consider spurious operations and power supply issues that could impact the
required safe shutdown function.

3.1.3.3 Define Combination of Systems for Each Safe Shutdownii Path

Select combinations of systems with t1e capability of performing all of the
required safe shutdown functions and designate this set of systems 4as a safe
shutdown path. In many cases, pa~ths§ may be defined on a divisional basis since
the availability of electrical power and ~other" support systems must be
demonstrated for each path. During the equipment selection phase, identify any
additional support systefiii, and list them for the apjpropriate path.

3.1.3.4 Assign Shutdown Paths to VEacli Combination of Systems

Assign a path designation to each con binaoni of systems. The path will serve
to document the combination of systems r•lie'dupon for safe shutdown in each
fire area. Refer to Attachment 1 to this document for an example of a table
illustrating how to (locument the various combinations of systems for selected
shutdow'n paths.

3.2 SAFE SHUTDONN EQUIPMENT SELECTION

'The previous section described the methodology for selecting the systems and paths
necessary to achieve and maintain safe shutdown for an exposure fire event (see
Secion 5.0 DEFINITIONS for "Exposure Fire"). This section describes the
criteria/assumptions and selection methodology for identifying the specific safe
shutdown equipment necessary for the systems to perform their Appendix R function.
The selected equipment should be related back to the safe shutdown systems that they
support and be assigned to the same safe shutdown path as that system. The list of safe
shutdown equipment will then form the basis for identifying the cables necessary for
the operation or that can cause the maloperation of the safe shutdown systems.
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0
3.2.1 Criteria/Assumptions

Consider the following criteria and assumptions when identifying equipment
necessary to perform the required safe shutdown functions:

3.2.1.1 Safe shutdown equipment can be divided into two categories.
Equipment may be categorized as (1) primary components or (2)
secondary components. Typically, the foll~owing types of equipment
are considered to be primary componentsq

o Pumps, motor operated valves,: solenoid% Valves, fans, gas bottles,
dampers, unit coolers, etc. .

n All necessary process indicators and recorders (i.e., flow indicator,
temperature indicator, turbine speed indicator, pressure indicator,
level recorder)

o Power supplies or other electrical components that support
* operation of primary components ,(i.e., diesel generators,

switchgear, motor control centers, load centers, power supplies,
distribution pinels, etc.).

Secondary components are typically items found within the circuitry
for a primary component. These ,provide a supporting role to the
overall ,circuit function. Some secondary components may provide an
isola•foii function or a 'signal to a primary component via either an':interlock iga
interlok 'or input s pgal processor. Examples of secondary
cormponents include flow switches, pressure, switches, temperature
switchec, level ,qswitches, temperature elements, speed elements,
transmitters, cdhVerters, controllers, transducers, signal conditioners,
.hand switches, relays, fuses and various instrumentation devices.

Determine which equipment should be included on the Safe Shutdown
Equipment List (SSEL). As an option, include secondary components

with a primary component(s) that would be affected by fire damage to
the secondary component. By doing this, the SSEL can be kept to a
.manageable size and the equipment included on the SSEL can be

,readily related to required post-fire safe shutdown systems and
functions.

3.2.1.2 Assume that exposure fire damage to manual valves and piping does
not adversely impact their ability to perform their pressure boundary or
safe shutdown function (heat sensitive piping materials, including
tubing with brazed or soldered joints, are not included in this
assumption). Fire damage should be evaluated with respect to the
ability to manually open or close the valve should this be necessary as

li. , a part of the post-fire safe shutdown scenario.
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3.2.1.3 Assume that manual valves are in their normal position as shown on
P&IDs or in the plant operating procedures.

3.2.1.4 Assume that a check valve closes in the direction of potential flow
diversion and seats properly with sufficient leak tightness to prevent
flow diversion. Therefore, check valves do not adversely affect the
flow rate capability of the safe shutdown systems being used for
inventory control, decay heat removal, equipment cooling or other
related safe shutdown functions.

3.2.1-.5 Instruments (e.g., resistance temperature detectors, thermocouples,
pressure transmitters, and flow transmitters) are assumed to fall
upscale, midscale, or downscale as a result of fire damage, whichever
is worse. An instrument performing a control function is assumed to
provide an undesired signal to the control circuit.

3.2.1.6 Identify equipment that could spuriously operate or mal-operate and.
impact the performance of equipment onz a required safe shutdown
path during the equipment selection phase. Additionally, refer to
Chapter 4 for the Resolution Methodology for determining the Plant
Specific List of MS~s requiring evaluation.

3.2.1.7 Identify instrument tubiln•g that nmay cause subsequent effects on
instrument readings or signals as'a result of fire. Determine and
consider, the fire area' location of the instrument tubing when

,evaluatin- the effects offire damage to circuits and equipment in the
Sfire area.

3.2.2 Methodology for Equi ment Selection

Referto Figure 3-3 for a flowchart illustrating the various steps involved in
selecting safe shutdown equipment.

Use the following methodology to select the safe shutdown equipment for a
%. post-fire safe shutdown analysis:

3.2.2.1 Idenitify the System Flow Path for Each Shutdown Path

Mark up and annotate a P&ID to highlight the specific flow paths for each
system in support of each shutdown path. Refer to Attachment 2 for an example
of an annotated P&ID illustrating this concept.

3.2.2.2 Identify the Equipment in Each Safe Shutdown System Flow Path
Including Equipment That May Spuriously Operate and Affect System
Operation

Review the applicable 'documentation (e.g. P&IDs, electrical drawings,
instrument loop diagrams) to assure that all equipment in each system's flow
path has been identified. Assure that any equipment that could spuriously
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operate and adversely affect the desired system function(s) is also identified. If
additional systems are identified which are necessary for the operation of the
safe shutdownsystem under review, include these as systems required for safe
shutdown. Designate these new systems with the same safe shutdown path as
the primary safe shutdown system under review (Refer to Figure 3-1).

3.2.2.3 Develop a List of Safe Shutdown Equipment and Assign the Corresponding
System and Safe Shutdown Path(s) Designation to Each.

Prepare a table listing the equipment identified f6iA)Feach system and the
shutdown path that it supports. Identify any valxkes or other equipment that
could spuriously operate and impact the operatipn of that safe shutdown system.
Assign the safe shutdown path for the affected system to this equipment.
During the cable selection phase, identify additional equipment required to
support the safe shutdown function, of the path '(e.g., eeictrical distribution
system equipment). Include this aadditional equipment in the' 'safe shutdown
equipment list. Attachment 3 to this document provides an example of a
(SSEL). The SSEL identifies the list o1fequipmmnt,,witfiin the plant considered
for safe shutdown and it documents varilus eqipment-related attributes used in
the analysis. Tý

3.2.2.4 Identify Equipment InformnationRequired for tSe'afe Shutdown Analysis

Collect additional equipmentrelated iitnf6rmation ,necessary for performing the
post-fire safe shutdown analysis f1'r the "ýquipment. In order to facilitate the
analysis, •abulate this data for each piece ofequipment on the SSEL. Refer to
Attachminmt 3 to this document f6r an example of a SSEL. Examples of related
equipmcm data should include the equipment type, equipment description, safe
shutdown system, safe shutdown path, drawing reference, fire area, fire zone,
and room location of eqipiment.:'Other information such as the following may

4•,be useful in performing the' safe shutdown analysis: normal position, hot
S.. shutdown position, cold shutdown position, failed air position, failed electrical

position, high/low pressure interface concern, and spurious operation concern.

3.2.2.5 Identify Dependencies Between Equipment, Supporting Equipment, Safe
Shutdown Systems and Safe Shutdown Paths.

In'<the process of defining equipment and cables for safe shutdown, identify
additional supporting equipment such as electrical power and interlocked
equipment. As an aid in assessing identified impacts to safe shutdown, consider
modeling the dependency between equipment within each safe" shutdown path
either in a relational database or in the form of a Safe Shutdown Logic Diagram
(SSLD). Attachment 4 provides an example, of a SSLD that may be developed
to document these relationships.
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Step 2
Identify the system flow path

for each shutdown path. I

Step 3
Identify combinations of

equipment that satisfy each k
safe shutdown functionm I

Yes

Step 5
evelop a list of safe shutdov
equipment and assign the
corresponding system and

shutdown path(s).
Refer to Attachment 3

for an example of a
Safe Shutdown
Equipment List

Step 6
Identify equipment

information related to the
safe shutdown analysis.

Step 7
Identify dependencies

etween equipment, support
equipment, systems and

paths.
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3.3 SAFE SHUTDOWN CABLE SELECTION AND LOCATION

This section provides industry guidance on the recommended methodology and criteria
for selecting safe shutdown cables and determining their potential impact on equipment
required for achieving and maintaining safe shutdown of an operating nuclear power
plant for the condition of an exposure fire. The Appendix R safe shutdown cable
selection criteria are developed to ensure that all cables that could affect the proper
operation or that could cause the maloperation of safe shutdown equipment are
identified and that these cables are properly related to the safe shutdown equipment
whose functionality they could affect. Through this cable to-equipment relationship,
cables become part of the safe shutdown path assigned to the equipment affected by the
cable.

3.3.1 Criteria/Assumptions

To identify an impact to safe shutdown equipment based on cabhe routing, the
equipment must have cables that affect it identified. Carefully consider how
cables are related to safe shutdown eqiuipment so that impacts from these cables
can be properly assessed in terms of their-ultimate impact on safe shutdown
system equipment.

Consider the following critenia when selecting cables that impact safe shutdown
equipment:

3.3.1.1 The list of cables whosse failure could impact the operation of a piece
of safe shutdown equipment includes more than those cables

, connected to the equipment. The relationship between cable and
affected equipment is basedon a review of the electrical or elementary
\WirIng diagrams. To assure that all cables that could affect the
: operation of the(safe& shutdown equipment are identified, investigate
the poWLr, control, instrumentation, interlock, and equipment status
I .riidicatioi ciables related to the equipment. Review additional
schematic diagrams to identify additional cables for interlocked
circuits that:also need to be considered for their impact on the ability
of the equipment to operate as required in support of post-fire safe
shutdown. As an option, consider applying the screening criteria from
Section 3.5 as a part of this section. For an example of this see Section
31

3.3.1.2 In cases where the failure (including spurious operations) of a single
cable could impact more than one piece of safe shutdown equipment,
include the cable with each piece of safe shutdown equipment.

3.3.1.3 Electrical devices such as relays, switches and signal resistor units are
considered to be acceptable isolation devices. In the case of
instrument loops and electrical metering circuits, review the isolation
capabilities of the devices in the loop to determine that an acceptable
isolation device has been installed at each point where the loop must

39



NEI 00-01 Revision 2 - Draft
December 2007

be isolated so that a fault would not impact the performance-of the safe
shutdown instrument function. Refer to Section 3.5 for the types of
faults that should be considered when evaluating the acceptability of
the isolation device being credited.

3.3.1.4 Screen out cables for circuits that do not impact the safe shutdown
function of a component (i.e., annunciator circuits, space heater
circuits and computer input circuits) unless some reliance on these
circuits is necessary. However, they must be isolated from the
component's control scheme in such a waytfhat a cable fault would not
impact- the performance of the circuit. Refer to Section 3.5 for the
types of faults that should be considered when evaluating the
acceptability of the isolation device being credited..

3.3.1.5 For each circuit requiring power to perform its safe shutdown function,
identify the cable supplying powerto each safe shutdown and/or
required interlock componuln. niltially, identify only the p6wer cables
from the immediate upstream •power source for these interlocked
circuits and components (i.e., the closest power supply, load center or
motor control center). Review further the electrical distribution
system to capturethe remaining equipment from the electrical power
distribution system necessary to support delivery of power from either
the offsite power source or the emergency diesel generators (i.e., onsite
power source) to the safe shutdowvn equipment. Add this equipment to
t.. t safe shutdown equipment list. ,Evaluate the power cables for this
additionalequipment for associated circuits concerns.

3.3.1.6 Flhi&automiatic initiation logics for the credited post-fire safe shutdown
systems are generally not required to support safe shutdown.
Typically, each system, can be controlled manually by operator
actuation in the main control room or emergency control station. If
operator actions outside the MCR are necessary, those actions must
conform to the regulatory requirements on operator manual actions
(See Appendix E). However, if not protected from the effects of fire,
the fi•e-induced failure of automatic initiation logic circuits should be
considered for its potential to adversely affect any post-fire safe
•s•hutdown system function.

3.3.1.7Y Cabling for the electrical distribution system is a concern for those
breakers that feed associated circuits and are not fully coordinated with
upstream breakers. With respect to electrical distribution cabling, two
types of cable associations exist. For safe shutdown considerations,
the direct power feed to a primary safe shutdown component is
associated with the primary co'mponent. For example, the power feed
to a pump is necessary to support the pump. Similarly, the power feed
from the load center to an MCC supports the MCC. However, for
cases where sufficient branch-circuit coordination is not provided, the
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same cables discussed above would also support the power supply.
For example, the power feed to the pump discussed above would
support the bus from which it is fed because, for the case of a common
power source analysis, the concern is the loss of the upstream power
source and not the connected load. Similarly, the cable feeding the
MCC from the load center would also be necessary to support the load
center.

3.3.2 Associated Circuit Cables

Appendix R, Section III.G.2, requires that separation features be provided for
equipment and cables, including associated nonsafety circuits that could prevent
operation or cause maloperation due to hot sh6rts, op•fi~ircuits, or shorts to
ground, of redundant trains of systems necessary, to achieve'hot shutdown. The
three types of associated circuits were idntLified in Reference 6.1.5 and further
clarified in a NRC memorandum dated March 22, 1982 from R. NMattson to D.
Eisenhut. Reference 6.1.6. They are as1follws: -

o Spurious actuations -

0 Common power source
o Common enclosure.

Cables Whose Failure May Cuse Spurious Operations

Safe shutdown system spurious operation concermns can result from fire damage
to a cable whose failure could cause the spurious operation/mal-operation of
equipment whose operation could affect safe shutdown. These cables are
identified in Section 3.3.3 together with the remaining safe shutdown cables
required to ýSupppl' cohtrol and operation of the equipment. The circuit failure
ib critera contained in Appen•idix B is to be used with the Plant Unique List of
MSOs developed through the Resolution Methodology contained in Chapter 4.

Common Power Source Cables

iThe concern for the common power source associated circuits is the loss of a
safe shutdown power source due to inadequate breaker/fuse coordination. In the
case of a fire-induced cable failure on a non-safe shutdown load circuit supplied
from the safe shutdown power source, a lack of coordination between the
upstream supply breaker/fuse feeding the safe shutdown power source and the
load breaker/fuse supplying the non-safe shutdown faulted eircuit can result in
loss of the safe shutdown bus. This would result in the loss of power to the safe
shutdown equipment supplied from that power source preventing the safe
shutdown equipment from performing its required safe shutdown function.
Identify these cables together with the remaining safe shutdown cables required
to support control and operation of the equipment. Refer to Section 3.5.2.4 for
an acceptable methodology for analyzing the impact of these cables on post-fire
safe shutdown.
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Common Enclosure Cables

The concern with common enclosure associated circuits is fire damage to a
cable whose failure could propagate to other safe shutdown cables in the same
enclosure either because the circuit is not properly protected by an isolation
device (breaker/fuse) such that a fire-induced fault could result in ignition along
its length, or by the fire propagating along the cable and into an adjacent fire
area. This fire spread to an adjacent fire area could impact safe shutdown
equipment in that fire area, thereby resulting in a condition that exceeds the
criteria and assumptions of this methodology (i.e., multiple fires). Refer to
Section 3.5.2.5 for an acceptable methodology for analyzing the impact of these
cables on post-fire safe shutdown.

3.3.3 Methodology for Cable Selection and Location

Refer to Figure 3-4 for a flowchart= illustrating the various steps involved in
selecting the cables necessary for performing a post-fire safe shutdown analysis.

Use the following methodology to define theicables required for safe shutdown
including cables that may cause associated circuits concerns for a post-fire safe
shutdown analysis:

3.3.3.1 Identify Circuits Required fo4)r the Operation' of the Safe Shutdown
Equipment

For each piec (oif safe shutdo•pjequipment defined in section 3.2, review the
appropriate electrical diagrams.K including the following documentation to
idently• the circuits (power, control, instrumentation) required for operation or
whose failIue may impact the operation of each piece of equipment:

SinýS gle -hne]electrical ditgrans
7. Elementary wiring diagrams
[i Electrical connection diagrams
, Instrument loop diagrams.

,'iFor electrical power distribution equipment such as power supplies, identify any
circuits whose failure 'may cause a coordination concern for the bus under
evaluation.,,"

If poNwer is required for the equipment, include the closest upstream power
distribution source on the safe shutdowcn equipment list. Through the iterative
process described in Figures 3-2 and 3-3, include the additional upstream power
sources up to either the offsite or the emergency power source.
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3.3.3.2 Identify Interlocked Circuits and Cables Whose Spurious Operation or
Mal-operation Could Affect Shutdown

In reviewing each control circuit, investigate interlocks that may lead to
additional circuit schemes, cables and equipment. Assign to the equipment any
cables for interlocked circuits that can affect the equipment.

... : i •

6P
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Figure 3-4
Safe Shutdown Cable Selection

Step 1
Define safe shutdown equipment

Refer to Figure 3-3

I
Step 2

Identify circuits (power, control,
instrumentation) required for the operation

of each safe shutdown equipment. (*)..

I
Step 3

Identify equipment whose spurious
operation or mal-operation could affect

safe shutdown

I[
Step 4

Identify interlocked circuits and cables
whose failure may cause spurious

actuations. (*)

~K 9- ~No

Step 7
Assign cables to equipment.

Step 8
Identify routing of cables.

Step 9
Identify location of cables by fire area.

Step 6
Identify closest

upstream power supply
and verify that it is on

the safe shutdown list.

(*) For electrical distribution equipment including power
supplies, identify circuits whose failure may cause a
coordination concern for the bus under evaluation.
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While investigating the interlocked circuits,, additional equipment or power
sources may be discovered. Include these interlocked equipment or power
sources in the safe shutdown equipment list (refer to Figure 3-3) if they can
impact the operation of the equipment under consideration.

3.3.3.3 Assign Cables to the Safe Shutdown Equipment

Given the criteria/assumptions defined in Section 3.3.1, identify the cables
required to operate or that may result in maloperation of each piece of safe
shutdown equipment.

Tabulate the list of cables potentially affecting ceach' piece of equipment in a
relational database including the respective drawing numbers, their revision and
any interlocks that are investigated to determine~their imp•c•t on the operation of
the equipment. In certain cases, the same cable may support multiple pieces of
equipment. Relate the cables to each piece of equipment, but not necessarily to
each supporting secondary component.

If adequate coordination does not exist for a particular circuit, relate the power
cable to the power source.. This -will ensure that the power source is identified
as affected equipment in itic fire areas where the ýble may be damaged.

3.3.3.4 Identify Routing of Cables

Identify the routing for each' cable including all]'raceway and cable endpoints.
Typically, this information is obtained from Joining the list of safe shutdown
cables with an existing cable and raceway database.

3.3.3.5 Identify Location of Raceway and'Cables by Fire Area

Identify the fire aircýl location 'of each raceway and cable endpoint identified in
the pre•ious step and join this information with the cable routing data. In
addition; identify the location of field-routed cable by fire area. This produces a
database containing all of the cables requiring fire area analysis, their locations
by fire area, and their raceway.

-3.4 FIRE AREA ASSESSMENT AND COMPLIANCE STRATEGIES

By determining the location of each component and cable by fire area and using the
cable to equipment relationships described above, the affected safe shutdown
equipment in each fire area can be determined. Using the list of affected equipment in
each fire area, the impacts to safe shutdown systems, paths and functions can be

'determined. Based on an assessment of the number and types of these impacts, the
required safe shutdown path for each fire area can be determined. The specific impacts
to the selected safe shutdown path can be evaluated using the circuit analysis and
evaluation criteria contained in Section 3.5 of this document. For MSOs the Resolution
Methodology outlined in Section 4, Section 5, Appendix B and Appendix G should be
applied.
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Having identified all impacts to the required safe shutdown path in a particular fire
area, this section provides guidance on the techniques available for individually
mitigating the effects of each of the potential impacts.

3.4.1 , Criteria/Assumptions

The following criteria and assumptions apply when performing fire area
compliance assessment to mitigate the consequences of the circuit failures
identified in the previous sections for the required safe. shutdown path in each
fire area.

3.4.1.1 Assume only one fire in any single fire areaat a time.

3.4.1.2 Assume that the fire may affect all unprotectedjcbles and equipment
within the fire area. This assumesithat neither ttie'fire size nor the fire
intensity is known. This is conservative and bounds the exposure fire
that is required by the regulation.

3.4.1.3 Address all cable and equipm ent impacts'affecting the required safe
shutdown path in the fire area. All potential impacts within the fire
area must be addressed. The focus of this section is to determine and
assess the potential impacts to the ,required safe shutdown path
selected for achieving post-fire safe shutdown and to assure that the
required safe shutdown path for a given fire area is properly protected.

3.4.1.4 <se 'd perator manual actions where appropriate to achieve and
iimaintain post-fire safe shutdown conditions in accordance with NRCreuiremens.

3.4.1.5 Where appropriate to achieve and maintain cold shutdown within 72
hours, us- repairs to equipment required in support of post-fire
,shuttdown.,

3.4.1.6 Appendix Rcompliance requires that one train of systems necessary to
achieve and maintain hot shutdown conditions from either the control
room or emergency control station(s) is free of fire damage (III.G. 1a).
When cables or equipment, including associated circuits, are within the
same fire area outside primary containment and separation does not
already exist, provide one of the following means of separation for the
required safe shutdown path(s):

E[ Separation of cables and equipment and. associated nonsafety
circuits of redundant trains within the same fire area by a fire
barrier having a 3-hour rating (III.G.2.a)

o Separation of cables and equipment and associated nonsafety
circuits of redundant trains within the same fire area by a
horizontal distance of more than 20 feet with no intervening
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combustibles or fire hazards. In addition, fire detectors and an
automatic fire suppression system shall be installed in the fire area
(II1.G.2.b).

z Enclosure of cable and equipment and associated non-safety
circuits of one redundant train within a fire area in a fire barrier
having a one-hour rating. In addition, fire detectors and an
automatic fire suppression system shall be installed in the fire area
(III.G.2.c).

For fire areas inside non-inerted containmients, the following additional
options are also available:

Li Separation of cables and cquipment and associated nonsafety
circuits of redundant trains by a horizontal distance of more than
20 feet with no intervening <combustibles or fire hazards
(III.G.2.d);

o Installation of fire detectors and an automatic fire suppression
system in thei fire area (III.G.2.e),or

L[ Separation of cables and,, equipment :;and associated non-safety
circuits of redtrialnt triniby•. a noncombustible radiant energy

--shield (III.G.2.f).

Use exeiiptions, deviations and licensing change. processes to satisfy
the requirements mentioned; above and to demonstrate equivalency
depending upon the plant's license requirements.

3.4.i1.•7 Consider selecting other equipment that can perform the same safe
s.hutdowfin function as the impacted equipment. In addressing this
situation, each equipment impact, including spurious operation, is to
be addressed in accordance with regulatory requirements and the
NPP's current licensing basis.

3.4•.18 Consider the effects of the fire on the density of the fluid in instrument
tubing and any subsequent effects on instrument 'readings or signals
associated with the protected safe shutdown path in evaluating post-
fire safe shutdown capability. This can be done systematically or via
procedures such as Emergency Operating Procedures.

3,4.2 Methodology for Fire Area Assessment

Refer to Figure 3-5 for a flowchart illustrating the various steps involved in
performing a fire area assessment.
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Use the following methodology to assess the impact to safe shutdown and
demonstrate Appendix R compliance:

3.4.2.1 Identify the Affected Equipment by Fire Area

Identify the safe shutdown cables, equipment and systems located in each fire
area that may be potentially damaged by the fire. Provide this information in a
report format. The report may be sorted by fire area and by system in order to
understand the impact to each safe shutdown path within each fire area (see
Attachment 5 for an example of an Affected Equipment Report).

3.4.2.2 Determine the Shutdown Paths Least Impacted BN a Fire in Each Fire Area

Based on a review of the systems, equipment and cablcs within each fire area,
determine which shutdown paths are eitherIMCuaffected or least impacted by a
postulated fire within the fire area. Tyicallk the safe shutdown path with the
least number of cables and equipmeit in the fire area would be selected as the
required safe shutdown path. ',Consider the •circuit failure criteria and the
possible mitigating strategies, however, in selecthig the required-safe shutdown
path in a particular fire area. Review'support systems as a part of this
assessment since their availability will be important to the ability to achieve and
maintain safe shutdown. For example, impacts to the electric power distribution
system for a particular safe shutdown path could prcesj;nt a major impediment to
using a particular path for safe shutdown. By Identifying this early in the
assessment process, an unnecessary amount of time is not spent assessing
impacts to thtefrontline systems that will require this power to support their
operation.

Based on ,an assesment as described above, designate the required safe
shutdown path(s) f6'. the fire area. Identify all equipment not in the safe
shutdown path'ýxkhose spurious -operation or mal-operation could affect the
shutdown function. Include these cables in the shutdown function list. For each
of the safe shutdown cables (located in the fire area) that are part of the required
safe shutdown path in the fire area, perform an evaluation to determine the
impact of a ire-induced cable failure on the corresponding safe shutdown
equipment arid. ultimately, on the required safe shutdown path.

When evaluating the safe shutdown mode for a particular piece of equipment, it
is importint to consider the equipment's position for the specific safe shutdown
scenario for the full duration of the shutdown scenario. It is possible for a piece
of equipment to be in two different states depending on the shutdown scenario
or the stage of shutdown within a particular shutdown scenario. Document
information related to the normal and shutdown positions of equipment on the
safe shutdown equipment list.
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Figure 3-5
Fire Area Assessment Flowchart

Step 1
Identify and locate safe

shutdown cables by fire area.

Step 2
Determine the cables and

equipment affected in the fire area.
Ree oAtcmn

iFi

Step.3
Determine the shutdown path least impacted by
the fire in each fire area and designate it as-the

Required Safe Shutdown Path.

Step4
Determine the equipment impacts to the
Required Safe Shutdown Path using the

circuit failure criteria in Section 3.5.

4,
Step 5

Develop a compliance strategy or disposition to mitigate the
effects due to fire damage to each required equipment or

cable.

Step 6
Document the compliance strategy

or disposition determined to
mitigate the effects of the potential
fire damage to each equipment or

cable of the required safe
shutdown path. ,

Provide a qualified 3 hour fire barrier.
" Provide a 1 hour fire barrier with automatic suppression and

detection.
" Provide >20 ft separation with auto suppression & detection

& no intervening combustibles.
Re-design, Reroute or relocate the circuit/equipment.
Provide a procedural action. (Appendix E*)
Perform a repair for cold shutdown only.
Perform a Focused-scope Fire PRA for MSOs
Identify other equipment capable of performing the same
shutdown function.
Develop an exemption.
Develop a deviation.
Develop a GL 86-10 Fire Hazards Evaluation.*
Develop a fire protection change process.*

4
Refer to Attachment 6 for an

example of a Fire Area
Assessment Report

"* Seek regulatory approval where necessary
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3.4.2.3 Determine Safe Shutdown Equipment Impacts

Using the circuit analysis and evaluation criteria contained in Section 3.5 of this
document, determine the equipment that can impact safe shutdown and that can
potentially be impacted by a fire in the fire area, and what those possible
impacts are.

3.4.2.4 Develop a Compliance Strategy or Disposition to Mitigate the Effects Due
to Fire Damage to Each Required Component or Cable

The available deterministic methods for mitigating thl effects of circuit failures
are summarized as follows (see Figure 1-2):

ci Provide a qualified 3-fire rated barrier.
ci Provide a 1-hour fire rated barrierwith automatic suppression and detection.
ni Provide separation of 20 feet >orfgreater with automatic suppression and

detection and demonstrate that there ae no •intervening combustibles within
the 20 foot separation distance.

Ei Redesign, Reroute "or, relocate the circuit/equipment, Or perform other
modifications to resolvc'vulnerability.

Ei Provide a procedural action in accordance with'• ppendix E

Ei Perform a cold shutdown repairin accordance !with regulatory requirements.
o] Perform a Focused-scope FirePR A uspgithe methods of Chapter 5 for

MSOs.,:,:••

oi Identify other equipment not' affected by the fire capable of performing the
samer safe shutdown function.

o] Develop exemptions, deviatins,-, Generic Letter 86-10 evaluation or fire
protection desih'f clhange ev•al•tions with a licensing change process.

Additional optionsare available for non-inerted containments as described in 10
CFR 50 Appendix R1 sction III.G.2.d, e and f.

3.4:2.5,Document thelCompliance Strategy or Disposition Determined to Mitigate
the Effects DIW to Fire Damage to Each Required Component or Cable

Ass•gn 'comp:liance strategy statements or codes to components or cables to
identi•'fl4te justification or mitigating actions proposed for achieving safe
shutdown. The justification should address the cumulative effect of the actions
relied upon by the licensee to mitigate a fire in the area. Provide each piece of
safe shutdown equipment, equipment not in the path whose spurious operation
or mal-operation could affect safe shutdown, and/or cable for the required safe
shutdown path with a specific compliance strategy or disposition. Refer to
Attachment 6 for an example of a Fire Area Assessment Report documenting
each cable disposition.
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3.5 CIRCUIT ANALYSIS AND EVALUATION

This section on circuit analysis provides information on the potential impact of fire on
circuits used to monitor, control and power safe shutdown equipment. Applying the
circuit analysis criteria will lead to an understanding of how fire damage to the cables
may affect the ability to achieve and maintain post-fire safe shutdown in a particular
fire area. This section should be used in conjunction with Section 3.4, to evaluate the
potential fire-induced impacts that require mitigation.

Appendix R Section III.G.2 identifies the fire-induced circu1t failure types that are to be
evaluated for impact from exposure fires on safe shutdorix e quIpment. Section III.G.2
of Appendix R requires consideration of hot shorts, shorts-to-ground and open circuits.

3.5.1 Criteria/Assumptions

Apply the following criteria/assumptions when performing fire-induced circuit
failure evaluations.

3.5.1.1 Consider the following circuit failure'types on each conductor of each
unprotected safe shutdown cable to determine the potential impact of a
fire on the safe shuftdown equipment associated with that conductor.

o A hot short mayi result from a fire-induced insulation breakdown
between conductors of the same cable, a different cable or from
some other external source resulting in a compatible but undesired

- unpiiregsed voltage or signal on a specific conductor. A hot short may
--- cause a spurlous operation of safe shutdown equipment.

All •,open circuit may resuit from a fire-induced break in a conductor
. resultin in Mthe los's of circuit continuity. An open circuit may

-c prevenit the ability to control or power the affected equipment. An
open circuit may also result in a change of state for normally
ciiergized equipment. (e.g. [for BWRs] loss of power to the Main
Steam Isolation Valve (MSIV) solenoid valves due to an open circuit
wiiiresult in the closure of the MSIVs).

Fu A short-to-ground may result from a fire-induced breakdown, of a
vcable insulation system, resulting in the potential on the conductor
being applied to ground potential. A short-to-ground may have all of
the same effects as an open circuit and, in addition, a short-to-ground
may also cause an impact to the control circuit or power train of
which it is a part.

Consider the three types of circuit failures, identified above to occur
individually on each conductor of each safe shutdown cable on the
required safe shutdown path in the fire area.
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For the plant Specific List of MSOs use the circuit failure criteria
outlined in Appendix B.

3.5.1.2 Assume that circuit contacts are positioned (i.e., open or closed)
consistent with the normal mode/position of the safe shutdown
equipment as shown on the schematic drawings. The analyst must
consider the position of the safe shutdown equipment for each specific
shutdown scenario when determining the impact that fire damage to a
particular circuit may have on the operatioii of the safe shutdown
equipment.

3.5.1.3 Assume that circuit failure types resulting Wispurlous operations exist
until action has been taken to isolate the given circuit from the fire area,
or other actions have been takeiito negate the effects of circuit failure
that is causing the spurious operation. The fire is not assumed to
eventually clear the circuit fault. For MSOs the criteriai M pp•"endix B
of hot shorts clearing and goi0g, to ground within 20 milnutes may be
used.

3.5.1.4 When both trains, are in the same fire area outside of primary

containment, all cabl•s•!that do not meet the iseparation requirements of
Section I1I.G.2 are assumd :to fail in their worst case configuration.

3.5.2 Types of Circuit Failures .

Appendix R r'•qutres that nuclear power plants must be designed to prevent
exposr 'ICfires from defeating the ability to achieve and maintain post-fire safe
shutdown, Fire damage to circuits that provide control and power to equipment
on the required safe shutdown path and any other equipment whose spurious
operation/mal-operation could affect shutdown in each fire area must be
evaluated for the effects of a fire in that fire area. Only one fire at a time is
assumed to occur. The eextent of fire damage is assumed to be limited by the
boundaries> ofthe fire area. Given this set of conditions, it must be assured that
one redundant train of equipment capable of achieving hot shutdown is free of
-lire damage 1for fires in every plant location. To provide this assurance,

Appendix R requires that equipment and circuits required for safe shutdown be
freeoffire damage and that these circuits be designed for the fire-induced
effects of a hot short, short-to-ground, or an open circuit. With respect to the
electrical distribution system, the issue of breaker coordination must also be
addressed.

This section will discuss specific examples of each of the following types of
circuit failures:

ii Open circuit
] Short-to-ground
E] Hot short.
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Also, refer to Appendix B for the circuit failure criteria to be applied in
assessing the impact of the Plant Specific List of MSOs on post-fire safe
shutdown.

3.5.2.1 Circuit Failures Due to an Open Circuit

This section provides guidance for addressing the effects of an open circuit for
safe shutdown equipment. An open circuit is a fire-induced break in a
conductor resulting in the loss of circuit continuity An open circuit will
typically prevent the ability to control or power the affected equipment. An
open circuit can also result in a change of slite ~for normally energized
equipment. For example, a loss of power to the mimi;steam isolation valve
(MSIV) solenoid valves [for BWRs] due to an open clr-uiit will result in the
closure of the MSIV.

o Loss of electrical continuity rmay occur within a conductor resulting in de-
energizing the -circuit and causing aoss $of power to, or control of, the
required safe shutdown equipment.

ri In selected cases, a loss of electrical continuity may result in loss of power
to an interlocked relay pr other device. This loiss oi'f power may change the
state of the equipment. Evaluate this:to determine if equipment fails safe.

E[ Open circuit on a high voltage (e.g., 4.16 W) ammeter current transformer
(CT) circuitmay result in secondary damage.
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Figure 3.5.2-1 shows an open circuit on a grounded control circuit.

Figure 3.5.2-1
Open Circuit

(Grounded Control Circuit)

1=
Open Circuit

No. 1

Cable

0

0~

C:

0

~0

Control Switch F-
Energize to • Energize to
Open/Start Close/Stop

4 i

Grounded Circuit

Open circuit No.•:,

An open circult'a• t
equipment.

•1ocation No.lI will prevent operation of the subject

Open circuit No. 2:

An open circuit at location No. 2 will prevent opening/starting of the subject
equipment, but will not impact the ability to close/stop the equipment.

3.5.2.2 Circuit Failures Due to a Short-to-Ground

Thiss n provides guidance for addressing the effects of a short-to-ground
on circuits for safe shutdown equipment. A short-to-ground is a fire-induced
breakdown of a cable insulation system resulting in the potential on the
conductor being applied to ground potential. A short-to-ground can cause a loss
of power to or control of required safe shutdown equipment. In addition, a
short-to-ground may affect other equipment in the electrical power distribution
system in the cases where proper coordination does not exist.

Consider the following consequences in the post-fire safe shutdown analysis
when determining the effects of circuit failures related to shorts-to-ground:
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o A short to ground in a power or a control circuit may result in tripping one
or more isolation devices (i.e. breaker/fuse) and causing a loss of power to
or control of required safe shutdown equipment.

o In the case of certain energized equipment such as HVAC dampers, a loss of
control power may result in loss of .power to an interlocked relay or other
device that may cause one or more spurious operations.

Short-to-Ground on Grounded Circuits

Typically, in the case of a.grounded circuit, a shorl-lotground on any part of the
circuit would present a concern for tripping the circuit' isolation device thereby
causing a loss of control power.

Figure 3.5.2-2 illustrates how a short-to-ground fault may inipact a grounded
circuit.

Figure 3.5.2-2
Short-to-Ground

(Grounded Control Circuit)

Fuse (Typ.)

• Short-to-Ground -.. c Sic
No. 1

o No. Short-to-Ground 10

0

0 .Energize to Energize to
. ,Open/Start Close/Stop

_o ... .J

Grounded Circuit

Shortwto-ground No. 1:

A short-to-ground at location No. 1 will result in the control power fuse blowing
and a loss of power to the control circuit. This will result an inability to operate
the equipment using the control switch. Depending on the coordination
characteristics between the protective device on this circuit and upstream'
circuits, the power supply to other circuits could be affected.
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Short-to-ground No. 2:

A short-to-ground at ýlocation No. 2 will have no effect on the circuit until the
close/stop control switch is closed. Should this occur, the effect would be
identical to that for the short-to-ground at location No. 1 described above.
Should the open/start control switch be closed prior to closingýthe close/stop
control switch, the equipment will still be able to be opened/started.

Short-to-Ground on Ungrounded Circuits

In the case of an ungrounded circuit, postulating only a single short-to-ground
on any part of the circuit may not result in tripping thecircuit isolation device.
Another short-to-ground on the circuit or anotlhe circuit from the same source
would need to exist to cause a loss of control power to thecircuit.

Figure 3.5.2-3 illustrates how a shortto ground fault may impactLn ungrounded
circuit.

Figure 3.5.2-3
Short-to-Ground

(Ungrounded Control Circuit)

Shrtt-Goud - ".,,.... Control Switch
oo Short-to-Ground
0o No. 1na_ •.•,•'• Short-to-Ground .

Energize to Energize to
Open/Start Close/Stop

0)

•Short-to-Ground

•i~i •I - No. 3

Short-to-ground No. 1:

A short-to-ground at location No. 1 will result in the control power fuse blowing
and a loss of power to the control circuit if short-to-ground No. 3 also exists
either within the same circuit or on any other circuit fed from the same power
source. This will result in an inability to operate the equipment using the
control switch. Depending on the coordination characteristics between the
protective device on this circuit and upstream circuits, the power supply to other
circuits could be affected.
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Short-to-ground No. 2:

A short-to-ground at location No. 2 will have no effect on the circuit until the
close/stop control switch is closed. Should this occur, the effect would be
identical to that for the short-to-ground at location No. 1 described above.
Should the open/start control switch be closed prior to closing the close/stop
control switch, the equipment will still be able to be opened/started.

3.5.2.3 Circuit Failures Due to a Hot Short

This section provides guidance for analyzing the effectsý of a hot short on
circuits for required safe shutdown equipment. A hot short is defined as a fire-
induced insulation breakdown between conductors of the same cable, a different
cable or some other external source resulting ih.an undsiired impressed voltage
on a specific conductor. The potential effect of the undesired impressed voltage
would be to cause equipment to operate or fail to operate in an undesired
manner.

Consider the following specific circuit faIlures related to hot shorts as part of the
post-fire safe shutdown analysis:

o A hot short between an nerglzed conductor and a de-energized conductor
within the same cable may causeýa spurious opjeration of equipment. The
spuriously operated device (e g<Yrlay)' may-be interlocked with another
circuit that causes the spurliousoperation of other equipment. This type of
hot shortW is called an intracable hot short (also known as conductor-to-
conductor hotishort or an internal hot short).

o A hot short bem een> any external energized source such as an energized
conductor from ainother cable and a de-energized conductor may also cause

•a spurious operation of equipment. This is called an intercable hot short
(also known as cable-to-cable hot short/external hot short).

*i AHot Short:on Grounded Circuits

A short-to-gixund is another failure mode for a grounded control circuit. A
short2.to-ground as described above would result in de-energizing the 'circuit.
This'w uv d 'further reduce the likelihood for the circuit to change the state of the
equipmnt either from a control switch or due to a hot short. Nevertheless, a hot
short still needs to be considered. Figure 3.5.2-4 shows a typical grounded
control circuit that might be used for a motor-operated valve. However, the
protective devices and position indication lights that would normally be
included in the control circuit for a motor-operated valve have been omitted,
since these devices are not required to understand the concepts being explained
in this section. In the discussion provided below, it is assumed that a single fire
in a given fire area could cause any one of the hot shorts depicted.
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The following discussion describes how to address the impact of these
individual cable faults on the operation of the equipment controlled by this
circuit.

. .. . / ;
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Figure 3.5.2-4
Hot Short
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A hot short at this location would energize
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i-ot snort INO. 2:

A hot short at
undesired opeii,

A Hot Short on

thi,, location would energize
ngof imotor-operated valve.

Unirounded Circuits

-in the case of an ungrounded circuit, a single hot short may be sufficient to
cause a spurious operation. A single hot short can cause a spurious operation if
the hot short comes from a circuit from the positive leg of the same ungrounded
source as the affected circuit.

In reviewing each of these cases, the common denominator is that in every case,
the conductor in the circuit between the control switch and the start/stop coil
must be involved.

Figure 3.5.2-5 depicted below shows a typical ungrounded control circuit that
might be used for a motor-operated valve. However, the protective devices and
position indication lights that would normally be included in the control circuit
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for a motor-operated valve have been omitted, since these devices are not
required to understand the concepts being explained in this section.

In the discussion provided below, it is assumed that a single fire in a given fire
area could cause any one of the hot shorts depicted. The discussion provided
below describes how to address the impact of these cable faults on the operation
of the equipment controlled by this circuit.

Figure 3.5.2-5
Hot Short

(Ungrounded Control Circuit)
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0
c)
0

"0

Hot Short
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-- Open/Start Close/Stop

No. 1
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Hot short No. 1: i.

• IA hot short at tlis location ftui the same control power source would energize
the close relay ndiesult in the undesired closure of a motor operated valve.

Hot short No. 2:

A hot short at this location from the same control power source would energize
the open relay and result in the undesired opening of a motor operated valve.

3.5.2.4 Circuit Failures Due to Inadequate Circuit Coordination

The evaluation of associated circuits of a common power source consists of
verifying proper coordination between the supply breaker/fuse and the load
breakers/fuses for power sources that are required for safe shutdown. The
concern is that, for fire damage to a single power cable, lack of coordination
between the supply breaker/fuse and the load breakers/fuses can result in the
loss of power to a safe shutdown power source that is required to provide power
to safe shutdown equipment.
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For the example shown in Figure 3.5.2-6, the circuit powered from load breaker
4 supplies power to a non-safe shutdown pump. This circuit is damaged by fire
in the same fire area as the circuit providing power to from the Train B bus to
the Train B pump, which is redundant to the Train A pump.

To assure safe shutdown for a fire in this fire area, the damage to the non-safe
shutdown pump powered from load breaker 4 of the Train A bus cannot impact
the availability of the Train A pump, which is redundant to the Train B pump.
To assure that there is no impact to this Train A puniep due.to the associated
circuits' common power source breaker coordinatioqnissue-load breaker 4 must
be fully coordinated with the feeder breaker to tii c T raiLn A bus.

Figure 3.5.2-6
Common Power Source

(Breaker Coordination)
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__Breaker

T [ ý(Typ.)

1 2 3 4< _5
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-
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U

Fire Area Boundary
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A coordination study should demonstrate the coordination status for each
required common power source: For coordination to exist, the time-current
curve-s 1f6i the breakers, fuses and/or protective relaying must demonstrate that a
fault on the load circuits is isolated before tripping the upstream breaker that
supplies the bus. Furthermore, the available short circuit current on the load
circuit must be considered to ensure that coordination is demonstrated at the
maximum fault level.

The methodology for identifying potential associated circuits of a common
power source and evaluating circuit coordination cases of associated circuits on
a single circuit fault basis is as follows:
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o Identify the power sources required to supply power to safe shutdown
equipment.

o For each power source, identify the breaker/fuse ratings, types, trip settings
and coordination characteristics for the incoming source breaker supplying
the bus and the breakers/fuses feeding the loads supplied by the bus.

o For each power source, demonstrate proper circuit coordination using
acceptable industry methods.

i For power sources not properly coordinated, taluLbate by fire area the routing
of cables whose breaker/fuse is not properly coordinated with the supply
breaker/fuse. Evaluate the potential for disabling power to the bus in each
of the fire areas in which the associated circuit cables ot'concern are routed
and the power source is required for safe shutdown. Prepare a list of the
following information for each fire area:

* Cables of concern. ,
* Affected common power source and its path.
* Raceway in which the cable is enclosed. ,
* Sequence of the racex in the cable route.
* Fire zone/area in which the racevway is located.

For fire zones/areas in which the power ,uurce is disabled, the effects are
mitigated by appropriate methods.

o e ,anayd safe shutdown' circuit dispositions for the associated
circuitOf ,,con cables routed in an area of the same path as required by
tile powe COurce. <Evaluate adequate separation based upon the criteria in

•'>' .Appendix R, NGRC staff guidance, and plant licensing bases.

3.5.2.5 Circuit Failures Due to Common Enclosure Concerns

'The common enclosure associated circuit concern deals with the possibility of
causing secondary failures due to fire damage to a circuit either whose isolation
device fails to isolate the cable fault or protect the faulted cable from reaching
its ignition temperature, or the fire somehow propagates along the cable into
adjoining fire areas.
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The electrical circuit design for most plants provides proper circuit protection in
the form of circuit breakers, fuses and other devices that are designed to isolate
cable faults before ignition temperature is reached. Adequate electrical circuit
protection and cable sizing are included as part of the original plant electrical
design maintained as part of the design change process. Proper protection can
be verified by review of as-built drawings and change documentation. Review
the fire rated barrier and penetration designs that preýlude the propagation of
fire from one fire area to the next to demonstrate that adequate measures are in
place to alleviate fire propagation concerns.

41
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4' IDENTIFICATION AND TREATMENT OF MULTIPLE SPURIOUS

OPERATIONS

4.1 Introduction

The purpose of this section is to provide a methodology for addressiLig multiple fire- induced
circuit failures and multiple spurious operations by individual licciisees. This methodology
uses identification and analysis techniques similar to methods apphe)duWnder NEI 04-02 for
Risk-Informed Fire Protection, but does not include steps for self-issued change analysis as
allowed under NEI 04-02 and NFPA-805.

With NRC acceptance, the methodology presented In this document addresses multiple
spurious operations resulting from fire-induced circuit fAilures for safe shutdown iii accordance
with the requirements of 10 CFR 50 Appendix R, Sections II G. 1 and 2.

The basic philosophy behind this method is that the Fire Safe Shutdown Procedures and
associated Operator Actions should focus:onpotentially risk important scenarios. This agrees
with the philosophy as described in RIS 2004-03. To o,,satisfy the regulatory requirements for
spurious operation, all potential fire-induced spurioutsoperations must be identified and a
mitigating action must be developed for each.\This imitigiricy action may be an action taken
prior to the start of the fire evenit that precludes the. condition from occurring or as a post fire
action that mitigates the effects () the condition prior to it reaching an unrecoverable condition
relative to safe shutdown. The corresponding mitigating action for each potential spurious
operation must be known and this action must be capable of limiting the potential adverse
affects of the spurious operaition without reliance on any other equipment that is also
potentialaysusceptil eto a spurioous operation°-resulting from a fire in the same fire area.

If the procedures and actions are expanded to include very low risk scenarios, the operator
actions \&Iild become too complex, resulting in higher expected operator failures for the
important scenarios. By placing bounds in the number of scenarios that the procedures
address, this results in lower plant risk by ensuring optimal operator response for the potential
risk important seiiarios.

This philosophy is similar to the development of plant emergency operating procedures, where
low risk scenarios are'not included in the procedures while potentially high-risk scenarios are
addressed.

If a mitigating action is not taken for multiple spurious operations identified using the methods
described below, a regulatory submittal (Exemption/Deviation) must be developed. In order to
minimize the number of regulatory submittals, the method provided must limit the multiple
spurious operations to be consistent with RIS 2004-03 by concentrating identification on circuit
failures that have a relatively high likelihood of occurrence.

64



NEI 00-0 1 Revision 2 - Draft
December 2007

O Additionally, the methodology must provide a process for incorporating new information on
spurious operations that are determined to be likely to occur. This may include new
information gained from additional fire testing, or as a result of feedback from plants
implementing this)method (or NFPA 805).

The list of Generic Multiple Spurious Operations developed by the Owner's Groups and
required to be considered in conjunction with the information in this appendix are contained in
Appendix G. The types of circuit failures and the number of these types of circuit failures that
are to be considered in each circuit type are described in Appendix B.

This Appendix is intended to be used to address multiple spurious operations. The affects of
single spurious operations due to single fire induced circuit failure is to be addressed using the
methods in Chapter 3 of this document. The methods described in this chapter are not to be
used for addressing single spurious operations resulting fromsingle fire induced circuit
failures.

The process described below, including the generic MSO lists, do not artificially limit the
number of spurious operations or hot shorts included in each scenario considered. In some
cases, spurious operation of a specific component may re iuire multiple hot shorts. Depending
on the type of circuit involved, guidance o6the appropriate assumptions to be made relative to
this condition are contained in Appendix B.,4t is also intended that multiple hot shorts being
required should not result in any screening of MSOs from consideration prior to the inclusion
of the MSO combination in the Safe Shutdown analy§is.-The multiple hot shorts would be
considered when reviewing-the hot shorts against-tle cable criteria in Appendix B or in the
PRA calculations. .

Spurious operationiis~ tPhaiar as a result of shorts to Ground are considered for this guidance to
be the same as spurious operations due to hot shorts: Thus an MSO involving a single spurious
operation resulting ffron hoi ,,hort and anotherspurious operation resulting from a short to
ground i, to be evaluated under the criteria in this section.

4.2 Over.iew of the MSO Identification and Treatment Process

Figure 4-1 provides an overview of the MSO Identification and Treatment Process. Sections
4.3 to 4.5 below pro\vide a description of each of the steps in the figure.
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Figure 4.1 - Resolution Methodology
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4.3 Generic List of MSOs

Appendix G provides a list of generic scenarios to consider in a plant specific evaluation for
multiple spurious. The generic list of MSOs was developed from an industry survey of all US
plants. The survey asked the plants to "Describe the extent to which multiple hot shorts and
multiple spurious operations (MSOs) have been addressed for your facility in each of the
following areas:"

1) Licensing Basis Safe Shutdown Analysis

2) Assessments performed for NRC RIS 2004-03 usinLg NEL 04-06

3) Evaluations performed as a result of NRC Isections

4) MSO Expert Panel Reviews conducted f1rFI-re PRA1) or NFPA 805 •"

5) Other Instances where MSOs [Combined Eqjuipmeiit Impacts] with potential risk
significance been identified,(e.g. PRA Analysis lInternal Events Model, Fire PRA or
other source)

The results of the survey responses were tfen comlpledcinto a table4and the final list is a

composite list of applicable scenarios for each react0r•.yp..

'Although not all scenarios fr a reactor type areconsidered, applicable to every reactor, the list
is provided here as aninp)lt to the MSO identification and treatment process.

As can be seen from Figirc 4-1, generic Owner's Group analysis can be performed for a given
reactor type to disposition generic MSO scenarios. The generically dispositioned scenarios do
not need to be includedin the plant specific MSO list, provided an individual licensee performs
a review of the generic anralysis, verifies plant specific parameters bound those critical
paraieters used in the generic analyiy1s and obtain the concurrence of its plant specific Expert
Panel. The method and th critical parameters used for each generic analysis will vary,
depending on the MSO. These aspects of the generic analysis are not described further in this
document. Rfertgo each generic analysis for the required information. /

4.4 Plant Specific List of MSOs

The method described below provides steps to provide a more accurate and complete list of
MSO to be addressed in the plants SSA. This includes steps that both a) screen the generic list
of MSO scenarios that are not applicable to a plant and b) add new scenarios that are not listed
in the generic scenarios.
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4.4.1 Screening (deletion) of Generic MSO Scenarios

The screening of generic MSO scenarios can be performed to remove from consideration
scenarios not applicable for a given plant. The screening process involves the review of each
scenario in the generic list for applicability and disposition. Scenarios can be screened from
the plant specific MSO list, given the following:

1) Components identified in the scenario do not exist in the plant, and the scenario is
not applicable to similar components or systems, or

2) Specific plant design features (see additional comments below) make the scenario
either not possible, or does not fail the safe shutdown function.

Additionally, scenarios screened from the plant specific. MSO list should be reviewed with the
following considerations: "

A) If the design feature that makes Lteiscenario not possible for thiepiant
involves cable-routing, circuit design, electrical protection, or other similar
design feature, the scenario should not be screened from consideration at
this step. Similarly, if an operator action is in place that would prevent the
scenario, the scenariohshould not be screened at this step. The process for
these scenarios would be t6 include the scenario irn the MSO list, and to use
the design feature as a disposition for the MSO.

B) Documefintation that the scenario does not fail the safe shutdown function
should' be based•on the original Safe Shutdown Analysis assumptions. If
specific analysis is performed to show the MSO doesn't fail the function,
thenithe iMSO should be included in the plant specific MSO list, and the
analysis usedin the dispositioinof the MSO.

For item A) iabove theigeneral concept is that if the design feature can possibly change as a
result of a design change, the MSO needs to be included in the site specific MSO list. This
would ensure that changes¢ to ithe design would be reviewed against the MSO to ensure the
MSO renains not possible a,, changes are made to the plant over the course of time. For item
B) it is intended that whatever is credited in the original SSA, this is carried forward to-the
MSO list. For example, if there are two injection trains credited for all "A" train fire areas, and
an MSO fails only one of the two trains, then the MSO can be screened at this point. In this
example, however, the post-fire safe shutdown analysis must be revised to make it clear that
only a single injection train is credited in all "A" train fire areas. Another example would be a
scenario that drains a water supply tank into the containment sump, and analysis is performed
to show the water can be provided from the sump to an injection pump. In this example, if the
sump flow path was not in the original SSA, the MSO should not be screened.
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Panel. One alternative to the initial screening of generic MSOs is to perform the screening
during the expert panel process. This can be done simultaneous to the expert panel exploration
of new MSO scenarios, either plant specific or similar to the screened MSO. Documentation of
screened MSOs would be required, with performed with the initial screening or by the expert
panel.

4.4.2 Plant Specific Additions to MSO list

An Expert Panel Review of the MSO list determines plant Specific AZditions. The additions

can come from a number of sources, including:

1) MSOs resulting from review of the existing Safe Shutdown Analysis

2) MSOs resulting from review of the PRAensitivity runs or results

3) MSOs identified by the Expert Panel

The first two inputs are as a result of preparatory work for the Expert Panel review. These
preparatory steps and the performance of the Expert Panel process are described in the
following sections.

4.4.2.1 Review of Existing Safe Shutdown Analysis

As an input to the Expert Panel process, a list of the existing SSA spurious operations
components and scenarios should be developed. Much of the information for this list is already
available in SSA supporting docuniments, but may not be in a form to support external review or
an expert panel. This list shouldprovi'de both a description of the scenario of concern and the
disposition of the scenario in the SSA. Manual Operator Actions associated with any
disposition should also be docuniented, including documentation of feasibility criteria (timing,
etc.,). Key to the documentation aren any assumptions made for the SSA, since these
assumptions may not be valid for multiple spurious operations scenarios. Both generic and
scenario specific assumptions should be documented as an input to the expert panel review.

Scenarios that are d spositiotned as not needing operator manual action (or other compliance
strategies), due to the presence of additional components down stream of the initial component,
should be reviewed by the expert panel in detail. Pre-identification of these scenarios as
additions to the MSO list should be performed. For example, if a diversion includes two
MOVs, and the first MOV is dispositioned as not a concern due to the presence of the second
MOV, then the expert panel should consider spurious operation of both MOVs as a potential
multiple spurious operation scenario. Similarly, if a non~post-fire safe shutdown credited
pump start is not a concern due to a closed discharge MOV/AOV, then the expert panel should
consider the scenario (Pump spuriously starts and valve spuriously opens).

I.
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Similarly, for a post-fire safe. shutdown credited pump start with a normally open minimum
flow valve, then the expert panel should consider the scenario (Pump spuriously starts and the
minimum flow valve spuriously closes).

Scenarios where positive operator action is taken where both single and multiple spurious
operations are addressed may need to be considered further. The scenario would need to be
reviewed for the effect on timing and operator action feasibility to ensure no further review is
required. For example, if operator action on a flow path is determined to have 20 minutes prior
to reaching an unrecoverable state, but a second spurious can change the timing to 10 minutes,
then a review by the expert panel is needed. This timing issue is especially critical for spurious
pump operation. For example, for PWR SG overfeed or for the piessurizer going solid, the
timing for single pump spurious start/run can be much different that x1ihen 2 or 3 pumps
start/run, and the credited operator action may not be completed in tirmcfr the MSO.

An Example SSA Results Table is provided in Table t below. Notice that in tli'e. table, there
are several examples where Expert Panel Consideration. will be required. For example, for
MOV-1, the expert panel will need to consider the timing in Table, 2 to see if additional
spurious operations will result in failure of the feasibility criteria. For MOV-2, the credited
disposition is the use of another valve, MOV-3. If the same fire can damage this MOV-3, then
a multiple spurious scenario may result. MOV-4 is likely to not be a concern for multiple
spurious scenarios, unless it can be involved in scenarios where a hot standby results. In this
case, it could affect the timing of an existing scenario or result in a new scenario being
introduced.

Table 1 (example)
Existing SSASpuriluOsU•perations Components and Scenarios

Compotiiiife ,: Scenario Disposition Reference for
.. Disposition

%].iMOV-1 S 1 Lp)IS ()pening Local Operator Table 2, Manual
. Results in Manual Action Actions Feasibility

SExcess Letdown per procedure OP-3 table

MOV-2 Spui'rious Closure results Use of second Procedure OP-3,
in a loss of injection injection valve, step 17

MOV-3
MOV-4 Spurious Closure will Manual Action per Table 2, Manual

result in failure of procedure OP-3 Actions Feasibility
letdown. This will table

result in the inability to
achieve cold shutdown

in 72 hours
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4.4.2.2 PRA Input to the Plant Specific MSO List

A review of PRA results should be performed in preparation for the expert panel
review. If this PRA review was provided as a part of the development of the generic
MSO list, this step may not be necessary, depending on the completeness of the
information provided for the generic MSO list, and whether item 3 below (new accident
sequence review) was performed as input to the generic MSO list.

PRA input to the Expert Panel Review (below) can include ainumiber of inputs,
depending on the status and completeness of the PRA andF Ire PRA effort. Appendix F
includes a broad discussion of PRA reviews that can berfolried, including the
following: •,

1) Cutset or Sequence Review - a reviyew of cutsets sorted by pr#obability or
order to indicate where fire-induced damage can result in a potenti'ally high-
risk sequence. Cutsets can also be aniapulated by setting basic events
representing fire-induced spurious operation (e.j., fail to remain open or
closed) to 1.0 and resort the cutsets. This review should result in an
identification of spunous operation failure modes (fail to remain opened or
closed) with a high Risk •chievement Worth or F-V importance.

2) Resolve the model, by assuming a fire-induced initiating event has occurred
(ReactorTrip, Loss of Offsite ,Power) aindspiurious operation events are set
to 1.0, Mcluding (but not limited to)':

. MOV spuriously open or close
M AOV spuriously open or close

,0 PORV1.spurious'1open or close
. Spurious actuation of automatic actuation signals

3) Review of possible new Fire-Induced Accident Sequences. This would
include a review similar to that performed in preparation for a Fire PRA
-model de vlopment, where fire damage or the performance of operator
actions following a fire are assumed, and any accident sequences not already
included in the PRA are identified. Details of this review are provided in
.. ttachment H.

The above PRA reviews do not include a complete list of sensitivity studies or analysis that can
be performed using an existing PRA. In addition, a simple review of risk importance
measures, especially Risk Achievement Worth (RAW) of spurious operations, would be useful.

For Event tree linking models Fussel-Vesely and Risk Achievement Worth of individual basic
events representing spurious actuations can be calculated in a similar manner to that performed
for fault tree linking models. However the process of identifying potentially risk significant
multiple spurious actuations is slightly more involved with a linked event tree model due to the
lack of sequence cutsets. In this case the spurious actuation basic events are set to 1.0 and the
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sequences (combinations of split fractions leading to core damage) are resolved. The new set
of dominant sequences should then be compared with those derived from the base case
quantification to identify those sequences that have risen significantly in value. This is
followed by an investigation of the cutsets associated with those split fractions which
contribute to the inflated sequence values to identify spurious and multiple spurious actuation
combinations.

If a full Fire PRA is available, then the results of the Fire PRA can be used as a direct input to
the Expert Panel Review (or directly to the Safe Shutdown Analysis, if expert panel review is
determined to be not needed for important scenarios). In this case; the following should be
included in the safe shutdown analysis:

- 1) Components whose spurious operation in combinati•n with other
components results in a risk for the combination (including aill cutsets for all
fire areas/scenarios) is above 1E •6/year CDF or 1E-07/yea rLERF, prior to
the performance of post-fire oper"ator actions.

2) Single spurious operations, where direct core damage would occur when
fire-induced damagepof other components in the scenario occurs, and post-

fire operator action' is.i..sumed failed.

The output from any PRA review should b&eassessed and summarized. The results of this
assessment will be provided to the expert panel for additional •iconsiderations.

4.4.2.3 Expert Panel Identification of MSO New Scenarios

The Expert Panel Reviewý isperformce to systematically and completely review all spurious
and MSO scenarios and determine whethleror not each individual scenario is to be included or
excluded from the plaiit specific•listof multiple spurious operations to be considered in the
plant specific post-fire safe Lshutdow franalysis. Input to the Expert Panel is provided from a
numrberof sources discussed above,. rulting in a comprehensive review of spurious operation
scenarios.i ,

NEI 04-06, Appendix A prov Ides the scope of circuits to be reviewed, including specific
examples of circu~it combinations to be included in a review. For example, A-2.1.2.2.1
includes specific PWR examples to be reviewed. These examples should be reviewed in 'detail
by the expert panel todetermine scenarios to be review further.

Prior to performing the expert panel review, the following is performed in preparation:

1) Provide to the expert panel, the results of the SSA and PRA performed above.

2) Provide to the expert panel the generic MSO list and any plant specific review of
this list.
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3) Provide training to the expert panel.

If the expert panel is held over a several day period, and substitute expert panel members are
used, substitute members should also be provided the above information and training prior to
participating.

The expert panel as used for the review of MSOs, results in a list of potential MSO that
supplements the previously screened generic MSO list. Scenarios identified by the expert
panel that should be considered in the SSA are documented and added to the generic MSO list
for disposition using the process described in 4.5 below.

As discussed in Appendix F, complete documentation of the expert p•anel review for new
MSOs is-important. This documentation should include details.of the new MSOs to be
considered, as well as possible MSO scenarios that were no't considered for treatment under the
SSA and the reasoning for not recommending them for consideration. See appendix F for
further discussion on documentation of the process,straining and results. .

4.4.3 Expert Panel Review of MSO List Deletions

The MSO Expert Panel will review all re•ommended deletions of the generic MSO list. In this
review, the expert panel will perform the following functions:

1) Review the justification for deletion. Enfiisr thejustification follows the guidance
above in 4.4. 1, anithe justification is adequate.

2) Discuss the poss addition of alternate and similar MSO scenarios applicable for
the plant.

The expert panel review of thiedeletions should be documented in a report and retained in
support of the MSOrevewproces. Refer to Appendix F for additional guidance on the
Expert Panel review.

4.5 Addressing the Plant Specific List of MSOs

4.5.1 Cable Selection &Association for Each Component in an MSO

Components that are niot already included in the base SSA are added to the Safe Shutdown
Equipment list and analyzed in the same manner as other components in that list. The
approach outlined in Section 3.3 can be used to determine the cables associated with each
component in an MSO combination. Cables are associated with MSO components in the same
manner as they are associated with any other safe shutdown component.

I.
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4.5.2 Fire Area Assessment and Compliance Strategies for MSOs

Impacts to specific MSOs are assessed on a fire area basis in the same manner as other impacts
to post-fire safe shutdown components. Each component in an MSO combination is assigned
to a safe shutdown path. If the individual safe shutdowri component's safe shutdown path
association is different than the safe shutdown path associated with the component when
assessed as part of an MSO, then the additional safe shutdown path(s),issociated with the MSO
must also be assigned to each component in that MSO. If all compoiients associated with a
particular safe shutdown path are located in a common fire area wvhcre they have the potential,
if damaged by a fire, to impact the required safe shutdown path for thatofir area, then a
mitigating strategy must be provided for the MSO.

Mitigation strategies applicable to MSOs include the f0olowinig in addition to the traditional
mitigation strategies described in Section 3.4.2.4:

1) Disposition based on consideration of Circuit Failure Criteria.

2) Disposition based on Fire Modeling

3) Disposition based on a FocusetdS-cp•e Fire PRA

Several considerations may affect the disposition method chosen for an MSO. First, the least
expensive method for dispositioning an MSO may •be the trfaditional compliance strategy, such
as a design change or use of an approved operator manual action. If the PRA or Fire Modeling
analysis takes more resources to perform than fixing the design or adding a simple operator
manual action, then cost may dictate the approach used. If an approved operator manual action
is used, however, considerntion of the effect of this operator manual action on other fire
response operator manual actions should be considered. For example, if the addition of a new
operator manual action means the fire response procedure is more difficult, then the existing
actions may become less reliable. Inh this case, the addition of the operator manual action mayincre&aseoverall risk rather than reducing risk as intended.

This balance is to be consideired prior to selecting a mitigating strategy that relies upon
operator manualaction.

4.5.2.1 Mitigation through Consideration of Circuit Failure Criteria

Circuit failure criteriai applicable to MSOs is contained in Appendix B. When evaluating the
impact of an MSO on a particular fire area, the circuit failure types for the circuit types
contained in Appendix B should be considered. Using the circuit failure criteria, MSOs should
be considered as potential "combined equipment impacts". Stated differently, if any of the fire
induced circuit failure as described in Appendix B can cause an impact to the group of
components in the MSO, this must be evaluated. For example, if the listed MSO were the
failure of the block valve to close in conjunction with a spurious opening of a PORV, the block
valve would need to be evaluated for circuit failure types that could prevent closure of the
block valve, (i.e. a short-to-ground causing a loss of control power or an open circuit causing a
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O los of circuit continuity). Similarly, if an immediate action to close the block valve at the start
of the fire we credited and, if a hot short could subsequently spuriously open theblock valve in
the same fire area where another hot short could cause the spurious opening of the PORV, then
this condition also needs to be addressed.

If all potential fire-induced circuit failures outlined in Appendix B are addressed and, if none
leads to all components in the MSO being damaged in a manner that impacts the required post-
fire safe shutdown path, then the MSO is dispositioned on the basis of circuit analysis.

If mitigation by the use of circuit analysis is not possible, then another means of mitigation,
either one of the traditional means described in Section 3.4.2.4 or one of the means listed
below, must be developed. If either of the means listed below is used as the mitigating strategy
for the MSO, then review and acceptance of the disposition by the Expe anel is required.

4.5.2.2 Fire Modeling Disposition

Licensees currently perform qualitative, fire ignition, fire spread, and fire damage analysis as a
part of fire hazard analyses, engineering equivalency evaluations, deviation requests and/or
exemption requests, as appropriate. Use of industry accepted Fire Modeling Programs will
serve as an upgrade to this current practice. As an alternative to obtaining NRC review and
concurrence for these types of equivalency evaluations, the Resolution Methodology proposes
an additional enhancement to the equivalency evaluation process by the introduction of an

* Expert Panel review and concurrence for those instances where fire modeling is used to
disposition an identified MSO Impact.

Fire Modeling used during for t'•icdisposition of MSOs must be performed consistent with the
methods described in NUREG/CR-6850, using verified fire models as described in NUREG-
1824. Additionally, process improvements developed for NFPA-805 applications will be
incorporated, as applicable.

When selecting a fire size for the analysis, the 98% upper bound of the fire size should be used.
Additionally, the location of the fire&would include consideration of the pinch points for the
cables, possible ignition of s#econdary combustibles, etc. For transient combustibles, any
location within the plant shoH It be considered unless it is physically impossible

4.5.2.3 Fire PRA Disposition

Disposition using a Focused-Scope Fire PRA is performed using Chapter 5, Risk Significant
Screening.

4.5.3 Expert Panel Review of MSO Disposition

As can be seen from Figure 4-1 above, MSOs dispositioned using the methods described in
3.4.2 or using the circuit failure criteria from Appendix B as explained above do not need to be

* reviewed by the Expert Panel. All other methods of disposition, however, need to be reviewed
by the Expert Panel.
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In this review, the Expert Panel will review the disposition for adequacy, as well as take into
account additional deterministic factors. This review includes:

1) Review the justification for deletion. Ensure the justification follows the guidance
above (or in Chapter 5), and the justification is adequate.

2) Discuss the possible alternative dispositions for the MSO scenario, including
traditional compliance methods discussed in 3.4,2.

The review in item 2 should include the uncertainty/sensitivity of the evaluation being
performed, the effect the traditional compliance strategy would haye on other MSOs or
spurious operations, the cumulative effect of spurious operation,, and fire risk in the area, and
other factors the Expert Panel determines are important.

The review of the disposition of an MSO using Fire PRA will vary slightly between the MSO
using a focused-scope Fire PRA and a Full Fire PRA. With a full Fire PRA, the analysis of a
compartment or area will include analysis of all potentially important fire scenarios. The
expert panel should become familiar with the general compartment/area results, and the
characteristics of the area that affect both overall risk and the risk for the MSO. These
characteristics should be consistent, and given they are consistent, the expert panel review of
the MSO analysis is somewhat simpler. With a Focused-scope Fire PRA, the expert panel will
need to ensure that the characteristics affecting the MSO analysis are consistently and
accurately applied. The sensitivity and uncertainty analysis should include the affects of
assumptions made for the fire characteristics, including basic actors such as fire size
assumptions, non-suppression probabilities, etc.'

Refer to Appendix Ffo •additional guidance on the Expert Panel review.

4.5.4 Feedback to the Generic MSO List.

As this and other MSOQ methods are implemented (e.g., implementation of NFPA 805), the
MSQ list is expected to grow. For the method above; the following criteria should be used to
determine if any new MSO should be added to the generic MSO list:

a. Any new MSO not on the generic list,

b. KThe MSO does not screen using the'conservative screening in Chapter 5
(i"e., requires detailed Fire PRA to determine the risk), or is not analyzed
using Fire PRA resulting in a compliance strategy being applied.

Any new MSO meeting the above criteria should be provided to NEI and the respective
Owner's Group. NEI will then screen the MSO, resulting in an updated generic MSO list.
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4.6 Documentation

Documentation should be included in the Fire Area Assessment, as discussed in 3.4.2.5 above.
The Fire Area Assessment may refer to additional analysis supporting the disposition such as
the PRA or Fire Modeling Analysis.

/ii!
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5 RISK SIGNIFICANCE ANALYSIS

This section provides a method for determining the risk significance of identified fire
induced circuit failure component combinations (MSOs) to address the risk significance
of the current circuit failure issues.

Section 5.2 focuses on the preliminary screening of these circuit f[ i'lures to determine if
more detailed analysis methods are warranted. Section '5.3 provides a quantitative
method for evaluating the risk significance of ident lfiedcomponent combinations.
Section 5.4 covers integrated decision making •f6r the risky analysis, including
consideration of safety margins and defense-in-depth considerations:>.

I Fire-induced circuit failure combination is identified (Section 5.1)

IPerform pre-screening (Section 5.2). Perform safety margins and
defense-in-depth analysis (Section 5.4.1) for any component
combinations that screen out.

I
Identify the circuits and routing affecting the component
combination of conc ern (Section 3)

IEvaluate the risk significance of the component combination of
concern (Section 5.3). I
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5.1 COMPONENT COMBINATION IDENTIFICATION

5.1.1 Consideration of Consequences

This first step limits consideration to component combinations whose
maloperation could result in loss of a key safety function, or in immediate,
direct, and unrecoverable consequences comparable to high/low pressure
interface failures. The component combinations identified in Chapter 4 above,
would initially be reviewed to ensure that the MSO scenario results in a
consequence of concern. If the MSOscenariý6 does notresult in one of the
above consequences, the MSO may be qualitatively screened aslow risk. This
review must take into account all possible fire-induced failures, and the overall
affect of the MSO on the plant risk.

5.1.2 Selection of MSO Scenarios to be Analyzed"

The purpose of this review is to ensure the proper risk is assessed for the
possible component combimations prior to screening a combination for
consideration. Given an MSO corribination is prqovided, this combination will
result in one or more PRA scenario of imterest. The MSO scenario may need
further definition at this pofnt, including identification of additional fire-
damaged components, timing isques, etc. Timing issues may include details
such as coomponeiii A would need to spuriously operate before component B for
the scenarioto affect safe shutdown.

5.2 ?RELIMINARY SCREENING

The "risk screening tool" presýenited here is taken directly from Reference 7.4.43. It is
the result of the NRC's effort to develop this method. Adapted from NEI 00-01 Rev 0
[Ref 7•.4.46], it is relatively simple, based on measures readily available from the FP
SDP [Ref.7.4.45], but conservative in that credits are limited to ensure the likelihood of
"screening Out" a circuit issue that could be of greater-than-very-low-risk-significance
is minimized. Examples of this conservatism include use of generic fire frequencies
based on fire zone or major components; treatment of potentially independent spurious
actuations as dependent (i.e., no multiplication of more than two probabilities);
crediting of manual suppression in a fire zone only if detection is present there; and
choice of the most stringent screening criterion from Ref. 7.4.46. Note that none of the
"additional considerations" among the screening factors below is permitted to introduce
a factor <0.01 as a multiplier.

5.2.1 Screening Factors

The following screening factors are used.
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5.2.1.1 Fire Frequency (F)

Table 1.4.2 of the FP SDP [Ref. 7.4.45] (modified here as Table 4-5 for use in
the subsequent example application) and Table 4-3 of EPRI-1003111 [Ref.
7.4.44] list the mean fire frequencies at power by plant location and ignition
source. The frequencies are characteristic of a fire occurring anywhere within
the location. The mean fire frequencies by location range from a minimum of
-0.001/yr (Cable Spreading Room in Ref. 7.4.45; Battery Room in Ref. 7.4.44)
to maximum of -0.1/yr (Boiling Water Reactor Building in Ref. 674.45;
Turbine Building in both Ref.7.4.44 and Ref. 7.4.45) • Thise values used in Ref.
7.4.44 and Ref. 7.4.45 eliminate fire events judged to be "non-challenging."
Considering uncertainties in their probability distributions (somewhat reflected
in the two-sided 90% upper and lower confidence bounds in Ref. 7.4.44), the
following ranges for fire frequencies are used:

* HIGH, >0.03/yr but <l/yr

* MEDIUM, >0.003/yr but <0.03/yr

* LOW, <0.003/yr l..,

5.2.1.2 Probability of Spurious Actuation (P)

Table 2.8.3 of the Ref. 7.4.45 (modified here as Table 5-6 for use in the
subsequent example application) and 'Tables 7.1 and 7.2 of Ref. 7.4.40 provide
point estimates for the probability of spurious actuation ranging from a
minimum of "virtually impossible" (armored inter-cable interactions in Ref
7.4.145; armored thei oset inter-cable interactions in Ref. 7.4.40) to a maximum
approaching 1.0 ("rio available infrmnation about cable type or current limiting
devices" in Ref. 7.4.45; any intra-cable short in Ref: 7.4.40). Ref. 7.4.40 also

jprovides ranges for these estimates. The lowest non-zero values are 0.01 for "in-
conduit.tter-calonly" in Ref. 7.4.45 and 0.002 for the "high confidence
range" onr intra-cabt&, arnibred thermoset with fuses in Ref. 7.4.40.

NRC Regulatory Issue Summary 2004-03 [Ref. 6.6.1] states that "for cases
,. involving the potential damage of more than one multiconductor cable, a
maximum of ;two cables should be assumed to be damaged concurrently".
Therefore, no more than two multiple spurious actuations within separate cables
are assumed to be independent when calculating the probability P, i.e., no more
than two of the spurious actuation probabilities in Ref. 7.4.40 or Ref. 7.4.45
should be multiplied together. Consideration of this conservative assumption
and the ranges cited in these reports suggests the following ranges for
probability of spurious actuation:

* HIGH, >0.3 but <1

0 MEDIUM, >0.03 but <0.3
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* LOW, >0.003 but <0.03

* VERY LOW, <0.003

Multiplying F and P over their respective ranges yields the maxima shown in
Table 5-1 for the pairings F*P.

5.2.1.3 Additional Considerations

The F*P pairings represent the frequency of a fire-induced spurious actuation of
a component combination. Core damage will occur only if (1) the fire is
localized and severe enough to induce spurious ,actUation; (2) the fire is not
suppressed prior to inducing the spurious actuation; and (3) other non-fire
related contingencies, including human actions and equipment operation, are
unsuccessful. Thus, for core danimge to occur, there 'must also be a
"challenging" fire; failure to suppress the fire prior to the spurious actuation;
and failure to avoid core damage via non-fire means, represeriitd by the
conditional core damage probability (CDP). The number _uf potentially
vulnerable locations (zones) addresses possible variation in the screening
threshold frequency depending upon the number of zones that the equipment
traverses where there is a potential for fire damage.

5.2.1.4 Challenging Fire (G)

Fires can vary in magnitude, rangimg from small, essentially self-extinguishing,
electricalreliy 1fires to complietc combustion of an entire compartment. To
estimate liow cihalnging a fire could be for screening purposes, we consider
the larges't fire source in the zono:and combustible type. Ref. 7.4.45 specifies
categoriý (bins) foriboth fire type and size.4 The factor (G), independent from
the fire fretlUCy; f)o- a chl1lenging fire is based on combustible type.

Table 2.1 oft the Ref 7.4.45 (modified here as 5-7 for use in the subsequent
example"ap&plication)•assigns both 50th and 95th percentile fires for various
combustible, o fire size bins ranging from heat release rates of 70 kW to 10
M Fires Wnthe 70 kW-200 kW range are considered small; 200 kW-650 kW

Pmoderate; and >650 kW large. Typically, some train separation is built into
plant designs in accordance with NRC Regulatory Guide 1.75 [Ref. 7.4.50].
Therefre, small fires are not likely to damage separated trains. Although
moderate tires are more damaging, some credit for train separation can still be
expected.

Based on the above, for small or moderate size fires that are not expected to be
challenging, such as small electrical fires, a factor of 0.01 is applied. For
moderate severity fires, including larger electrical fires, a factor of 0.1 is

Room size and other spatial factors also influence how challenging a fire can be. However, we do not
consider these for screening purposes.
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applied. For large fires, including those from oil-filled transformers or very
large fire sources, the factor is 1.

5.2.1.5 Fire Suppression (S)

Both automatic and manual fire suppression (including detection by automatic
or manual means) are creditable. It is assumed that automatic is preferred and a
more reliable suppressor than manual, suggesting a non-suppression probability
of 0.01 for automatic and 0.1 for manual.5 If automatic can be credited, then
manual'will not. Manual will only be credited if automatic cannot. Thus, the
product F*P will be reduced by a factor of either 0.01 (if automatic suppression
is creditable) or 0.1 (if automatic suppression is not creditable, but manual is). 6

Both, implying a reduction by 0.001, willneverc'•hc credited. Thus, the
maximum reduction in the product F*P that can be achieved through
consideration of fire suppression is 0.06 .

Note the following exception. Energetic electrical fires and oil fires, gwhich are
likely to be the most severe fires at a nuclear power plant, may grow too quickly
or too- large to be controlled reliably tv reven a fully creditable automatic
suppression system. This is not due to degradation of the system but to the
characteristics of the fire.' Therefore, for fire zones where energetic electrical7

or oil fires may occur, no credit will be given to manual suppression, while that
for automatic will be reduced to 0. 1.

5.2.1.6 CCDP (C) '3'

There should be at loast one fire-independent combination of human actions and
equipmenit operation,,, to prevent core damage, provided these are not precluded
by the fire itself or its, effects. To incorporate this, a CCDP, given the preceding
ignition and,1failures, 3must be appended to the F*P*G*S value. Table 2.1.1 of
the FPSDP (modified here as Table 5-8 for use in the subsequent example

9 application) specifies three types of "remaining mitigation capability" for
.screening 7,C'DP unavailabilities based on safe shutdown path. These are (1) 0.1
if only an automatic steam-driven train can be credited; (2) 0.01 if a train that

5 5 3':' •

To credit manitial suppression, this method assumes that detection must be present in the fire zone.

6 If neither is creditable (e.g., no automatic suppression system and timing/location/nature/intensity of

fire precludes manual suppression), there will be no reduction in the product F * P. This would apply to
scenarios where the source and target are the same or very close to one another. Fire suppression may
not be creditable due to insufficient time for suppression prior to cable damage. This is expected to be a
rare event and should not be considered unless the configuration clearly shows that immediate
component damage is likely to occur.

7 Ref. 7.4.48 documents energetic faults only in nuclear power plant switchgear >4 kV. The FP SDP
considers both switchgear and load centers as low as -400 V subject to energetic faults. Consistent with
the nature of this screening tool, the FP SDP approach is suggested (i.e., considering switchgear and load
centers down to -400 V as subject to energetic faults).
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can provide 100% of a specified safety function can be credited; and (3) 0.1 or
0.01 depending upon the credit that can be assigned to operator actions.8

For this last group, a value of 0.1 is assumed if the human error probability
(HEP) lies between 0.05 and 0.5, and 0.01 if the HEP lies between 0.005 and
0.05. Credit is based on additional criteria being satisfied, as listed in Table
2.1.1 of the FPSDP.9

5.2.1.7 Factor for Number of Vulnerable Zones (Z)

While there is no way to know a priori the exactpirnhber of fire zones through
which the vulnerable equipment will pass, or the nuimbhirr of these where there is
potential for fire damage, something on the order of •• zones will be assumed
for screening purposes. Theoretically, the total frequency of core damage from
spurious actuation would be the sum of ttehfequencies fm the individual
zones. In general, a higher value would be expected for a higher' number of
zones. Thus, some type of credit is given for a scenario where the•number of
vulnerable zones is less than the assumed generic number of 10, say, e.g., five
zones or less.

This type of credit would translate into an increase in the screening threshold
frequency per zone (call it X), or equivalently. adecrease in the zonal core
damage frequency (call it D). If we aissume imitiing the number of vulnerable
zones to five or less produces at least U O0% increase in the allowable frequency
for zonal screening, i.e, 1. iX this translates into a decrease in the zonal core
damage frequency (D) by a factor Z. To estimate Z, consider the following.

For zonal core darmage frequency (D) to meet the threshold (X), D must be < X.
For five orless vulneiablezones we allow an increase to at least 1.1X, sutch that
the zonal core damagefrequency meets this new threshold, D < 1. iX. Relative
to thei riginai threshold, X, we require X > D/1.1, or X > 0.9D. The factor 0.9
corresponds io a maximum value for Z for five or less vulnerable zones.

5.2.'2,, Six-Factor Frequency of Core Damage (F*P*G*S*C*Z)

* .The maximum frequencies that result from assuming the maximum credits for G
(0.0 1), S (0.0 1), C (0.01) and Z (0.9), i.e., a joint credit of 9E-7, for the F*P
pairings are shown in Table 4-2. Revision 0 of this document stated that "[t]he
criteria for risk significance are ... consistent with Regulatory Guide 1.174
[Reference 7.4.50] guidance.". The plant-specific risk significance screening in

8 Even the lower value of 0.01 is considered conservative based on Ref. 8, which cites several examples

where non-proceduralized actions by plant personnel averted core damage during severe fires. Of the. 25fires reviewed, none resulted in core damage.

9 These criteria include available time and equipment; environmental conditions; procedural guidance;
and nature of training.
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Revision 0 states that "the criteria for determining that component combinations
are not risk significant are as follows:

* If the change in core damage frequency (delta-CDF) for each component
combination for any fire zone is less than lE-7 per reactor year, AND

* If the delta-CDF for each component combination is less than 1 E-6 per reactor
year for the plant, i.e., sum of delta-CDF for all fire zones where circuits for the
component combinations (circuits for all) are routed, AND

* If the delta-CDF for each fire zone is less than 1 - per reactor year for the
.plant, i.e., the sum of delta-CDF for all combinations of circuits in the fire
zone.''

Of these three criteria, the most stringent is the first, requiring the delta-CDF to
be <lE-7/yr. This seems to be the a[ppropriate criterion to apply to. the Six-
Factor Frequency of Core Damage, since this +is the preliminary screening
stage.'°0 In Table 5-2, neither of the shaded bbxes satisfiestlthis criterion
exclusively, while the unshaded boxes may satisfy this criterion in certain cases.

5.2.3 Final Screening Table

Restricting the values for challeringmfires (G), fire suppression (S), CCDP (C),
and the factor for number of vulnerabl' zones (Z) as shown via the point
assignments below," the cases where this criterion is satisfied are indicated in
Table 5-3. Tfesecorrespond to the cases where preliminary "screening to
green" can be assurned successful. 1

5.2.3.1 Steps to Use Table •5-3

1.Determinel the fire frequency. Use either the generic fire zone frequency
r: t Ithe fire frequency refined by the component-based fire frequency tool

ih'thefiFPSDP.

2. Determine the probability of spurious actuation, from the FPSDP. If
multip;ic spurious actuations are involved, no more than two of the
spurious actuation probabilities should be multiplied together.

3 Dei'nermine the block on the table that corresponds to the fire frequency
and probability of spurious actuation.

10 For this preliminary screening delta-CDF is conservatively approximated by CDF itself.

"Each point is roughly equivalent to a factor of ten reduction or the negative exponent of a power of 10,
e.g., I point corresponds to 1E-1 = 0.1, 2.5 points correspond to IE-2.5 = 0.003

12 "Screening to green" in the FPSDP indicates a finding of very low risk-significance that need not be

processed further.
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4. Determine if the fire is challenging and, if so, to what degree. Use the
fire type for the single largest fire source in the zone. For example, a
zone with both small and large fires would be considered subject to large
fires only (i.e., there is no combination).

5. Determine the fire suppression factor. If both manual and automatic
suppression can be credited, the more effective (automatic) is the only
one receiving credit (i.e., there is no combination). 13

6. Determine the CCDP. If no mitigation capability remains, assume a

CCDP = 1.

7. Determine the number of vulnerable zdiies.

8. Sum the points as assigned belowý to determine if the /oe can be
screened to green.

Challenging Fires (G) -

Large fires = 0 point
Moderate fires = 1• point
Small fires = 2 points

Fire Suppression (S)

i~Tn fuý tLl Iy creditable = 0 point(eue
()II ymanua•1LI fully creditable= I point 14(reduced to 0 point for energetic
•eiciLtncal u ofil fires) _

Automatic filly. e\t•Atable 2 points (reduced to I point for energetic
electrical Or oIti fires )

No mitigation capability creditable = 0 point
Only an automatic steam-driven train or operator actions with 0.05 <

.HEP < 0 5 creditable = 1 point15

A train providing 100% of a specified safety function creditable = 2
points

13 Credit is reduced for energetic electrical and oil fires.

14 As mentioned earlier, detection must be present in the fire zone to take credit for manual suppression.

15 As mentioned earlier, the credit for operator actions is based on additional criteria being satisfied,

li including available time and equipment; environmental conditions; procedural guidance; and nature of
training.
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Factor for Number of Vulnerable Zones (Z)

Greater than five zones = 0 point
Five zones or less = 0.5 point

As shown in Table 5-3, screening at this preliminary stage is not possible if the
fire frequency is HIGH and the probability of spurious actuation is HIGH or
MEDIUM. All other combinations may be screenable if the point criteria are
satisfied.

5.2.3.2 Relative Ranking Evaluation

For analyses where all zones screen, Table 5-4 can be used to evaluate which
zone is likely to be the most risk-significarit, Table 5-4 converts the F*P
maximum frequencies from Table 5-1, into their point equivalents for each F*P
pairing.' 6 The pairing point equivalent should be added to the total point credits
from the preliminary screening to establish the total risk-signficance of each
zone. The zone with the lowest point total is. viewed as the most risk-
sigmficant. At least'this one zone should be processed through the FPSDP to
verify the validity of the, tool, i.e., to verify that the tool did not give a false
positive. These FPSDP 'results, and not the results from the preliminary
screening tool, should be used to determine the risk-significance of the finding
in Phase 2 of the FPSDP.

5.2.4 Example Application

The followIng example, somewvhat exaggerated for illustration purposes,
presenats the use of the preliminary screening tool. Assume an FPSDP
inspection finding that cables for a pressurized water reactor (PWR) power-
operated relief valve and•its accompanying block valve are routed through the

S' 1following five fire /zones: the'; auxiliary building, battery room, cable spreading
room, emergency' di.sel generator room, and main control room. Fire damage
to the cables can retitim the spurious opening of these valves. The cables are
thermoset throughout and are encased in an armor jacket only in the battery

'room. Table 5-6 assigns a probability of spurious actuation of 0.6 to thermoset
c"lables for which no other information is known, which lies in the HIGH range
in Table 5-3. Spurious actuation in an armored thermoset cable is considered
virtually impossible, corresponding to the VERY LOW range.

The auxiliary building and emergency diesel generator room are protected by
automatic sprinkler systems. The switchgear room has an automatic Halon-
1301 system. The battery room and main control room have smoke detectors but
rely on hand-held extinguishers and hoses for manual fire suppression.

16 Recall that each point is roughly equivalent to a factor often reduction, or the negative exponent of a

power of 10. Thus, the F*P pairing for HIGH-HIGH in Table 1 (1/yr = lE-0/yr) receives 0 point in Table
4, while that for LOW-VERY LOW (1 E-5/yr) receives 5 points.

0
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5.2.4.1 Auxiliary Building

Table 5-5 indicates a generic fire frequency for an auxiliary building of 0.04/yr,
which lies in the HIGH range in Table 5-3. Since the corresponding probability
of spurious actuation is also HIGH, this zone cannot be screened, using this tool.

5.2.4.2 Battery Room

Table 5-5 indicates a generic fire frequency for a battery room of 0.004/yr,
which lies in the MEDIUM range. Since the cable is armored in this room, the
probability of spurious actuation is virtually nonexistent, ocorresponding to the
VERY LOW range. Table 5-3 indicates that preliminary screening is possible
for this zone with > 3 points.

Small fires can be expected in the battery room, which earns 2 points from
Table 5-7 for fire size (G). Only manual suppression can be credited because of
theportable fire extinguishers and automatic detection, produ'cing. I point for
fire detection/suppression (S). No mitigation cýa)pability is creditable since both
DC trains could be lost in a battery room fire; no point is assignedfrom Table 5-
8 for CCDP (C).' 7 There are a total of 5 vulnerable zones, so 0.5 point is
assigned for the number' of vulnerable zone,;(Z). The points for the battery
room total to 3.5, therefore rtg preliminaryscreening.

5.2.4.3 Cable Spreading Room - Cables Only

Table 5-5 indicates a generic fire frequency for a cable spreading room with
cables only of Q0O2/yr, which lies in the LOW range. With no. other
informatiton known, the thermoset cable has a probability of spurious actuation
of 0.6o .hro Table 5-6 i.e., lying in the' HIGH range in Table 5-3. As a result,
>4.5 points ire needed to screen this zone.

., Sm.all tres canbhe expected in the cable spreading room, which earns 2 points
from Table ý5-7 fOr1fire size. The automatic Halon extinguishing system results
in a credit of2 pointsL for fire detection/suppression. A remote shutdown station
can be credited, meriting 1 point from Table 5-8 for CCDP.'8 There are a total
of 5 vulnerable zones, so 0.5 point is assigned. The points for the cable

-spreading room total to 5.5, therefore permitting preliminary screening.

17 This conservative assumption of total loss of DC power is for illustration only.

18 A human error probability for Operator Action between 0.05 and 0.5 is assumed for operator actions at

a remote shutdown station, which yields a credit of I point. As per Table 8, this credit also assumes that:
(1) sufficient time is available; (2) environmental conditions allow access, where needed; (3) procedures
describing the appropriate operator actions exist; (4) training is conducted on the existing procedures
under similar conditions; and (5) any equipment needed to perform these actions is available and ready
for use.
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5.2.4.4 Emergency Diesel Generator Building

Table 5-5 indicates a generic fire frequency for an emergency diesel generator
room of 0.03/yr, which lies in the HIGH range. With no other information
known, the thermoset cable has a probability of spurious actuation of 0.6 from
Table 5-6, i.e., lying in the HIGH range in Table 5-3. As a result, this zone
cannot be screened using this tool.

5.2.4.5 Main Control Room

Table 5-5 indicates a generic fire frequency for a main control room of 0.008/yr,
which lies in the MEDIUM range. With no other information known, the
thermoset cable has a probability of spurious actuation of 0.6 from Table 5-6,
i.e-, lying in the HIGH range in Table 5-3. 'As a result,>5.5 points are needed
to screen this zone..- ..

Moderate-sized fires are expected in the main control room due to the large
number ,of cables and electrical equipment present. Therefore, I point is
assigned from Table 5-7 for fire size. The portable fire extinguishers and
automatic smoke detection merit 1 point fire detection/ suppression' One of two
completely independentkand redundant trains providing 100% of the specified
safety function (Residual [feat Removal)19 remains fully creditable; meriting 2
points from Table 5-8 for DPfThere are a total of 5 vulnerable zones so 0.5
point is assigned. The points for 'the mpain control room total to only 4.5,
therefore preventing preliminary screening.

5.2.4.6 Conclusionsi

Only the Battery, oom and Cable Spreading Room could be screened using this
tool. The renmamin-, /ones would require more detailed analyses to assess each

@ delta DF through the FPSDP,. 'In this example the cables ran through fire
zones with different fire initiator frequencies, cable types (and therefore
spuriousa•cituatoioinPIroaIblities), potential fire sizes, suppression systems, and
core dama-e mitigation I apabilities. The example illustrates that it is easier to

" screen zonesf•NIth lower fire initiator frequencies and probabilities of spurious
actuation than zones with higher values. Fire zones with lower F*P pairings
require less credit from the "additional considerations" (G*S*C*Z) to satisfy the
screening thirshold of delta-CDF < 1E-7/yr.

5.2.5 Summary

This risk screening tool can be applied to fire-induced, circuit spurious actuation
inspection findings that arise from the FPSDP. These findings typically involve
the multiple fire zones through which the circuits pass. To streamline the
FPSDP, the tool screens zones where the "circuit issue" is expected to be of
very low risk-significance based on (1) the fire frequency in the zone where the

19 Residual Heat Removal need not be the only safety function to achieve safe shutdown. This is an
assumption for illustration only.
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circuits are located; (2) the probability of spurious actuation; and (3) automatic
or manual suppression, or an alternate means to achieve, hot shutdown.

The tool estimates six factors to calculate the frequency of core damage: (1)
zonal fire frequency; (2) spurious actuation probability; (3) challenging fire
factor; (4) probability of non-suppression; (5) CCDP; and (6) factor based on
number of vulnerable zones. The tool determines if a fire zone, once it has been
assigned to a fire frequency-spurious actuation probability pairing (i.e., the first
two factors), can be screened at a maximum delta-CDF threshold of 1E-7/yr
based on a point system for the remaining four facto s:'

Fire frequency (F)

TABLE 5-1. Maxima for the HIGH, ;MEDIUM,
Pairings F*P (With Round off to the >0.03/yr but >0.003/yr but <0.003/yr
Nearest "3" or "1" for Convenience) <1/yr J <0.03/yr I

HIGH, >0.3 but 1/yr , 0.03/yr 0.003/yr

MEDIUM, >0.03 0.3/yr 01;0,•009/yr 9E-4/yr
Probability but <0.3 (<0.01/yr) (-0.001/yr)
of spurious
actuation LO,003buS LOW, >0.003 but 0.03y 9E-4/yrT 9E-5/yr

(P) <0.03 "_____,___i (- 0.00 1/yr) 1E-4/yr)

VERY LOW, (- 1E-4/yr) (9'1E-5/yr)
________<0.003 0.03y 9E-5/yr) IE-6/yr)

TABLE 5-2. Maxima That Fire frequency (F)
Result from Maximum Credits _ __ __....

for G (0.01), S (0.01), C (0.01) MEDIUM, LOW,
and Z (0.9), i.e., a Joint Credit HIGH, >0.03/yr >0.003/yr but <.0/

of 9E-7 but <1/yr <0.03/yr <0.003/yr
HG,>0.3
but _<1 - 9E-7/yr 3E-8/yr 3E-9/yr

MEDIUM, 3E-7/yr 9E-9/yr 9E- 10/yr
Probability of >0.03 but <0.3

spurious
actuation (P) LOW, >0_003 3E-8/yr 9E-I0/yr 9E-1 1/yr

but <0.03

VERY LOW, 3E-9/yr 9E- 1I/yr 9E- 12/yr
<0.003 I0
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TABLE 5-3. Point Fire frequency (F)
Requirements for
Screening (Note use of ">" vs. HIGH, MEDIUM, LOW,
">," i.e., points must EXCEED >0.03/yr but >0.003/yr but <0.003/yr
numbers shown) </yr <0.03/yr.

Screen to'green Screen to green
<I Do not screen with > 5.5 with> 4.5
<1 oints7. points

Probability MEDIUM, >0.03 Do not screen Screen treof bt<03D notrescreen green Screen to green
of but <0.3 • with > 5 points with > 4 points

spurious Screen toeen
actuation LOW, >0.003 but w ,§;, Screen to green Screen to green

(P) <0.03 onts• with > 4 points with >Ž 3 points

Screen to en Scci sreen to green
<0.003 with > 4.5 Screen to green with >2 points
VR LW wi with > 3 points

points
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TABLE 5-4. Establishing Relative Risk Ranking When All Zones Preliminarily Screenr7

Fire Probability of Points
frequency spurious

(F) actuation (P) Preliminary Table 4-1 Risk-ranking total
screen total • equivalents

HIGH (Zone A - 4) 0 (Zone A - 4)

MEDIUM 0.5
HIGH

LOW (Zone B - 3) 1)5 (Zone B-4.5)

VERY LOW 12.5

HIGH (Zone C - 2),,. 1.5 .. (Zone C - 3.5)

MEDIUM 2

MEDIUM LOW (Zone D- 2.5) 3 (Zone D- 5.5)
(Zone E - 3) (Zone E - 6)

VERY LOW

HIGH 2.5

MEDIUM (Zone F - 3.5): • >3 (Zone F - 6.5)
LOW

LOW 4

VERY LOW : (Zone G - 1.5) >iJ 5 (Zone G - 6.5)

Table 5-4,incdelU'dian example (itemmsiin parenthesesP)where none of a total of seven zones satisfied the
preliminary screening criteria of Table K5-3 When ranked relative to one another using the point equivalents
from Table 5-1, Zone C proved to be of h'ighest relative risk-significance (lowest total points, 3.5). At a
minimum, Zone C would be processed through Phase 2 of the FPSDP (followed by Zone A, Zone B, etc., if the
analyst chose to process more).

0
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TABLE 5-5. Generic Location Fire Frequencies

Generic Fire
Room Identifier Frequency

(Range)

Auxiliary Building (PWR) 4E-2 (HIGH)

Battery Room 4E-3 (MEDIUM)

Cable Spreading Room - Cables Only • 2E-3 (LOW)

Cable Spreading Room - Cables Plus Other Electrical EquipIment . 6E-3 (MEDIUM)

Cable Vault or Tunnel Area - Ca bIesOnly • 2E-3 (LOW)

Cable Vault or Tunnel Area - Cables Plus Other Electrical Equipment •i6E-3 (MEDIUM)

Containment - PWR or Non-inerted Boiling Water Reactor (BWR) ý 1E-2 (MEDIUM)

Emergency Diesel; Generator Building-':ý 3E-2 (HIGH)

Intake Structure 2E-2 (MEDIUM)

Main Control Room 8E-3 (MEDIUM)

Radwaste Area 1 E-2 (MEDIUM)

Rea:ctor Building (BWR) 9E-2 (HIGH)

Switchgear Room 2E-2 (MEDIUM)

Transformer Vard 2E-2 (MEDIUM)

Turbine Building - Main Deck (per unit) 8E-2 (HIGH)
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TABLE 5-6. Probabilities of Spurious Actuation Based on Cable Type and Failure Mode
(Range)

State of Cable Knowledge Thermoset Thermo lastic Armored

No available information about cable 0.6 (HIGH)
type or current limiting devices

Cable type known, no other 0.6 0.15
information known (NOI) (MEDIUM)

•,•",s. - •0 (VERY
Inter-cable interactions only 0.02 (LOW) 0. .. 2 (MEDIUM)

__ __ _ __ _._LOW)

In conduit, cable type known, NOI 0.3 (HIGH) 0.6(HIGH)
In conduit, inter-cable only 0.01 -1LOW) 0.2 (MEDIUM) L :() \V

In conduit, intra-cable 0.075 (MEDIUM 0.3 (HIGH){

• < TABLE 5-7
General Fire Scenario Characterization Tvne Bins Mapped to Fire Intensity Characteristics

Generic Fire Type Bins with Simple Predefined Fire Characteristics (Points Assigned)

Small • Large Indoor Oil- aVery Large Engines Solid and
Fire ElectricalFire Electrical Filled Fire and Transient
Size (2ons, Fiire Transforrmers Sources Heaters Combustibles
Bins (2 p (l point) (0 point) (0 point) (2 points) (2 points)

170 W,•"• :" ' ... ... ,•• ,,>.50th %ile
70 kW A 5oýh %ile fire 50th %ile fire

____________ .fire
2 00 .... .. .. 50th: %,•=Vile ... 95,h % ile

95th %ile fire51 95th %ile fire
kW fire fire650. • 95th Voile
650tL! 9 h .... 50th %ile fire 50th %ile fire
kW ____________ fire

2 MW 95th %ile fire

MW0 95th %ile fireMW

I.

93



NEI 00-01 Revision 2 - Draft
December 2007

TABLE 5-8. Total Unavailability Values for SSD Path-Based Screening CCDP

Screening

Type of Remaining Mitigation Capability Unavailability
Factor (Points

Assigned)

1 Automatic Steam-Driven Train: A collection of associated equipment that
includes a single turbine-driven component to provide 100% of a specified
safety function. The probability of such a train being unavailable,due to 0.1 (1 point)
failure, test, or maintenance is assumed to be approximately 0.lwhen
credited as "Remaining Mitigation Capability." ________

1 Train: A collection of associated equipment (e.g., pumps, Valves,
breakers, etc.) that together can provide 100% of a specified safety
function. The probability of this equipment being unavailable due to 0.01 (2 points)
failure, test, or maintenance is approximately 0.01 when credited as
"Remaining Mitigation Capability." __..._________

Operator Action Credit: Major actions performed byooperators during
accident scenarios (e.g., primary heat removal using bleed and feed, etc.).
These actions are credited using three categories of human error
probabilities:
(1) Operator Action = 1.0, which represents no credit given;
(2) Operator Action = 0.1, which represents a failure probability between
0.05 and 0.5; and -
(3) Operator Action= 0.01 . Which represents a failure probability between 1.0 (0 point),
0.005 and 0.05. 0.1 (1 point), or

Credit is based upon the following criteria being satisfied: 0.01 (2 points)

(1) sufficient time is availab.le;
(2) environmentalconditions allow accesswhere needed;
(3), procedures describing the appropriate operator actions exist;
(4) training is conducted on the existing procedures under similar
conditions; and
(5) any equipment needed to perform these actions is available and ready
for use.-~ 

________
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5.3 PLANT-SPECIFIC RISK SIGNIFICANCE SCREENING

W Based on the evaluations performed in Section 5.2 and Section 3 of this document, the
licensee may determine that additional safety significance analysis is warranted. The
NRC's revised Fire Protection SDP (FPSDP) [Ref 7.4.45] is a useful tool for this
purpose; it will be used by NRC inspectors evaluating the significance of circuit failure
findings. It calculates the change in Core Damage Frequency for the finding. Other
deterministic or probabilistic means may be employed, including plant-specific PRA
calculations. Plant-specific PRA calculations should utilize the results of EPRI Report
1008239, "EPRI/NRC-RES Fire PRA Methodology for Nuclear PoWer Facilities."

5.3.1 EPRI/NEI Test Results

EPRI TR-1006961, "Spurious Actuation. of Ele&trical Circuits due to Cable Fires,
Results of an Expert Elicitation" (Reference:7.4-39) is referenced in both the
preliminary screening and detailed screening in the determination of delta-CDF.
More information about these results. provided hiere.

The expert panel report provides a generaI2rmethodology for determining spurious
operation probabilities. PSA is given by the product:

PSA =PCD * PSACD

PCD = The probability of cýible damage given a specified set of time-
temperature and fire-severity conditions, andi .

PSACD The probability of spurious actuation given cable damage

PCD can be calculated using fire mo'deling, taking into account the factors

affecting damage and the expected time response for manual suppression.
Additionally, the expert panel report provides fragility curves for cable damage
versus temiperaturef•or thermoset, T-plastic and armored cables. This curve is
provided Below .•

...

I.
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FIGURE 5-2

Fragility Curves for Thermoset, Thermoplastic, and Armored Cable Anchored to
the 5%, 50%, and 95% Probability Values for PcD (Reference 6.4.39 Figure 7-1)
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There is a considerable body of test information on cable damageability tests, the
results of which are not significantly different from these curves. Information on
cable damageability is available from these other tests that the analyst may use in
lieuo Ithis curve.

This figure is not used in the preliminary screening process, meaning PCD = 1 and
the spurious operation probability is conservatively estimated as PSACD. For. the
detailed screening (Section 5.3), PCD can be factored in, given analysis is
performed to determine maximum cable temperature for the fire scenario being
analyzed. The pilot reports did not use PCD for either screening process.

PSACD can be estimated using Table 5-9. Some general guidance on this is as
follows:

Values in the table, other than B-15, assume control power transformers (CPTs)
or other current limiting devices are in the circuit. To determine the probability of

96



a spurious actuation without a CPT or other current limiting device in the circuit,
the listed value should be multiplied by a factor of 2 * [PSACD(B-15)/PSACD(B-1)]

Based on the Reference 7.5-39, two PSACD (PsA) values used in the fire PRA
should be taken as independent events, provided the phenomena occur in different
conductors- thus, the two PRA probabilities should be multiplied together.

Additional guidance on the use of this table is provided 'in the expert panel report
(Reference 7.4-39).

EPRI TR- 1003326, Characterization of Fire-Induced Circuit Failures. Results of
Cable Fire Testing, provides supplemental informaition to the expert panel report.
This report provides detailed analysis for each of the tests and characterizes the
factors affecting circuit failures in much more detail than the expert panel report.
One area discussed by this report is duration ,of spurious 'operation events. The
test data used for the EPRI report shows that a majority of the circuit failures
resulting in spurious operation had a duration ofless than 1 minute. Lessthan 10%
of all failures lasted more than '5 minutes- with the longest duration recorded for the
tests equal to 10 minutes. The results oft;he testing described in this report are
reflected in RIS 2004-03.

• , .. , ... .. ..
,{,, ::,, ............ ...
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TABLE 5-9
(SEE REFERENCE 6.4-39, TABLE 7-2)

SUMMARY OF THE PROBABILITIES (PSACD)

Case # Case Short Description PSACD Best High Confidence Discussion
Estimate Range Reference

PSACO BASE CASE
•-1 PSACD base M/C Tset cable 0.30 -' 010 - 0.50 7.2.3.1

case intra-cable .
B-2 PSACD base 1/C cable, Tset, 0.20 b0 0- .3o 7.2.3.2

case inter-cable
18-3 PSACD base M/C with 1/C, Tset, Inter-cable 0.01 0.005 -0.020 7.2.3.3 as

case modified by
.. EPRI test report

S-4 PSACD base M/C with M/C, Tset .0 (C001 -0.005 - 7.2.3.4 as
case inter-cable modified by

___ _________ _ • EPRI test report

PSACD VARIANTS

Thermoplastic Variants

8-5 PSACD variant Same as #B-1 except 0.30 0.10-0.50 7.3.1, last
thermoplastic __. ___, ___ _____,_.__,__ paragraph

B-6 PSACD variant Same as #B-2 except 0.20 0.05- 0.30 7.3.1, last
thermoplastic . ___...._______ paragraph

1-7 PSACO variant Same bas #13-3 except 0.10 0.05-0.20 7.3.1, last
thermoplastic _ _ _ _ _ _ _ _ _ paragraph

13-8 PSACD variant Same as #13-4 except 0.01 - 0.05 7.3.1, last
__-8__ Ps _variant thermoplastic I, paragraph

Armored Variant .... .....;:

8-9 PSACD vyrinit1 ; Same as #13- except armored 0.075 0.02 - 0.15 7.3.2
I . . .bullet 5

B-10 PSACD variant :Sambeas #B-1l except armored 0.0075 0.002 - 0.015 7.3.2
cale ?with fu s(S•',7•73.2) bullet 6

Conduit Variants:

B-11 PSACO variant Same as #B-1 except 0.075 0.025 - 0.125 7.3.3
_ _ _ _ _ :: in conduiti last bullet

B-12 PSACD variant Same as #B-2 except 0.05 0.0125 - 0.075 7.3.3
"__ _ in conduit last bullet

B-13 PSACO variant Same as #B-3 except 0.025 0.0125 - 0.05 7.3.3
_in conduit last bullet

B-14 PSAcD variant Same as #B-4 except 0.005 - 0.01 7.3.3
in conduit last bullet

Control Power Transformer (CPT) Variant

B-15 PSACO variant Same as #B-1 except without 0.60 0.20-1.0 7.4.1
CPT
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5.3.2 Large Early Release Frequency Evaluation (LERF)

Screening of any component combination requires the consideration of LERF
prior to screening. LERF screening can be performed quantitatively or
qualitatively, depending on the availability of quantitative analysis. The
quantitative screening criteria for LERF are an order of magnitude lower than
CDF:

o No LERF review is needed if the screened scenario is shown to have a CDF <
1E-08 with a sum less than 1E-07. For these scenarios,,, even if containment
function has failed, the LERF screening criteria have been met.

u If quantitative LERF analysis is available to meet the criteria above, then this
analysis can.be used to demonstrate LERF screening criteria have been met.

o If no quantitative LERF analysiss- available, then a qualitative evaluation can
be performed. This analysis shouild show that containment function will
remain intact following the fire sceinario, and that a LERF event given core
damage is unlikely. Barriers to containment release should be reviewed to
ensure that they are free of fire damage.

Qualitative evaluation of LERF slhou!d consider the characteristics of LERF given
core damage, and what failures woulde reu iired. •For example, a PWR large dry
containment may have a low lirobability off ERF, even if all containment fans,
coolers, spray nd igniters have fAiled. In this Gase, containment isolation may be
the onicointaiiniment function required to be reviewed for a qualitative LERF
reviews •Another example of ice condenser plants might require igniters and fans
to prevent a likelyi LERF event. In this case, operation of the igniters and fans
following the fi••iscenario would need to be reviewed.

Facturs used in screening component combinations against the LERF criteria
above shouldaI,,so be considered in the uncertainty evaluation discussed below.

5.3.3 Uncertainty and Sensitivity Analysis

The intent of thle screening process and associated analysis is to demonstrate with
reasonable assurance that the risk from a circuit failure scenario is below the
acceptance criteria described in Regulatory Guide 1.174 (Ref. 7.4.50). The
decision must be based on the full understanding of the contributors to the risk
and the impacts of the uncertainties, both those that are explicitly accounted for in
the results and those that are not. The consideration of uncertainty is a somewhat
subjective process, but the reasoning behind the decisions must be well
documented. The types of uncertainty are discussed in Regulatory Guide 1.174.
Guidance on what should be addressed for' the screening process above is
discussed below.

Uncertainty analysis may include traditional parameter uncertainty, or may
include model or completeness uncertainty considerations. For scenarios
involving circuit failures, parameter uncertainty can become less important than
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other types of uncertainty. These scenarios typically involve a single accident
sequence and a limited number of cutsets. Thus the calculated mean value would
be very close to the mean value calculated using parametric distributions. Model
and parameter uncertainty is sometimes more effectively treated with sensitivity
analysis rather than statistical uncertainty. Sensitivity analysis for this application
is discussed below.

Generally, it should be possible to argue on the basis of an understanding of the
contributors to the risk that the circuit failure scenario is an acceptable risk. The
contributors include the defense-in-depth attributes, plus additional considerations
such as spatial information, the type of cable failures,,roquired, whether the failure
needs to be maintained, etc.

u The closer the scenario risk is to the acceptance criteria, the more detail is
required for the assessment/screening 4ad., tlie uncertainty ii In contrast, if the
estimated risk for a scenario is small in comparison to the acceptance criteria,
a simple bounding analysis mayN ;Uffice with no need for detgiIed uncertainty
analysis.

Factors to be considered in the uncertainty and scrsitivity analysis include:

a) Sensitivity of the results toincertainty of the Žitors in the risk equation. Thisinlue facor suc the ris tqain ThnIs
includes factors such asiniiii~nI I g eyvent frequen;cy, suppression probabilities,
severity factors, circuit failure probabilities, factors affecting LERF, etc.

b) Fire modeling uncertainty

c) UVn etainty of plhysical location 0of cables and equipment.

Uncertainty and senlsltittyy. discussions should include any conservative
ass.ihptions rnade as a pairtof the analysis. For example, if fire modeling is not
perf6ThiedT, and conservative assumptions are made about fire spread and/or
damage, tihisshould be notetd.

5.4 INTEGRATED DECISION MAKING

The results of the different elements of the analysis above must be considered in an
integrated maneri. None of the individual analysis steps is sufficient in and of itself, and
the screening of a circuit failure scenario cannot be driven solely by the numerical results
of the PRA screening. They are but one input into the decision making and help build an
overall picture of the implications of the circuit failures being considered. The PRA has
an important role in putting the circuit failures into the proper context as it impacts the
plant as a whole. The PRA screening is used to demonstrate the acceptance criteria have
been satisfied. As the discussion in the previous section indicates, both qualitative and
quantitative arguments may be brought to bear. Even though the 'different pieces of the
process are not combined in a formal way, they need to be formally documented.
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The integrated decision process therefore includes consideration of the following:

o The screening PRA results
o] Safety margins and defense-in-depth
o Uncertainty of the results.

5.4.1 Defense-In-Depth and Safety Margins Considerations

The information in Section 5.4.4.1 is derived from Appendix A to NFPA 805,
2001 Edition, and Ref. 7.4.50. These methods should be applied to issues that are
screened out either after the application of Tables 5-1 thfough 5-3, or after the
quantitative risk significance screen in Section 5.3.

5.4.1.1 Defense-In-Depth.

Defense-in-depth is defined as the principle aimed at provIding a high degree of
fire protection and nuclear safety. It is recognized that, independently, no one
means is complete. Strengthening any means of protection can compensate for
weaknesses, known or unknown, inithe other items.

Balance among DID elements is a cornerstone of risk-informed applications, and
is described in Ref. 7.4.50-, Section 2.2.1.1. This document provides the following
guidance:

o If a comprehensive risk analysis is Cdone, it can be used to help determine the
appropriate extent of defense in depth (eig., balance among core damage prevention,
containment failure, and consequence mitigation) to ensure protection of public
health and safety.

E] Further, the evluano1should consider the impact of the proposed licensing basis
change on barfersi, iotpreyentive and mitigative) to core damage, containment
failure or bypass, aibalance anong•defense in depth attributes.

For fire protection defense-in-depth is accomplished by achieving a balance of
the followilng:

n Prevnting fires from starting
o Detecting! fires rapidly, controlling and extinguishing promptly those fires that do

occur
o Providing protetion for SSCs important to safety so that a fire that is not promptly

extinguished by the fire suppression activities will not prevent the shutdown of the
plant

For nuclear safety, defense-in-depth is accomplished by achieving a balance of
the following:

o Preventing core damage
o Preventing containment failure
D Mitigating consequence
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For. fire protection and fire PRA, both traditional fire protection DID and
traditional nuclear safety DID are represented. Fire protection DID has been
treated in the past as a balance. Fire areas with likely fires have automatic
suppression, areas with less likely and smaller fires do not have automatic
suppression, some areas allow transient combustible storage and some do not, etc.
The DID review in this document attempts to balance both the level of traditional
fire protection DID and the DID for protection of public health and safety (CDF
and LERF).

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

1. A reasonable balance is preserved among, 10 •GFR 50 Appendix R DID
elements.

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

3. Pre-fire nuclear safety system redundaincy, independence, and diversity are
preserved commensurate with the expected frequency and consequences of
challenges to the system 1a1d uncertainties (e.g•,noo risk outliers). (This should
not be construed to mean that more than one ,safe shutdown train must be
maintained free of fire damage.) ',

4. Independenc ofdefense-in-depth elements is not degraded.

5. Defenses againsWt human errors are preserved.

0. ,The intent of the •eneral Design Criteria in Appendix A to 10 CFR Part 50 is
maintained. :

It should be ioted 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 barlers are breached. Such beyond design basis scenarios, however,
sh•uld be demonstrated to be of less risk significance, with certainty. A scenario
witlhll elemrnts of DID, and a CDF of 9E-08/year would be treated differently
than ai ,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, SM, uncertainty, and other relevant issues.

Defense-in-depth review for multiple spurious operations should consider whether
the scenario affects more than one element of DID. The example above with a
CDP at or near 1.0 may be considered unacceptable if detection/suppression is
ineffective. For example, if we found a scenario from a fire inside a cabinet,
where suppression prior to damage to all target cables was unlikely, and the CDP
was near 1, then DID would be inadequate. In most cases, this lack of DID would
correspond to a high calculated risk, since the DID elements for fire protection are
integrated into the risk calculation. However, if the risk calculation relies heavily
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on a low fire frequency to screen the scenario, the risk calculation could screen
such a scenario. The DID review would, however, not show a balance between
DID and risk, and the scenario would not screen.

Applying a DID review to a screening process needs to account for conservatism
in the screening. It is common to use a screening assignment of 1.0 for CDP or
manual suppression during screening in order to perform the analysis with
minimal resources. The DID review needs to qualitatielyk assess these factors to
assure DID is maintained if a quantitative assessment i, n• available. Additional
analysis may be required to complete the DID asisessent i this case, since the
information available may not have been suf.icientto perform a quantitative
assessment.

The above criteria and discussion should be used to evaluate whether defense-in-
depth is maintained if a potential fire-induced circuit failure is screened-out.

5.4.1.2 Safety Margins

The licensee is expected to choose the method of engineening analysis appropriate
for evaluating whether sufficient safety margii• wýould be maintained if the fire
induced circuit failure were-screened out. An aceptable set of guidelines for
making that assessment is sumimarized•c below. 'Other equivalent acceptance
guidelines may also be used. With sufficient safetyvmargins (Reference 7.4.50):

o Codes afnd•tandards or theiirtlternatives approved for use by the NRC are
met.

o Safet'\ nalysisacceptance criteria in the licensing basis (e.g., FSAR,
upportI'g analyses) are met, or provide sufficient margin to account for

-analvysis and data tiauncertainty.

5.4.2 Corrective Action

IF, when all evaluation phases are completed, the ACDF for a component or a
component pair remains greater than or equal to 1E-6 per reactor year for all fire
areas or the ACDF for a fire area remains greater than or equal to 1E-6 per reactor
year fori all cuomponent pairs within the fire area (summing in each case only the
Screen 5 results), further analysis using detailed plant fire PRA models or actions
to reduce the summed ACDF below I E-6/year will be evaluated. The complexity
of possible corrective measures can be kept to a minimum by defining the
additional risk reduction needed to render the ACDF less than 1E-7 per reactor
year for any fire area. As an example, if a potential spurious actuation has been
determined to have a ACDF of lE-5 per reactor year for any fire area after
completing the screening process, a corrective action that applies an additional
reduction factor of at least 100 would result in an acceptable configuration.

Component combinations or fire areas that do not meet the screening criteria
above should be placed within the plant's Corrective Action Program (see Section
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1.1 of this document). Evaluation of the corrective action should beperformed
using the existing plant procedures and criteria, and using the screening analysis
results as part of the evaluation. If the component combination or fire area is
within the existing licensing basis develop a compliance strategy or disposition to
mitigate the effects due to fire damage for each component or its circuit. Any
regulatory reporting should be in accordance with existing regulations.

5.4.3 Documentation

The accurate and comprehensive documentation of this assessment will be
prepared and maintained as a retrievable plant record -following established
practices. The documentation should be maintained in accordance with existing
plant procedures.

As discussed in Chapter 4 above, the documentation is refnced or included in
the Fire Safe Shutdown Analysis for the area orareas affected by the MSO

5.5 PRA Quality

5.5.1 Applicability of the ANS FPRA Standard

The ANS Fire PRA Standard (which is being initegrated into the ASME
Combined PRA Standard) provides high level and supporting requirements for all
steps performed in a detailed PRA used for MSO analysis. The applicability and
use of the Fire Standard would depend somewhat on the Fire PRA process used,
as discussed in the following sections.

In genira, as the PWIR results for an MSO approach the acceptance criteria
described above, andas conservatism is removed from the analysis, the applicable
capability caLtieory fo the analysis can be increased. As the discussion below
points out, f tlhe screening method above is used, no capability category in the
F Ire Standard canii be met. As more detailed Fire PRA is performed, the capability
category may be Category I for lower risk MSOs or MSOs analyzed using
conservative PRA assumptions, or may be Category 2 for detailed Fire PRA
-results approaching the acceptance criteria above. This general philosophy may
not be applicable to all SRs, and a review of SRs not meeting Category 2 for this
last example would have to include an assessment of the impact of a lower
capabili•y category on the results.

5.5.1.1 Screening Fire PRA

If an MSO or group of MSOs is screened using the preliminary screening method
as described in Sections 5.2 above, the Fire Standard requirements do not apply.
The method is conservative, and review against the standard would result in a
"not met" assessment for many of the supporting requirements.

5.5.1.2 Focused Scope Fire PRA
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If the Fire SDP or NUREG/CR-6850 is used to analyze the MSO, then the
applicable supporting requirements of the standard can be reviewed against the
analysis. However, many of the Fire Standard SRs are not applicable to a
Focused-Scope Fire PRA, since the focused scope analyzes the fire features
related to the MSO alone, and not associated with the whole plant or whole room
risk estimate. For example, if none of the MSO analysis involved Hydrogen
Fires, Bus Duct Fires, Reactor Coolant Pump Fires, etc., then the various SRs
related to these fires or areas containing these fires may not need to be reviewed
for the MSO analysis.

For a Focused-Scope Fire PRA, only the applicable ,SRs would need to be
reviewed in support of the MSO analysis. Additionally, SRs that are reviewed
may-not be applied in a similar level of detail as a full Fire PRA. For example,
non-suppression analyzed for an individual scenario would be reviewed against
the applicable SRs. However, the SRs may be applicable to many other possible
scenarios not associated with the MSOs. The review of the SR would be limited
to the application, and as a result, theassociated grade for the SR would only be
assigned for the limited scope review. As a result, the Peer Review'scope would
need to be specified and documented as a part of the Overall MSO documentation
process. This includes both the scope of the SRs reviewed or not reviewed and
the limitations or scope ofcach of the reviewed SRs.

5.5.1.3 Full Fire PRA

If a full Fire PRA•is performed, and the MSO scetiario analysis is included in the
full Fire PRA, then all of the Fire PRA Standard SRs would apply. As with any
application, SRs where a not met or Category I is assessed would need to be
documented as a part of the MSO analysis, demonstrating the associated F&O
does not affect the analysis results.
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5.5.2 Peer Review of the Focused-Scope or Full Fire PRA

A peer review of the focused-scope Fire PRA is required once the initial
screening of MSOs is complete. The peer review will differ considerably from a
peer review of a complete Fire PRA in the following aspects:

1) The focused-scope Fire PRA will contain screening analysis as described
above, which is not designed to meet the Fire PRA standard Supporting
Requirements. The screening analysis is not reviewed against any of the Fire
PRA Standard SRs.

2) The detailed Fire PRA for MSO scenarios is an analysis of the MSO scenarios
only, and would not provide a Fire PRA for a Fire Area or Compartment. As
such, the Fire PRA would only apply specific Fire PRA steps needed to show
the MSO risk is low. The corresp•nding Fire-PRA standard requirements for
the applied steps would be applicable for the peer review, but other steps
would not need to be reviewed. Additionally, many of the SRs reviewed
would only be applicable to the MSOs analyzed, and not to the entire plant.

Prior to the performance of a peer reyiew against a Focused-Scope Fire PRA, the
expected scope should be documenined by a pre-revie•: of the MSO analysis
results. This scope would then be used to determinethe number and capability of
the Fire PRA Peer Review Team.. Upon cornplaon of the peer review, the
limitations of the review for each SR should also be specified in the
documentation.
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6 DEFINITIONS

The following definitions are consistent with NRC-recognized definitions.

The numbers in brackets [ ] refer to the IEEE Standards in which the definitions are
used. Refer to Section 2 of IEEE Standard 380-1975 for full titles.

Those definitions without a. specific reference are consistent with those specified in
reference 7.4.32.

Associated circuits

Generic Letter 81-12 - Those cables (safety related, nonsafety related, Class lE, and non-
Class 1E) that have a physical separation less thanfthatirequired iy Appendix R Section
III.G.2 and have one of the following:

Common Power Source '<-V

A common power source with the shutdown equipment (redundant or alternative)
and the power source is not electrically protected from the circuit of concern by
coordinated breakers, fuses, or similar devices, or i-

Spurious Operation

A connection to circuits of equipment whosecspurious operation would adversely
affect the shutdown capability (e.g., Residual Heat Removal/Reactor Coolant
System i.,solation ,&a1Ves, Automatic Depressurization System valves, Pressure-
Operated Relief Vaves, steam generator atmospheric valves, instrumentation,
steam bypass)ýi etc.), or

Common Enclosure

A common enclosure (e:g., raceway, panel, junction, etc.) with the shutdown
cables (redundant or alternative), and are not electrically protected by circuit

. breakers, fuses or similar devices, or will allow the propagation of the fire into the
common enclosure.

Cable

IEEE Standard 100-1984 - A conductor with insulation, or a stranded conductor with or
without insulation and other coverings (single-conductor cable) or a combination of
conductors insulated from one another (multiple-conductor cable). [391]
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Circuit

IEEE Standard 100-1984 - A conductor or system of conductors through which an
electric current is intended to flow. [391]

Circuit failure modes

The following are the circuit failure modes 'that are postulated in the post-fire safe
shutdown analysis as a result of a fire:

Hot Short

A fire-induced insulation breakdown between condiuctofr of the same cable, a
different cable or from some other exterhal source resultingiII• a compatible but
undesired impressed voltage or signal on a specific conductor.

Open Circuit . "

A fire-induced break in a conductor resultin-g In a loss of circuit continuity.

Short-to-Ground

A fire-induced breakdown of a cable V' insulation system resulting in the potential
on the conductor being applied to ground/neutral.

Cold Shutdown Repahi

Repairs made to fire damiaged equipment required to support achieving or maintaining
cold shutdown for diiie leUireedsafe shutdown path.

Conductor

IEEE Standard 100-1984 - A substance or body that allows a current of electricity to
pass continuously along it. [210, 244, 63] Clarification. a single "wire" within a cable;
conductor>s could also be considered a circuit or a cable.

Design Basis Fire

A postulated e-vet used in the post-fire safe shutdown analysis. See Exposure Fire.

Emergency Control Station

Location outside the main control room where actions are taken by operations personnel
to manipulate plant systems and controls to achieve safe shutdown of the reactor. [NRC
RIS 2005-30]

Enclosure
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IEEE Standard 380-1975 - An identifiable housing such as a cubicle, compartment,
terminal box, panel, or enclosed raceway used for electrical equipment or cables. [384]

Exposure Fire

SRP Section 9.5.1 - An exposure fire is a fire in a given area that involves either in-situ
or transient combustibles and is external to any structures, systems, or components
located in or adjacent to that same area. The effects of such fire (e.g., smoke, heat, or
ignition) can adversely affect those structures, systems, or components important to
safety. Thus, a fire involving one train of safe shutdown equi iment may constitute an
exposure fire for the redundant train located in the samearea,- and a fire involving
combustibles other than either redundant train may constitUte an exposure fire to both
redundant trains located in the same area.

Fire Area

Generic Letter 86-10 - The term "fire area" as used in Appendix R 1means an area
sufficiently bounded to withstand the ha•a•a& sassoci~ited with the fire area and, as
necessary, to protect important equipment witlij)ithe firv ara from a fire outside the area.

In order to meet the regulation, fire area boundarieshes ii not be completely sealed with
floor to ceiling and/or wall-to-wall boundaries. Wherie fire area boundaries were not
approved under the Appendix A process, or where such bioundaries are not wall-to-wall
or floor-to-ceiling boundaries with all penetrations sealed to the fire rating required of the
boundaries, licensees must perform an evaluation to assess the adequacy of fire area
boundaries in their plants to determine if the boundaries will withstand the hazards
associated with the area'and protect impprtant equipment within the area from a fire
outside the area.

Fire Barrier

SRP Sectiun 9.5:.- thos components of construction (walls, floors, and their supports),
including beamis, Joists, Columns, penetration seals or closures, fire doors, and fire

:dampers that are rated by approving laboratories in hours of resistance to fire and are
used to prevent the spread of fire.

Fire Frequency (Ff! K

The frequency of fires with a potential to damage critical equipment if left alone.

Fire Protection Design Change Evaluation

The process replacing the 50.59 evaluation process (described in NEI 02-03) that is used
by a licensee to document compliance with the fire protection license condition to assure
that changes to the fire protection program do not adversely affect the ability to achieve
and maintain safe shutdown in the event of a fire.

Fire Protection Proeram
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10 CFR 50, Appendix R, Section IJ.A - the fi're protection policy for the protection of
structures, systems, and components important to safety at each plant and the procedures,
equipment, and personnel required to implement the program at the plant site. The fire
protection program shall extend the concept of defense-in-depth to fire protection in fire
areas important to safety, with the following objectives:

Ei Prevent fires from starting.
o Rapidly detect, control, and promptly extinguish those fires that do occur.
o Provide protection for structures, systems, and components important to safety so that

a fire that is not promptly extinguished by the fire suppression activities will not
prevent the safe shutdown of the plant.

Fire Zone

The subdivision of fire area(s) for analysis purposes that is not necesýsarily bound by fire-
rated barriers..,

Free of Fire Damage

It is expected that the term "free of fire damage" will be fiirther clarified in a forthcoming
Regulatory Issue Summary. Untiilthis occurs, NRC recommends using the following
guidance in Regulatory Guide 1.189:

"The structure, system, or component under consideration is capable of performing its
intended function dufiNiiand after the postulated firas needed, without repair."

Generic Letter 86-10 Fire Hazards Evaluation

A technical enginieering evaluation used to evaluate equivalency of fire protection
features to those required by)r th1eC Jre tions or to evaluate fire protection features that are
coniiiiensurate with the po(ential fire hazard. For plants licensed prior to 1979, these
evaluations may fori thed basis for an Appendix R exemption request or support a plant
change evaluation using accepted regulatory processes. For plants licensed after January
1, 19-7) these evaluations may be used in conjunction with a fire protection design
chang•e•evaluation to alter the current licensing basis or they may be submitted to the
NRC f1or view and acceptance as a deviation request. (Note: Previously approved
deviation r;equests inay be altered using a fire protection design change evaluation
without resubmittal to the NRC.)

High Impedance Fault

Generic Letter 86-10 - electrical fault below the trip point for a breaker on an-individual
circuit. See "Multiple High Impedance Fault."

High/Low Pressure Interface

Refer to Appendix C to this document.

Hot Short
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See "Circuit failure modes."

Isolation Device

IEEE Standard 380-1975 - A device in a circuit that prevents malfunctions in one section
of a circuit from causing unacceptable influences in other sections of the circuit or other
circuits. [384]

Local Operation

Operation.of safe shutdown equipment by an operator outside the ,Main Control Room
when automatic, remote manual, or manual operation• are, no longer available (e.g.
opening of a motor operated valve using the hand wheel).

Operator Manual Action '4

Action performed by operators to manipulat components and equipment from outside
the main control room to achieve and maintain apost-fire hot shutdown. not including
"repairs."

Multiple High Impedance Fault(s)

A condition where multiple circuitRf~d frmI'a-oasingle powerdistribution source each have
a high impedance fault. See Appendix B.l .

Open Circuit

See 'Circuit Failure M(O"s'.

Probability of Spurious Actuation (PsA) /4

The probabilityaof undesirable spurious- operation(s) of the component, or of component
being potentiallý limpacte• byhthe fire-induced circuit failure.

Raceway

IEEE Slandard 380-1975 - Any channel that is designed and used expressly for

supporting wires, cable, or busbars. Raceways consist primarily of, but are not restricted
to, cable tray,• conduits, and interlocked armor enclosing cable. [3.84]
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Remote Control

Plant design features that allow the operation of equipment through a combination of
electrically powered control switches and relays. Remote control can typically be
performed from the control room or from local control stations, including the remote
shutdown panel and other locations with control capability outside the control room.

Remote Manual Operation

Operation of safe shutdown equipment on the required safe shutdown path using remote
controls (e.g., control switches) specifically designed I'Or tlis purpose from a location
other than the main control room.

Remote Shutdown Location

A plant location outside the control room.withf5iemote coitrol capability f6i' shutdown.

Remote Shutdown Panel

The panel included within the plantddesign for the purpoe of satisfying the requirements
of 10 CFR 50 Appendix A General Design Criterion 19. If electrical isolation and
redundant fusing are provided at this ocatiornIt may also be suitable for use in achieving
and maintaining safe shutdown for an event such•as a control room fire.
Repair Activity .

Those actions required to restore operation to post-fire safe shutdown equipment that has
failed as a result of fire-induced damage. Repairs may include installation, removal,
assembl,,disassembly, or replaceyment of components or jumpers using materials, tools,
procedures, and personnel available on site (e.g., replacement of fuses, installation of
temporary cables or power supplies, installation •of air jumpers, the use of temporary
v ventilation). Credit for repair activities for post-fire safe shutdown may only be taken for
equipment required to achieve and maintain cold shutdown. Repairs may require
additional, more detailed instructions, including tools to be used, sketches, and step-by-
step instruttions for the tasks to be performed. Repair activities are intended to restore
functions and not equipment since the equipment may be destroyed in a fire event. Repair
activities may rely6on exterior security lighting or portable lighting if independent 8-hour
battery backed lighting is unavailable.

Required Safe Shutdown Path

The safe shutdown path selected for achieving and maintaining safe shutdown in a
particular fire area. This safe shutdown path must be capable of performing all of the
required safe shutdown functions described in this document.
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Required Safe Shutdown System

A system that performs one or more of the required safe shutdown functions. and is,
therefore, a part of the required safe shutdown path for a particular fire area.

Required Safe Shutdown Equipment/Component

Equipment that is required to either function or not malfunction so that the required safe
shutdown path will be capable of achieving and maintaining safe shutdown in a particular
fire area and meet the established regulatory criteria.

Required Safe Shutdown Cable/Circuit

Cable/circuit required to support the operation or pieyent the: maloperation of required
safe shutdown equipment in a particular fire area.

Safe Shutdown

[Reference 7.4.38] A shutdown with (1) the reactivity5 f the reactor kept to a margin
below criticality consistent with technical specifications, (2) the core decay heat being
removed at a controlled rate sufficient to prevent core or .0reactor coolant system thermal
design limits from being exceededI •3) components and Nystems necessary to maintain
these conditions operating within tieir>,design limits, and(4) components and systems
necessary to keep doses within prescribed lim-its perati properly.

[Reference 7.4.14] For fire events, thoseplant conditions specified in the plant Technical
Specifications as Hot Standby, Hot Shutdown, or Cold Shutdown.

For those plants adopt Ing NfPA 805, the term "safe shutdown" is not explicitly defined.
Please refer to the diSCus••Sioof"Nuclear Safety Performance Criteria" in NFPA 805 for
more information about performance c.rieria that, if met, provide reasonable assurance in
the event of a fire that th l~int is not placed in an unrecoverable condition.

Safe Shutdown Capability •

Redundant

Any combinaion of equipment and systems with the capability to perform the
shutdd0ivfunctions of reactivity control, inventory control, decay heat removal,
process' monitoring and associated support functions when used within the
capabilities of its design.
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Alternative

For a given fire area/zone where none of the redundant safe shutdown capability
are "free of fire damage" and dedicated equipment is not provided, the shutdown
strategy. used is classified as alternative.

Dedicated

A system or set of equipment specifically installed to provide one or more of the
post-fire safe shutdown functions of inventory control, reactivity control, decay
heat removal, process monitoring, and support as a separate train or path.

Safe Shutdown Equipment/Component

Equipment that performs a function that is required for safe shutdown either by operating
or by not mal-operating.

Short-to-Ground

See "Circuit Failure Modes."

Spurious Operation

The possible inadvertent operation or repositioning of a piece of equipment.

114



7 REFERENCES

7.1 NRC GENERIC LETTERS

7.1.1 80-45: Proposed Rule Fire Protection Program for Nuclear Power Plants

7.1.2 80-48: Proposed Rule Fire Protection Program for Nuclear- ower Plants

7.1.3 80-56: Memorandum and Order RE: Union of Concered Scientists Petition

7.1.4 80-100: Resolution of Fire Protection Open Items

7.1.5 81-12: Fire Protection Rule, dated February 2, 1981

7.1.6 81-12: Clarification of Generic Lette81 -12, Letter from the NRC to PSE&G,
dated April 20, 1982, Fire Protection Rule - CFR 50.48(c) - Alternate Safe
Shutdown - Section III.G.3 of Appendix R Io 40 CFR 50

7.1.7 82-21: Tech Specs for Fire Protection Audits

7.1.8 83-33: NRC Positions on Appendx R . :

7.1.9 85-01: Fire-Protection Policy Steeing Commitfee Report

7.1.10 86-10: hIplementation of Fire Pr6tection Requirements, dated April 24, 1986

7.1.11 86-10: Supplement I to Generic Letter, Implementation of Fire Protection
Requirements

s7J .12 88-12: Removal of Fire Protection Requirements from Tech Specs

7.1.1 88-20: Supplement 4 IPEEE

7.1.14 89-13: Supplenient 1 Biofouling of Fire Protection Systems

7.1.15 92-08: Thermo-Lag Fire Barriers

7.1.16 93-06: Use of Combustible Gases in Vital Areas

7.1.17 95-01: Fire Protection for Fuel Cycle Facilities

7.2 BULLETINS

7.2.1 75-04: Browns Ferry Fire

7.2.2 77-08: Assurance of Safety
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7.2.3 81-03: Flow Blockage Due to Clams and Mussels

7.2.4 92-01: Failure of Thermo-Lag

7.2.5 92-01: Supplement 1 Failure of Thermo-Lag

7.3 NRC INFORMATION NOTICES

7.3.1 80-25: Transportation of Pyrophoric Uranium

7.3.2 83-41: Actuation of Fire Suppression System causing Inoperability of Safety-
Related Equipment, June 22, 1983

7.3.3 83-69: Improperly Installed Fire Dampers,. .

7.3.4 83-83: Use of Portable Radio Transmitters Inside Nuclear Power•Plants

7.3.5 84-09: Lessons learned from NRC Inspections of Fire Protection Safe Shutdown
Systems (10 CFR 50, Appendix R), Revision 1, March 7,-,1984

7.3.6 84-16: Failure of Automatic Sprinkler System Valves to Operate

7.3.7 84-92: Cracking of Flywhek oii ire•Pump Diesel'Engines

7.3.8 85-09: Isolation Transfer Si'tches and Post-fire Shutdown Capability, January
31, 985

7.3.9 85-85: stem inffteraction Event Resulting in Reactor Safety Relief Valve• '• O p ning Ki K KK K::;•:•

7.3.10 :86 7:t IUpdate - Failure of Automatic Sprinkler System Valves

7... 13 86-35: Fire in Compressible Material

7.3.1 2'86-106: Surry Feedwater Line Break

7.3.13 8106: Supplement 1 Surry Feedwater Line Break

7.3.14 86-106: iSu-tpplement 2 Surry Feedwater Line Break

7.3.15 86-106: Supplement 3 Surry Feedwater Line Break

7.3.16 87-14: Actuation of Fire Supp. Causing Inop of Safety Related Ventilation

7.3.17 87-49: Deficiencies in Outside Containment Flooding Protection

7.3.18 87-50: Potential LOCA at High and Low Pressure Interfaces from Fire Damage,
October 9, 1987

7.3.19 88-04: Inadequate Qualification of Fire Barrier Penetration Seals
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7.3.20 88-04: Supplement 1 Inadequate Qualification of Fire Barrier Penetration Seals

7.3.21 88-05: Fire in Annunciator Control Cabinets

7.3.22 88-45: Problems in Protective Relay and Circuit Breaker Coordination, July 7,
1988

7.3.23 88-56: Silicone Fire Barrier Penetration Seals

7.3.24 88-60: Inadequate Design & Installation of Watertight Penetration Seals

7.3.25 88-64: Reporting Fires in Process Systems

7.3.26 89-52: Fire Damper Operational Problems

7.3.27 90-69: Adequacy of Emergency and Essential Lighting, October 31, 1990

7.3.28 91-17: Fire Safety of Temporary Installations.

7.3.29 91-18: Resolution of Degraded & Non 6ii forming Conditions

7.3.30 91-37: Compressed Gas Cylinder Missile Ha/ads

7.3.31 91-47: Failure of Thermo-Lag

7.3.32 91-53: Failure of Remote Shutdown Instiumentation

7.3.33 91-77: ,Shift Staffing at Nuclear Power Plants

7.3.34 91-79: Deiciencies in Installing Tliermo-Lag

7.3.35 91-79: Supplement 1

7.3.36 92-14: Uranium Oxide Fires

73.33792-18: Loss of Remote Shutdown Capability During a Fire, February 28, 1992

7.3.38 92-28: Inadequate Fire Suppression System Testing

7.3.39 92-40: Therno-Lag Fire Barrier Special Review Team Final Report

7.3.40 92-55: Thermo-Lag Fire Endurance Test Results

7.3.41 92-82: Thermo-Lag Combustibility Testing

7.3.42 93-40: Thermal Ceramics Fire Endurance Tests

7.3.43 93-41: Fire Endurance Tests - Kaowool, Interam

Ask, 7.3.44 93-71: Fire at Chernobyl Unit 2
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7.3.45 94-12: Resolution of GI 57 Effects of Fire Prot. Sys. Actuation on SR Equipt.

7.3.46 94-22: Thermo-Lag 3-Hour Fire Endurance Tests

7.3.47 94-26: Personnel Hazards From Smoldering Material in the Drywell

7.3.48 94-28: Problems with Fire-Barrier Penetration Seals

7.3.49 94-31: Failure of Wilco Lexan Fire Hose Nozzles

7.3.50 94-34: Thermo-Lag Flexi-Blanket Ampacity Derating Concerns

7.3.51 94-58: Reactor Coolant Pump Lube Oil Fire

7.3.52 94-86: Legal Actions Against Thermal Science Inc.

7.3.53 94-86: Supplement 1

7.3.54 95-27: NRC Review of NEI Thermo)-Zag Combustibility Evaluation
Methodology

7.3.55 95-32: Thermo-Lag 330•1 Flame Spread Test esults

7.3.56 95-33: Switchgear Fire at Waterford .. nit 3

7.3.57 95-36: Problems with Post-Fire Emerngency Li(igting

7.3.58 95-36: 1SupplementI

7.3.59 95-48: Results of Shift Staffing Surey

7.3.60 95-4..: Seismi• Adequacy of Thermo-Lag Panels

7.3.61 95-49: SUpplement0I

7.3.62, 95-52: Fire Test Results of 3M Interam Fire Barrier Materials

7.3.63 95-52: Supplement 1

7.3.64 96-23: Fire in Emergency Diesel Generator Exciter

7.3.65 97-01: Improper Electrical Grounding Results in Simultaneous Fires

7.3.66 97-23: Reporting of Fires at Fuel Cycle Facilities

7.3.67 97-37: Main Transformer Fault

7.3.68 97-48: Inadequate Fire Protection Compensatory Measures

7.3.69 97-59: Fire Endurance Tests of Versawrap Fire Barriers
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7.3.70 97-70: Problems with Fire Barrier Penetration Seals

7.3.71 97-72: Problems with Omega Sprinkler Heads

7.3.72 97-73: Fire Hazard in the Use of a Leak Sealant

7.3.73 97-82: Inadvertent Control Room Halon Actuation

7.4 OTHER RELATED DOCUMENTS

7.4.1 10 CFR 50.48 Fire Protection (45 FR 76602)

7.4.2 10 CFR 50 Appendix A GDC 3 Fire Protection'

7.4.3 10 CFR 50 Appendix R Fire Protection for Operating Nuclea rPower Plants

7.4.4 Branch Technical Position APCSB 9.5-:, -1 Guidelines for Fire Projection

7.4.5 Appendix A to Branch Tech Position 9.5-1 Guidelines for Fire Protection

7.4.6 NUREG-0800 9.5.1 Fire Protection Program

7.4.7 NRC Insp. Procedure 64100 Posffire Safe Shutdo(yn,.Emergency Lighting, Oil
Collection

7.4.8 NRC Insp. Procý:edure 64150 Triehnial Postfire Safe Shutdown Capability

7.4.9 NRC hnsp. ProcedUre 64704 Fire Protection Program

7.4.10 NUREG/Bl0IlR-95 Enforcement Guidance

7.4.11 NUREG -75087 Staandard Review Plan (No revision level listed)

7.&412 NUREG-75/087 StandardReview Plan, Rev. 1

7.4.13,NUREG-75/08V Standard Review Plan, Rev. 2

7.4.14 Reg:Guide 1. 120 Fire Protection Guidelines for Nuclear Power Plants

7.4.15 Reg Guide 1.120 Rev. 1, Fire Protection Guidelines for Nuclear Power Plants

7.4.16 Reg Guide 1.189 Fire Protection for Operating Nuclear Power Plants

7.4.17 NUREG-0654 Criteria for Preparation of Emergency Response Plans

7.4.18 Temporary Instruction 2515/XXX Fire Protection Functional Inspection

7.4.19 SECY-82-13B (4/21/82) Fire Protection Schedules and Exemptions

7.4.20 SECY-82-267 (6/23/82) FP Rule for Future Plants
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7.4.21 SECY-83-269 FP Rule for Future Plants

7.4.22 SECY-85-306 Recommendations Regarding the Implementation of App R to 10
CFR 50

7.4.23 NRC Temp Instruction 2515/62 Inspection of Safe Shutdown Requirements of 10
CFR 50

7.4.24 NRC Temp Instruction 2515/61 Inspection of Emergency Lighting & Oil
Collection Requirements

7.4.25 NUREG-0050, 2/76; Recommendations Related to Browns Ferry Fire

7.4.26 NRC Letter (12/82), Position Statement on Use of ADS LPCI to meet Appendix
R Alternate Safe Shutdown Goals, discusses need for exemption if core uncovery
occurs.

7.4.27 SECY-93-143 Assessment of Fire Protection Programs

7.4.28 SECY-95-034 Re-assessment of Fire Protection Programs

7.4.29 SECY-96-134 Fire Protection Regulation Improvement

7.4.30 Appendix S Proposed Rulemakingy

7.4.31 NRC letter to NEI dated Marclh1 1. 1997; genera1 subject NRC positions on fire-
induced circ•i• failures issues

7.4.32 NEIJeter to NRC dted May 30, 1997, general subject industry positions on fire-
induced circuit failures issues

7.4.33, G-NE-T43-00Q02 00-02• Revision 0, "Generic Guidance for BWR Post-Fire
Safe Sh••down Anal3sis November 1999

7.4.34 NFPA 805, "*Performance-Based Standard for Fire Protection for Light Water
Reactor Electric Generating Plants," November 2000 ROP

7.4.35 NSAC-179L, "Automatic and Manual Suppression Reliability Data for Nuclear
Power PRlant Fire Risk Analyses", February 1994

7.4.36 EPRI TR-1 00370, "Fire-Induced Vulnerability Evaluation (FIVE)", April 1992

7.4.37 EPRI TR-105928, "Fire PRA Implementation Guide", December 1995

7.4.38 ANSI/ANS-52.1-1983 "Nuclear Safety Criteria for the Design of Stationary
Boiling Water Reactor Plants" and ANSI/ANS-51.1-1983 "Nuclear Safety
Criteria for the Design of Stationary Pressurized Water Reactor Plants"

7.4.39 SU-105928, "Guidance for Development of Response to Generic Request for
Additional Information on Fire Individual Plant Examination for External Events
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(IPEEE), a Supplement to EPRI Fire PRA Implementation Guide (TR-105928)"
EPRI, March 2000

7.4.40 EPRI Report 1006961, "Spurious Actuation of Electrical Circuits-Due to Cable
Fires: Results of An Expert Elicitation"

7.4.41 EPRI Report 1003326, "Characterization of Fire-Induced Circuit Faults: Results
of Cable Fire Testing"

7.4.42 NRC Memorandum J. Hannon to C. Carpenter, "Proposed Risk-Informed
Inspector Guidance for Post-Fire Safe-Shutdown Assoclated"Circuit Inspections,"
March 19, 2003, ADAMS Accession Number ML030-780326

7.4.43 NRC Paper to ANS Topical Meeting on Operating Reactor Safety, Preliminary
Screening of Fire-Induced Circuit Failures& foo Risk Significance," November,
2004

7.4.44 EPRI Report 1003111, Fire Event.s, Database and Generic Ignition Frequency
Model for U.S. Nuclear Power Plants" .

7.4.45 NRC Inspection Manual Chapter 0609, Appendl x F, "Fire Protection Significance
Determination Process," May• 2004

7.4.46 NEI 00-01, Revision 0, "Guidance• i•orPost-Fire Sf6e Shutdown Analysis," May
2003

7.4.47 NRC Regulatory Gtide 1.75, "Physical Independence of Electric Systems,"
Revisiohn2, September 1978

7.4.48 Raughley,' W, and>(G•> Lanik, "Operating Experience Assessment - Energetic
Faults in 4.16 klV' to 1•38 kV Switchgear and Bus Ducts That Caused Fires in

•Nucdlcea~r Power Pl~mts, 1986-2001," NRC Office of Nuclear Regulatory Research,
February 2002

7.4.49 Nowlen, S., and M. Kazarians, "Risk Methods Insights Gained from Fire
Incidents," NUREG/CR-673 8, September 2001

7.4.50 NRC :Regulaiory Guide 1.174, " An Approach for Using Probabilistic Risk
Assessment in Risk-Informed Decisions on Plant-Specific Changes to the
Licensing Basis," Revision 1,November 2002.

7.4.51 NEI 04-06, Draft Revision K, "Guidance for Self-Assessment of Circuit Failure
Issues," October 2003

7.4.52 NUREG/CR-6850, "EPRI/NRC-RES Fire PRA Methodology for Nuclear Power
Facilities Volume 1 and 2, Draft for Public Comment."

7.4.53 ANSI/ANS-58.6-1983 and 1996, "Criteria for Remote Shutdown for Light Water
Reactors"
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7.4.54 ANSI/ANS-58.11-1983 "Cooldown Criteria for Light Water Reactors"

7.4.55 ANSI/ANS-59.4-1979 "Generic Requirements for Light Water Reactor Nuclear
Power Plant Fire protection"

7.4.56 NRC Letter to Licensees dated June 19, 1979 "Staff Position - Safe Shutdown
Capability"

7.4.57 NRC Letter to BWROG dated December 12, 2000 "BWR Owners Group
Appendix R Fire Protection Committee Position of SRVs + Low Pressure
Systems Used As 'Redundant' Shutdown Systems Under Appendix R (Topical
Report GE-NE-T43-0002-00-03-RO1) TAC No. MA8545)" [ML003776828]

7.5 ADMINISTRATIVE LETTERS

7.5.1 95-06 Relocation of Technical Specification Administrative Controls

7.6 REGULATORY ISSUE SUMMARIES

7.6.1 2004-03, Risk-Informed Approach for Post-Fire Safe-Shutdown Associated
Circuit Inspections
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Attachment 1
Example of Typical BWR Safe Shutdown Path Development

Safe Shutdown Path 1 1 Safe Shutdown Path 2 1 Safe Shutdown Path 3

Reactivity Control

CRD (Scram Function)
Manual Scram and/or

Operator Manual Action to
remove RPS Power or to vent the

instrument air header

Pressure Control

Manual ADS/SRVs using
available Control Room and

Remote Switches

Inventory Control

Core Spray

Decay Heat Removal

RHR Supp. Pool Cooling Mode
Service Water

Core Spray, Alt. SDC Mode

Process Monitorin2

Supp. Pool Muiitoring
Nuc. Boiler Instru.

AsSOciated Support FunctiOns

Cooling, Systems

RHR Room C6lers ,

Service Water Pumphlouse
HVAC

EDG HVAC

Electrical

EDGs or Offsite Power
Electrical Distribution

Equipment

Reactivity Control

CRD (Scram Function)
Manual Scram and/or

Operator Manual Action to
remove RPS Power or to vent

the instrument air header

Pressure Control <.

SRVs using the available
Remote Shutdown Panel and

Remote Svitches

Reactivity Control

CRD (Scram Function)
Manual Scram and/or

Operator Manual Action to
remove RPS Power or to vent the

instrument air header

• [Pressure Control

Man'ual ADS/SRVs using
available Control Room and

Remote Switches

Inventory Control

RCIC
RHR LPCI •~

Decay Heat Removal

PRHR Supp. Pool Cooling Mok
Service Water

RHR Shutdown Cooling Mode

: Process Mont itring

Supp. Pool Monitoring
Nuc. Boiler Instru.

Associated Support Functions

Inventory Control

RHR LPCI

Decay Heat Removal

RHR Supp. Pool Cooling Mode
Service Water

RHR, Alt. SDC Mode

Process Monitoring

Supp. Pool Monitoring
Nuc. Boiler Instru.

Associated Support Function

Cooling Systems

RHR Room Coolers

Service Water Pumphouse
HVAC

EDG HVAC

Electrical

EDGs or Offsite Power
Electrical Distribution

Equipment

Coolin? Systems

RHR Room Coolers
RCIC Room Coolers

Service Water Pumphouse
HVAC

EDG HVAC

Electrical

EDGs or Offsite Power
Electrical Distribution

Equipment
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Attachment 2
Annotated P&ID Illustrating SSD System Paths [BWR Example]
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0
Attachment 3

Example of Safe Shutdown EquipmentList
(Sorted by Equipment ID) ..... _ __ _ __ _ _

Equipment ID Logic System Unit Equipment PSSD Equipment Description Equip Normal d Shutdown High lAir Power Reference

Diaigra Tvne Pat FA . Mde Mode(s) Low Fail Fail

N
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Attachment 3
(Continued)

A description of the Safe Shutdown Equipment List column headings is providedias follows:

Equipment ID

Logic Diagram

System

Unit

Equipment Type

SSD Path

Equipment Description

Equip FA

Normal Mode

Shutdown Mode(s)

High/Low

Air Fail

Power Fail

Reference

Identifies the equipment/component ID No. from the P&ID or 'one line diagram:

Identifies a safe shutdown logic diagrani reference that may ili•wtate the relationship between the
equipment and other system components,, ,

Identifies the Appendix R System of which the eequipment is part.

Identifies the Unit(s) that the equipment supports. !

Identifies the type of equipment- (•e•.2 MOV, pump, SOV).

Identifies the safe shutdown pathOs) for %which the equipment is necessary to remain functional or not
maloperate. .

Provides a brief description of the equipment.

Identifies the fiearea irinere the equipment is located.

Identifies the position or moIIeof••peration of the equipment during normal plant operation.

Identifies the position or mode of operation of the equipment during shutdown conditions.

Identifies whethier the equI i•icnt is considered part of a high/low pressure interface.

If applicable, ideritifies the position of equipment resulting from a loss of air supply.

Identifies the position of equipment resulting from a loss of electrical power.

Identifiesa prinaty reference drawing (P&ID or electrical) on which the equipment can be found.



Attachment 4
Safe Shutdown Logic Diagram [BWR Example]

QE7m
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Attachment 5
Example of Affected Equipment Report

(Sorted by Fire Area, System, Unit & Equipment ID)



Attachment 5
(Continued)

A description of the Affected Equipment Report column headings is provided as follows:

Fire Area
Required Path(s)
FA Description
Suppression
Detection
System
Unit
Logic Diagram

Equipment ID
Equip Type
SSD Path

Equip FA
Equipment Description
Normal Mode
Shutdown Mode(s)
High/Low
Air Fail
Power Fail
Disp Code
Compliance Strategy

Identifies the fire area where the equipment or cables are locitd.
Identifies the safe shutdown path(s) relied upon to achieve safe shutdown in the fire area.
Provides a brief description of the fire area.
Identifies the type of fire suppression,(e: if manual, auto, none) within the fire area.

Identifies the type of fire detection within tihe fire area.
Identifies the Appendix R System of which the equipment is part.
Identifies the Unit(s) that the equipment supports.
Identifies a safe shutdown logi&cdiagram reference that may illustrate the relationship between the
equipment and other system compoheiins
Identifies the equipment/component ID No. froin the P&ID or one line diagram.
Identifies the type of equipment (e.g- MOY, pump, SO V).
Identifies the safe shuf-tIown path(s) for which the equipment is necessary to remain functional or not
maloperate. ,
Identifies the f-re,,area where the equipnienL is located.
Provides a brief d'ccrlption of the eqidpment.-
Identifies thlekpolsitionor moide oloperation of the equipment during normal plant operation.

Identifies mn 6Jomode of operation of the equipment during shutdown conditions.
Identifies whetlici-the equipment is considered part of a high/low pressure interface.,
If applicable, ideifiiies theposition of equipment resulting from a loss of air supply.
Identifies the posit Ion of equipment resulting from a loss of electrical power.
A code tha~t con-ce,,pbnds to specific compliance strategies and enables sorting and grouping of data.
A brief dj.,CU il of the method by which the equipment is resolved to meet Appendix. R compliance.
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Attachment 6
Example of Fire Area Assessment Report
(Sorted by Fire Area, System, Unit & Equipment ID)



Attachment 6
(Continued)

A description of the Fire Area Assessment Report column headings is provided as fofll0ws:

Fire Area
Required Path(s)
System
Unit
Equipment ID
Logic Diagram

Equip Type
FA Description
Suppression
Detection
Equip Type
SSD Path
Equip FA
Equipment Description
Normal Mode
Shutdown Mode(s)
High/Low
Air Fail
Power Fail
Cable
Cable Funct
Disp Code
Compliance Strategy

Identifies the fire area where the cables or equipment are locatedW.
Identifies the safe shutdown path(s) relied upon to achieve safe shutdownv in the fire area.
Identifies the Appendix R System of which theequipment is part.

Identifies the unit(s) that the equipment supports.
Identifies the equipment/component ID No. fromi the P&ID or one line diagrnam
Identifies a safe shutdown logic diagram reference, ta•it;•iay illustrate the relationship between the equipment and
other system components 1
Identifies the type of equipment (c'g. MOV, pump, SOV),
Provides a brief description of the fire di;ca"
Identifies the type of fire suppressionh (e.g. manual, auto, none) within the fire area.
Identifies the type of fire detection within the fire arcla ,
Identifies the type of equipment (e.g. MOV, pump, SOV).
Identifies the safe shutdowNn path(s) for which the equipment is necessary to remain functional or not maloperate.

Identifies the firearea where the equipmentis located.
Provides a brief description of the equipmenw
Identifies the position or mnode of operation of the equipment during normal plant operation.
Identifies the position or mode of operation of the equipment during shutdown conditions.
Identifies whetterithe equipinent is considered part of a high/low pressure interface.
If applicable, identifies the pos6iton of equipment resulting from a loss of air supply.
Identifies the position of equipment resulting from a loss of electrical power.
Identifies the safe shutdown cable located in the fire area.
Identifies the function of the cable (e.g., power, control) and whether its failure can result in a spurious operation.
A code that corresponds to a specific compliance strategy and enables sorting .and grouping of data.
A brief disscssiin of the method by which the cable is resolved to meet Appendix R compliance.
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APPENDIX A

SAFE SHUTDOWN ANALYSIS AS PART OF AN OVERALL FIRE
PROTECTION PROGRAM

A.1 PURPOSE

This appendix discusses the significant improvements that "have been made within
nuclear industry fire protection programs since the Browns Ferry fire. The discussion
will include what defense-in-depth features, in aggregatei constitute a complete and
comprehensive fire protection program and what part he safe shutdown analysis plays in
that aggregate.

•A.2 INTRODUCTION

Each licensee's fire protection program is basedton theconcept of defense-in-depth. The
Appendix R safe shutdown assumptions related to fire intensity and damage potential
represent a conservative design h•basis in that they 1ostulate conditions significantly
beyond those that are ever expected to occur based on the existng defense-in-depth plant
features. Fire damage and equipment failures, to the extent postulated in an Appendix R
safe shutdown analysis, have never been experienced in anr operating U.S. nuclear power
plant. The worst-casefire ever experienced in a U.S.inuclear power plant was in 1975 at
the Browns Ferry Nuclear Power PlantiKUnit 1. Changes made in the design of U.S.
nuclear power plants since this fire have significantly improved the fire safety of these
units such that the sequence of events that occurred at Browns Ferry is not expected to
recur.

The sect6nsthat follow discuss the Brown's Ferry fire, the investigation of that fire, the
reciommendations made to' prevent recurrence of such a fire and the improvement made
by the U.S. nuclear power industiry relative to these recommendations.

A.3 OVERVIEW

A.3.1 Browns Ferry Fire: Regulatory History

In March of 1975, a fire occurred at the Browns Ferry Nuclear Plant Unit 1. Due to
unusual circumstances, the fire was especially severe in its outcome and resulted in
considerable loss of systems and equipment with temporary unavailability of systems that
would normally be utilized to safely shut down the plant for such events.

The severity of the fire caused the NRC to establish a review group that evaluated the
need for improving the fire protection programs at all nuclear plants. The group found
serious design .inadequacies regarding general fire protection at Browns Ferry and
recommended improvements in its report, NUREG-0050, "Recommendations Related to
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Browns Ferry Fire" issued in February 1976. This report also recommended
development of specific guidance for implementation of fire protection regulation, and
for a comparison of that guidance with the fire protection programs at each nuclear
facility.

The NRC developed technical guidance from the recommendations set forth in the
NUREG and issued those guidelines as Branch Technical Position (BTP) APCSB 9.5-1,
"Guidelines for Fire Protection for Nuclear Power Plants," May 1976. The NRC asked
each licensee to compare their operating reactors or those under construction with BTP
APCSB 9.5-1 requirements and, in September 1976, informed the licensees that the
guidelines in Appendix A of the BTP would be used to analyze the consequences of a fire
in each plant area. ,

In September 1976, the NRC requested that licenS sspprovide a fire hazards analysis that
divided the plant into distinct fire areas and show that systems required to achieve and
maintain cold shutdown are adequately protected against damage by a fire.&Early in 1977
each licensee responded with a fire protection program eyaluation that included a Fire
Hazards Analysis. These evaluations and analyses, identified aspects of licensees' fire
protection programs that did not conform to the 'NRC guidelines. Thereafter, the staff
initiated discussions with all licensees aimed at achieving implementation of fire
protection guidelines by October 1980; The NRC staff has held many meetings with
licensees, has had extensive correspondence with them, and has visited every operating
reactor. As a result, many fire protection open items r were resolved, and agreements were
included in fire protection Safety Evaluation Reports iisued by the NRC.

By early 1980, most operating nuclear plants had implemented most of the basic
guidelines in Appendix A o fdthe BTP. However, as the Commission noted in its Order of
May 23, 1980, the -fire protection programs had some significant problems with
implementation. Several licenseess had expressed continuing disagreement with the
reconimendatibns relating,. to several 'generic issues. These issues included the
requiirements for fire brigade size and training, water supplies for fire suppression
systems, alternative, and editcated shutdown capability, emergency lighting,
qualifications of se'als used tojenclose places where cables penetrated fire barriers, and
the prevention of reactor coolant pump lubrication system fires. To resolve these
contested Subjects consistent with the general guidelines in Appendix A to the BTP, and
to assure timiely compliance by licensees, the NRC, in May of 1980, issued a fire
protection rule, 10•CFR 50.48 and 10 CFR 50 Appendix R. NRC described this new rule
as setting forth minimum fire protection requirements for the unresolved issues. The fire
protection features addressed in the 10 CFR 50 Appendix R included requirements for
safe shutdown capability, emergency lighting, fire barriers, fire barrier penetration seals,
associated circuits, reactor coolant pump lubrication system, and alternative shutdown
systems.

Following the issuance of Appendix R, the NRC provided guidance on the
implementation of fire protection requirements and Appendix R interpretations at nuclear
plants through Generic Letters, regional workshops, question and answer correspondence
and plant specific interface. This guidance provided generic, as well as specific, analysis
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criteria and methodology to be used in the evaluation of each individual plant's post-fire
safe shutdown capability.

A.3.2 Fire Damage Overview

The Browns Ferry fire was a moderate severity fire that had significant consequences on
the operator's ability to control and monitor plant conditions. Considerable damage was
done to plant cabling and associated equipment affecting vital plant shutdown functions.
The fire burned, uncontrolled, while fire fighting efforts, usink CO2 and dry chemical
extinguishers, continued for approximately 7 hours with little 6success until water was
used to complete the final extinguishing process.

During the 7-hour fire event period, the plant (Unit, 1I) experienced the loss of various
plant components and systems. The loss of< cetain vital systems and equipment
hampered the operators' ability to control the plait using the 'Lill complement of
shutdown systems. The operators were successful in bringing into operation other
available means to cool the reactor. Since both Units I and 2 depended upon shared
power supplies, the Unit 2 operators began to lose contro•lof vital equipment also and
were forced to shut down. Since only a small amouint of equipment was lost in Unit 2,
the shutdown was orderly and without incident.

The results of the Browns Ferry fire evenit yielded impoi-t:nt information concerning the
effects of a significant fire on the ability 6(fhicplant to safely shut down. Although the
Browns Ferry fire event was severe and the durautiinol'the fire and the loss of equipment
were considerable. radiological ,Impact to the public, plant personnel and the
environment was "no more significant than from a routine reactor shutdown. At both Unit
I and Unit 2, the'reactor cores remained adequately cooled at all times during the event.

Due to numerous design iiid plant o.erational changes implemented since 1975,
including post-TMI improvements iniemiergency operating procedures, nuclear power
plants in operation today are significantly less vulnerable to the effects of a fire event
such as that experienced a:t Browns Ferry. Since 1975, a wide range of fire protection
features, along with regulatory and industry guided design and procedural modifications
and enhancements, has been implemented. The combination of these upgrades has
resulted in a significant increase in plant safety and reliability, and, along with
preventativremeasures, they help to ensure that events similar in magnitude to the Browns
Ferry fire will not occur again. The improvements in plant design and procedural
operations incorporated since the Browns Ferry fire are described below. The designs
and operating procedures that existed at Browns Ferry at the time of the fire are also
detailed.

A.3.3 Causes of the Browns Ferry Fire, its Severity and Consequences

The following factors contributed directly to the severity and consequences of the
Browns Ferry fire.

N Failure to evaluate the hazards involved in' the penetration sealing operation and to
prepare and implement controlling procedures.
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0 Failure of workers to report numerous small fires experienced previously during
penetration sealing operations, and failure of supervisory personnel to recognize the
significance of those fires that were reported and to take appropriate corrective
actions.

M Use of an open flame from a candle (used to check for air leaks) that was drawn into
polyurethane foam seal in a cable penetration between the Reactor Building and the
cable spreading room.

0 Inadequate training of plant personnel in fire fightingý techniques and the use of fire
fighting equipment (e.g., breathing apparatus, CxMtILg'Luhers and extinguishing
nozzles).

0 Significant delay in the application of waterI i fighting the fire. T

0 Failure to properly apply electrical separation criteri Idesigned to preent the failure
of more than one division of equipment froi cabile tray fires. Examples are:

0 Safety-related redundant (1hlyisional raceways w:ere surrounded by nonsafety
related raceways that becamic eorrmbustible paths routed' between divisions (i.e.,

even though separation betveeni redndant divislon cable trays was consistent
with the specified horizontal and ve\rtcalrequire.d distances, the intervening space
was not free of combustibles 'asrequired by the existing electrical separation

critera). eetill ~ em n

* Contrary to electrical separation crieria, one division of safety related cabling
was not phiysicallyi separated from the redundant division due to cabling of one
division routed Infconduit wit•w n the "zone of influence" of the open redundant
division cable tray• Proper application of electrical separation criteria requires

.. that a tray .cover or other, barrier be installed on the top and/or bottom of the open
redundant raceway or between redundant raceways to contain the fire within the

. open tray and not affect redundant division conduits.

.FaJlure to properly separate redundant equipment indicating light circuits, leading
to theT loss of redundant equipment necessary for safe plant shutdown.

* Cabling utilized within the Browns Ferry raceway system included cable jacket and
insulation materials that were less resistant to fire propagation (e.g., PVC, nylon,
polyvinyl, nylon-backed rubber tape, and neoprene).

A.3.4 Fire Protection Program Improvements Since Browns Ferry

The Browns Ferry nuclear facility generally conformed to the applicable fire protection
and electrical separation criteria and guidelines that existed when it was licensed to
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operate by the NRC in 1968. However, the 1975 fire identified a number of areas
concerning fire protection design, plant operating criteria, electrical separation and
defense-in-depth considerations that required improvement. As described above, the
NRC provided the industry with guidance for improvement of fire protection programs
through BTP APCSB 9.5-1, Appendix A, 10 CFR 50 Appendix R and other related
regulatory correspondence. The improvements addressed in NRC guidance are as
follows:

1. Fire Prevention Features:

* Fire hazards, both in-situ and transient, are identified and eliminated where
possible, and/or protection is provided.

0 Sufficient detection systems, portable exgfiingishers, and standpipe and hose
stations have been provided. These systems' 'are designed, installed, maintained,
and tested by qualified fire protectionjersonnel.

" Ignition sources controlled.

2. Fire Protection Features:

" Fire barriers and/or automaici suppression systems lhave been installed to protect
the function of redundant systems or commponents necessary for safe shutdown.

* Surveillance procedures have ceni establiished•to' ensure that fire barriers are in
place and>that fire suppression sy stes and components are operable.

* Water supplies for fire protection 1features have been added, both for automatic
and mIanual fire fighting capability.

* Automatic fi1r-e tection systems 'have been installed with the capability of
operating ýwIth or... ithout offsite power availability.

" Emergency lighting units with at least 8 hours' battery capacity were provided in
those areas where s shutdown system control was necessary as well as in
~access and egrss areas thereto.

* Fire barrier qualification programs have been established to qualify and test
prospectIve barrier materials and configurations to ensure that their fire endurance
and res)sti I'ty is acceptable.
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3. Fire Hazards Control:

* Administrative controls have been established to ensure that fire hazards are
minimized.

* The storage of combustibles in safe shutdown areas has been prohibited or
minimized. Designated storage areas for combustibles have been established.

* Transient fire loads such as flammable liquids, wood and plastic have been
limited.

" The use of ignition sources is controlled through procelures and permits.

* Controls for the removal of combustibles from% ork area, following completion
of work activities, have been established.

• Proposed work activities are reviewed by in-plant fire protect io staff for impacts
on fire protection.

* Noncombustible or less flammable materials including penetration seals, cable
jackets, fire retardant wood products, etc, are ieing used.

" Self-closing fire doors have been installed.

" Oil collection systems ha8ve been installed for® reactor coolant pumps for
containments that are not inerted.

4. Fire Brigade/Training:

* Site fire brigades have been established to ensure adequate manual fire fighting
capabi1ity is availabl ,

" A fire brigade training program has been established to ensure that the capability
tofight potentil fires is maiinirand. Classroom instruction, fire fighting practice
and fire drills are performed at regular intervals.

" Fire brigade training includes:

"- Assignmenti of individual brigade member responsibilities
", The toxic anid corrosive characteristics of expected products of combustion
S>Identification and location of fire fighting equipment

" Identification of access and egress routes
" Proper use of fire fighting equipment to be used for electrical equipment fires,

fires ini cable trays and enclosures, hydrogen fires, flammable liquids fires,
hazardous chemical fires, etc.

" Proper use of communication, emergency lighting, ventilation and breathing
equipment

" Review of detailed fire fighting strategies and procedures.
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5. Post-Fire Safe Shutdown Capability

" A comprehensive post-fire safe shutdown analysis program, using the
methodology and criteria similar to those described in this report, has been
established to ensure that post-fire safe shutdown capability is provided.

* Fire damage is limited so that one train of safe shutdown equipment necessary to
achieve and maintain hot shutdown is protected and free from fire damage.

" Cabling for redundant trains of safe shutdown equipment is separated by 1- or 3-
hour fire rated barriers. In areas where 1-hour ratedharrilers are used, additional
protection is provided by fire detection and an automiatic suppression system.

* Twenty feet of space, containing no intervening' combustihles, is provided in lieu
of barriers, where applicable. Additional prnotection is pro% ided by fire detection
and an automatic suppression system ,4:

* Where redundant trains of equipment, inecessar for post-fire safe •hutdown, are
located in the same fire area and adequate protection for one train cannot be
achieved, an alternative or dedicated fire safe shutdown system has been
established as follows: ,

Alternative or dedicated fire safe shutdown systems are capable of achieving and
maintaining subcritical reatvity, conditions in the•reactor, maintaining reactor
coolant inventory;ving andmaitailng hoL or cold shutdown conditions

within 72 hours. 4 %. .

" Process mnonitoring instrumentation is provided with the capability of directly
monitorong those process variables',iecessary to perform and control post-fire safe
shutdown functions.

". Supporting functions (cooling, lubrication, HVAC, etc.) necessary to ensure
continued operation of post-fire safe shutdown systems/equipment are provided.

A.4 CONCLUSION

The changes made toa(le plant fire protection programs in response to the Browns Ferry
fire as described aboxe provide reasonable assurance that the plant design and operation
will be safe :from the effects of fire. When these changes are integrated into an approach
similar to that oitlined in the body of this document for assuring the ability to achieve
and maintain post-fire safe shutdown, the result is a significantly enhanced plant design
with emphasis on precluding any unacceptable consequences resulting from plant fires.
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APPENDIX B

DETERMINISTIC CIRCUIT FAILURE CRITERIA

B.1 PURPOSE

The purpose of this appendix is to provide the criteria and the justification for the
criteria provided in Chapter 3 for evaluating circuit failures within a deterministic
analysis. This appendix serves to identify the typesof circuit failures that need to
be considered as part of a deterministic analysis_ It also identifies how these
circuit failure types need to be considered in the various circnu.ttypes employed in
a nuclear power plant. In addition, a sub-appendix pro• ides information
supporting the elimination of multiple high impedance faults from a plant's
deterministic analysis criteria. Referefnce3to and analysis of Industry and NRC
sponsored fire test results is made to suppot the criteria related to whether certain
circuit failures should be considered as crdibiljini petforming a deterministic
evaluation.

B.2 INTRODUCTION

A Fire Protection Program (FPP) licensed to the deterministic requirements of
IOCFR50, Apeindix R; Appendi, A to Branchl Technical Position 9.5-1; or,
NUREG 0800 Section 1.5-1 is based on the concept of fire protection defense-in-
depth. Theý principles offire protection defense-in-depth are as follows:

.* Prevent fires from starilng.
0 Rapidly det¢ect and suppress fires that do occur.
? Provridepassi] fire protection features to prevent fire spread and damage.

Within this en•,elope of fire safety, licensees also perform a SSA that
...demonstrates the ibility to achieve and maintain safe shutdown in the event of a
singlc fire i an implant fire area. The typical assumption associated with the
deter•miintic SSAk is that the fire damages any equipment or circuits contained
within the fire~h area. This assumption, when evaluated-in light of the defense-in-
depth approach described above, is considered to be a conservative assessment of
the upper bound potential for fire damage. This assumption is used as an
alternative to specifying a design basis fire and assessing the impact of the design
basis fire on the components and circuits in each fire area. Due to the level of
conservatism inherent in this assumption, essentially all licensees assumed that
not all fire failures within a given fire area occurred at the same time and, as a
result, fire-induced impacts could be evaluated and mitigated on a one-at-a-time
basis. Prior NRC Staff concurrence with this approach can be inferred from the
numerous licensee safety evaluation reports that endorsed the approach either
directly or tacitly.
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In the .1990's, NRC Staff began to question the validity and level of conservatism
associated with the assumption of being able to evaluate and mitigate fire-induced
effects on safe shutdown equipment and cables on a one-at-a-time basis. This
questioning was the genesis for a series of efforts on the part of both the NRC and
the Industry to attempt to demonstrate and define the proper set of assumption to
be used for a post-fire SSA. Included within the efforts undertaken by both NRC
and the Industry was a series of cable fire tests. The initial cable fire tests were
conducted by NEI/EPRI. Subsequent to the NEI/E1Rl testing, the NRC
conducted the CAROLFIRE cable testing program.

Each of these cable fire testing programs demonstrated that hot shorts resulting in
spurious operations were possible. The probabilities developed to capture the
likelihood of a hot short resulting in apu•iQýs' operati however, were
conditional and based on the subject cable being damaged by the fire. For
thermoset cables, cable damage occurred when the cable temperature reached

* approximately 700'F. For thermoplastic cables, cable damage occurred when
cable temperatures reached approximately 400'F. In either of these cases, cable
failure was not instantaneous, but took approximitely 15 to 30 minutes to occur.
When cable damage did result M a hot short with thei[potential to cause a spurious
operation, the hot short was ty1iIIla%.. of short duration lasting much less than 10
minutes in the worst case.

The initial cursor ,assessment of tltest•St results wIa that they had demonstrated
that multiple rhot tshorts and MSOs were, in fact, highly likely and that a SSA
failing to iniclude such multiple hot shorts and MSOs was deficient and potentially
unsafe. This led to NRC issuing draft Generic Letter 2006-XX that would have
required licensees'to(() iddress all potential fire-induced circuit failures and hot
short induced spurlo:us oliciratioDS occurring simultaneously.

This response: to the cable f7re test results is problematic for a number of reasons.
First, implementing the criteria contained in Generic Letter 2006-XX, even

,gnoring the fact( that such a criterion is totally unbounded and virtually
impossible to define, would require defining multiple design basis fires for each
fire a-aca. The definition of a design basis fire in a deterministic analysis is in
direct colfflict with the assumption historically used by licensees and endorsed by
the NRC ofi'e spread throughout the fire area. Second, using a conditional
probabilityof a hot short and spurious operation predicated on the fire damaging
the cable directly ignores all of the defense-in-depth fire protection program
features that are highly likely to prevent cable damage from ever occurring.
Third, when the defense-in-depth fire protection program features are combined
with the results of the cable fire testing, the following conclusions are as
supportable as those derived from the initial cursory assessment of the test results:

0 The current assumption historically used in a post-fire SSA that all circuits
within the fire area could be damaged is conservative. The tests results
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showed that even at temperatures above 700'F, not all cables in each test
were damaged. Certainly in most fire areas which are significantly larger
than the test furnace, fire damage to cables will be restricted to those in
close proximity to the fire.

* The conclusion above,.which suggests that fire damage throughout the fire
area will take sometime to develop as the fire spreads, when coupled with
the fact that hot shorts and spurious operations in the fire tests took some
amount of time to develop even*for cables directly affected by the fire,
suggests that an assumption of evaluation and mitigation of the effects of
fire-induced circuit damage on a one-at-a-tlime basis is not that
unreasonable for circuits with some degree otf eparation.

* The current assumption that each conductori each cable within the fire
area must be evaluated for the effects of a hot short, a short-to-ground and
an open circuit is a conservative assumption, since the testing showed that
not all conductors in all cables in the fire test actually exp>erenced these
fire-induced circuit failures. .

* Finally, given the less than predictfable•response of any given conductor in
any cable to the damaging effects of thcfire, it seems overly conservative
to assume that, universally, specific conductors within a number of cables
will simultaneously experience the fire-induced effects necessary to results
in the combination of spudnouis operations required to provide a specific
system level spurious operatioii impact. The efficacy of single spurious
operations has been clearly demonstrated by the cable fire testing. Due to
the demonstrated potential foi- spurious operations seen in the cable fire
testing, some degree of consideration of simultaneous impacts to multiple
components as a result of fire-finduced hot shorts is warranted, particularly
for hot s'horts within multi-conductor cables, but the need to consider all
potential afire-inluced circuit f3ilures and hot short induced spurious

-operations 0ccurring simultaneously is clearly not a viable conclusion that
caii be-drawn from the cable fire testing. Appendix G to NEI 00-01
provides ia list of thieMSOs that should be considered in a post-fire SSA.

In this appendix, the cable fire test results will be examined to determine how the
current deterministic criteria, historically used for post-fire SSA circuit failures,
needs to be adju-std to maintain an appropriate level of fire safety and design
conservatism. •i

B.3 CIRCUIT FAILURES CONSIDERED IN DETERMINISTIC ANALYSIS

B.3-1 Overview of Analysis:

A typical deterministic Appendix R analysis, as described in this document,
includes the following steps:

* Identifying Required Safe Shutdown Systems
* Identifying Required Safe Shutdown Equipment
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0 Identifying Required Safe Shutdown Cables
• Identifying Physical Plant Locations for each
* Assuring "One" Safe Shutdown Path with the capability to achieve and

maintain safe shutdown in the event of a single plant fire is available for
each fire area.

In assuring the availability of a single safe shutdown path in each fire area, the
following conservatisms typically apply:

" Fire areas represent large areas of the plant and d•, mg•g throughout the fire
area is assumed.

" All unprotected equipment and cables within the fire area are assumed to
be damaged by thefire. .

* All unexamined equipment and cables are not credited for, mitigating the
effects of fires.

* Equipment damage is assumed Unless the damage, were?, it to be
postulated, provided a benefit to achieving oir maintaining safe shutdown.

In assessing the impact to post-fire safe shutdown in each fire area, the guidance
in NEI 00-0 1 does the followilg:1.

" It provides a methodology•for ideitifying equipment and cables of concern
for Appendix R Safe Shutdown.

* It provides a means of mitig•ting every equipment impact and any impacts
to the, selected .combinations of equipment impacts, MSOs, identified in
Appenidix G.

* It represents an approach that can be consistently applied by licensees
. throughout the entire industry.

B.3-2, Description of Circuits and Circuit Failure Characteristics:

The types of circuit failures considered in the guidance provided in this document
are as follows:

" 0-pen C-ircuit
" Short-to-Ground
• Hot short
* High Impedance Fault (NEI CFITF has recommended that consideration

of MHIFs be eliminated. Refer to Appendix B. 1)

The types of circuits that can be affected by the circuit failure types described
above are as follows:

• Power circuits that provide motive power to components once a control
circuit properly aligns the component to its bus.
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* Primary control circuits that provide operating signals to specific
components.

* Secondary logic circuits that provide input through auxiliary contacts to
primary control circuits based on instrumentation feedback from plant
instruments.

* Control power to primary control and secondary logic circuits that provide
the control power necessary for the primary control power and secondary
logic circuits to function.

0 Instrument circuits that provide either indication to operators or input to
primary control or logic circuits.

Typically, an open circuit in any of the circuit types a§:.ribed above has the
potential to result in a loss of function for the circuit type.

Similarly, a short-to-ground in any of the circuit types described above has the
potential to result in a loss of functfionr for the circuit and it has the additional
potential to result in loss of power to components powered from electric sources
upstream from the affected circuit. To addressthis potential, the NRC in Generic
Letter 81-12 presented the ,,oncept of Associated Circuits - Common Power
Supply. Associated Circuits•,-, Common- Power Supply is addressed by
breaker/fuse coordination. Multiple High Impedance Faults (MHIF) are another
way that fire -induced circuit failures can result in a loss. of power to components
powered from electric sources upstreamd from the affected circuit. With MHIF,
even though all breakers and fuses mayTbe properly coordinated, a combination of
cable faults avn runing• p loads associated with circuits feed from a common bus,
can resul• Isorc les.oss of the feeder breaker to the bus due to over current from the
combination of fault and running currents.' Appendix B.n and the results of the
NRC and Induistry cable fireoresting have concluded that the occurrence of MHIFs
is not credible and, as such,~ It duo's niot need to be included in the design criteria
opr post-fire safe shutdown circuit analysis. The concept of MHIFs was
inetroduced in NRC Generic Letter 86-10.

Hot shorts have the potential to energize circuits from a source different than the
power source designed for that purpose. As a result, hot shorts have the potential
to spuriously start/stop or open/close components. Depending on the affected
component andits function within the shutdown scheme, this starting/stopping or
opening/clfsing could pose a potential impact to post-fire safe shutdown.
Solenoids \ alves controlling the opening or closing of valves, for example, also
have the potential to experience an undesired change of state as a result of an
open circuit or short-to-ground.

Typically, any of the circuit failure types described above, should they be-
experienced by a component on the required safe shutdown path in a given fire
area, will require mitigation. A component on the required safe shutdown path in
a given fire area must be. able to perform its required safe shutdown functi on.
Since a hot short, a short-to-ground or an open circuit needs to be postulated for
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any conductor in any affected safe shutdown cable in the fire area and since a
short-to-ground or an open circuit will result in a loss of function, little analysis is
required to conclude that such a potential cable impact is a concern that needs to
be addressed.

Conversely, for components that are not specifically required to function in
support of post-fire safe shutdown in a particular fire area, but whose malfunction
can result in an impact to the systems and components that must function in
support of post-fire safe shutdown, the hot short is the primary circuit failure of
concern. This is true because hot shorts have the potentiai to cause equipment to
change state to an undesired position that can result inconditions such as, flow
diversions form reactor vessel make-up or decay heaiiremoval systems being used
in support of post-fire safe shutdown. The group (f components falling into this
category has been described by the NRC in Generic Letter 81-12 as Associated
Circuit - Spurious Operation. Within the post-fire SSA, it becomes difficult to
completely distinguish Safe Shutdown Components, from components classified
under Associated Circuits - Spuriou'is Operation. •;This is true because many
components are both. A Safety Relief Valve (,S) RV) in a" BWR may be classified
as a Safe Shutdown Component in a fire areaihere SRVs and Low Pressure
Systems are used as the required safe shutdown path for achieving and
maintaining post-fire safe shutdowtvn. Conversel thatsame SRV may be
classified as an Associated Circuit __Spurlous Operation in a fire area where a
steam-driven RCIC System is used as the require';, safe shutdown path for
achieving and maintaining post-fire safe sutmdown. In this latter case, a
spuriously open&PSRV could be sufficient to remove the required motive steam
from the react, thereby impacting the ability of RCIC to perform its required
reactor vessel rmakce-up tunction. As,,a< result, in may licensees post-fire safe
shutdown analyss, Safe& Shutdown Components and Associated Circuits -
Spurious Operation are notidifinigulshed.

. his appendix provides criteria for addressing each of the fire-induced circuit
, failures described above ine ach of the circuit types described above based on the

Iraditional approach used for post-fire safe shutdown circuit analysis adjusted, as
appropriate, by the results of the NRC and Industry cable fire testing.

B.4 INSIGHTS FROM CABLE FIRE TESTS

B.4-1 NE.IEPRI Cable Testing:

The conclusions of the NEI/EPRI Cable Fire Testing are documented in Section
14.4 of EPRI Report 1003326, Characterization of Fire-Induced Circuit Failures.
Pertinent Key Observations and Conclusions from the EPRI Report are provided
below:

Given cable damage, single spurious operations are credible and multiple
spurious operations cannot be ruled out. External cable hot shorts are also
credible, but have a significantly lower probability of occurrence than do

B-6



internal hot shorts. An important outcome of the tests is that no external
cable hot shorts produced a spurious operation in thermoset cable.

* Given that a hot short occurs in a multi-conductor cable, it is highly
probable (over 80%) that multiple target conductor cables will be affected
(i.e. multiple simultaneous dependent hot shorts).

* The proximity of conductors to each other is the predominant influence
factor in determining fault mode. "Opportunity" must exist for two
conductors to short together.

• No open circuit faults occurred during the&Test Prograim. Open circuits do
not appear to be a credible primary cable failuire mode for fire-induced
cable faults.

* Statistical characterization of fire-induced cable faillures is achievable.
General trends are predictable and primary inluence factors are
understood. However, probability estimnaites still carry a relatively high
uncertainty.

* Definitive predictions of fire-induced circuit failure outcomesg are not
viable. The specific behavior and cdaracter•Is•ics of any one fault cannot
be predicted with full certainty. Faihiiv mode is a.function of localized
conditions and subtle, aspects of geometi-% and configuration. A full
understanding of the fault dynamics and iinter-ependencies is beyond the
current state of knowledge.

* The dominant influence factors ifo the likelihood of spurious operations
are: cable type; power supp•ly Iaricteristics; tray fill; conductor
connection pattern.

* Cables do not fail immediately. The average time to failure exceeded 30
minutes for thermoset and" armored cables and 15 minutes for
thermoplastic cables. These statistics are meaningful and important in real
world application of test results. The time frames show that early action in
a fire is highly likely to be effective at accomplishing the desired function.
Preplanned high \value actions have a high probability of success and
should reduce both likelihood and consequences of serious fires.
Similarly, early pre-emptive action for high risk spurious operation

'zcomponents will significantly reduce the risk posed by these components.

- ,Spurious operations are a transient and finite event; ultimately circuit
conditions will degrade to a point that a ground fault de-energizes the
source conductor. Postulating that spurious operations will last
indefinitely in the absence of intervening action appears to be unrealistic.
Probability calculations for thermoset cable. indicate that over 96% of all
spurious operations will terminate within 10 minutes. This probability
estimate carries an uncertainty of approximately 7% at the 95%
confidence level.

The following insights can be gained from a review of the key observations and
conclusions from the NEI/EPRI cable testing relative to various aspects of the
criteria in NEI 00-01 Revision 1 applied in a post-fire SSA:
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1.) Addressing Cable Faults one-at-a-time vs. all together at the same time:

The results of the Expert Opinion Elicitation conclude that the effects of
hot shorts leading to spurious operations cannot be ignored. This
conclusion is also echoed in the EPRI Report providing the testing results.
The EPRI Report providing the results of the cable testing, however, also
concludes that the predominant factor in determining cable fault mode is
proximity. "Opportunity" must exist for two conductors to short together.
Given the current regulatory requirements for divisional separation,
proximity of cables for redundant trains should preclude the negative
effect of multiple spurious operations at the component and system level.
What the testing showed was that conductors within a common cable in a
common cable tray could be affected simultaneousliy Conductors for
redundant trains are precluded from•beig run within a common cable or
cable tray. Given that the approach outlined in NEI 00-0 1 Revision I
applies the same criteria to all<s•fe shutdowvn cables in the fire area, the
approach is extremely conservative relative to the "proximity" findings of
the EPRI/NE . . Testing.

The EPRI/NEI Testing! provides no positive indication that multiple
spurious operations affecting multiple redundant trains is possible given
the current nuclear power piant design and regulatory requirements for
divisional separation. Based on the results of the cable fire testing,
however, Vconsideration of MSOs for selected cables and components may
be warnanted. Appendix G tfoNEI 00-01 provides a list of the MSOs that
should be considered in a post-fire SSA.

2.) Addressing Cable Faults for all conductors in each safe shutdown cable:

T1hCE PRI/wI I esting provided information suggesting that the approach
to post-fire safe shuiidoxyn outlined in NEI 00-01 Revision 1 is generally
conservative. First ofall, no cases involving open circuits were identified.
The approach outlined in NEI 00-01 Revision 1 required that open circuits
be postulated for each conductor in each safe shutdown cable on the

• required safe shutdown path in the fire area. Secondly, in the testing hot
shorting in cables in conduit was deemed to be unlikely. The approach
oiutlined in NEI 00-01 Revision 1 required the postulation of a hot short on
each conductor in each safe shutdown cable regardless of the raceway
type. Finally, in the testing inter-cable hot short were found to be highly
unlikely. The approach outlined in NEI 00-01 Revision 1 required the
postulation of inter-cable hot shorts.

The EPRI/NEI Testing has shown that the approach outlined in NEI 00-01
Revision 1 to fire-induced circuit failures is generally conservative. Based
on the results of the cable fire testing, however, consideration of MSOs for
selected cables and components may be warranted. Appendix G to NEI
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00-01 provides a list of the MSOs that should be considered in a post-fire
SSA.

3.) Duration and timing of the hot short causing a spurious operation:

Based on the testing, multi-conductor cable are more likely to experience
conductor-to-conductor shorts than conductor-to-ground shorts. By
postulating a hot short on each conductor in each safe'shutdown cable, the
approach outlined in NEI 00-01 Revision 1 addressed this. Given that
redundant train functions are not included within the same cable, not
combining the effects of these hot shorts is not viewed as a serious non-
conservatism.' Based on the testing, when these intra-cable conductor-to-
conductor shorts occur, however, they take approximately 15 to 30
minutes to occur and they last for approximately 10 minutes. This aspect
of the testing renders the criterion in the approach outlined in NEI 00-01
Revision I requiring the assumption of a hot short lasting until ai action is
taken to isolate the fault to be conservative. This aspect of the testing also
validates assumption made by some licensees that time is available to take
an action to mitigate the effect of a potential spurious operation.

The EPRI/NEI Testing hashown that the approach•outlined in NEI 00-01
Revision 1 to fire-induced, circuit fAilures is generally conservative.

4.) Affect of Testing on Prior Beliefs about oth2 aspects of Fire-Induced
Circuits FaIlures.

The combined opinions of a number of the Expert Panel Members
concluded that best estimate for the overall likelihood of a spurious

- j operationvfor a therion6 cable (i.e. cable type used most predominantly in
theindustry)iihes:somewhere between 0.0001 [Brady Williamson] and
0.155 [Setion 7.5.;2,Technical Summary]. This is consistent with
previously published ihformation suggesting that the probability of a hot
short/spurious operation was 0.068.

ihe testing confirmed that the degradation threshold temperature for
thermoplastic cable was approximately 400'F and for thermoset cable was
approximately 700TF. This is consistent with the previous test results,
particularly the oven aging tests conducted at SNL years ago.

To a large extent, the EPRI/NEI Cable Testing has confirmed much of the
collective wisdom available prior to the testing.
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B.4-2 CAROLFIRE Cable Testing:

The conclusions of the CAROLFIRE Cable Fire Testing are documented in
Section 9 of Volume 1 of the CAROLFIRE Test Results. Pertinent Key
Observations and Conclusions from the CAROLFIRE Report are provided below:

The following is Bin 2 Item A as quoted directly from the RIS:

"Intercable shorting for thermoset cables, since thfblailure mode is
considered to be substantially less likely than intracab'le shorting."

Based on the available data with respect to Bin 2 ltcm A the
CAROLFIRE project has reached the folidýing conclusions:

, .

Inter-cable shorting between two 7S-insulated cables thd# could cause
hot shorts and the spurious operation of plant equipment wica sfound to
be a plausible failure mode, althc•ugh the likelihood of this failure mode
is low in comparison to intra-cable short circuits leading to spurious
operation. While no detailed statistical analysis has been performed, it
appears that the conditional probability (give cable failure) of
spurious operations arisingfrom this specific.failure mode is small in
comparison to that previously estimated for s7urious operations from
intra-cable shorting.

The f611omgia],.s Bin 2 Item B as quoted directly from the RIS:

"Jwerca.ble shorting between th*ermbplastic and thermoset cables, since
this fafilucmode is considered less likely than intracable shorting of

aither cabl t'pe orinltr(aible shorting of thermoplastic cables."

Based &. the available data with respect to Bin 2 Item B the
CAROLF RE project has reached the following conclusions:

Inter-cable shorting between two a TP-insulated cable and a TS-
insulated cble that could cause hot shorts and the spurious operation of
plant equi pment was found to be a plausible failure mode, although the
likclihood of this failure mode is low in comparison to intra-cable short
circuits leading to spurious operation. While no detailed statistical
analysis has been performed, it appears that the conditional probability
(give cable .failure) of spurious operations arising from this specific
failure mode is very small in comparison to that previously estimated
for spurious operations from intra-cable shorting.

The following is Bin 2 Item C as quoted directly from the RIS:
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"Configurations requiring failures of three or more cables, since the
failure time and duration of three.or more cables require more research
to determine the number of failures that should be assumed to be
"likely ".

Given the available data relevant to Bin 2 Item C, the CAROLFIRE
project has reached the following conclusions:

The currently available data provide no basis Ior establishing an a -

,priori limit to the number of spurious operations that might occur during
a given fire. We further find that the timing ofmspurious operation is a
strong function of various case-specific facltorshi luding in particular
the relative location of various cables relative to the fire source, the
routing configuration (e.g., open cable tirays or cm-r~ drops versus
conduits), the thermal robustness of the cables insulation 4material, and
the characteristics of the fire source. •, ,

The following is Bin 2 Item D as quoteýd directly from the RIS:

"Multiple spurious operations in control circuits -with properly sized
control power transformers (CPTs) on the source conductors, since
CPTs in a circuit can sibstantially i'educe.i the likelihood of spurious
operation. Specifically, where multiple (i~c., two or more) concurrent
spuriousl opetrations due to control cable damage are postulated, and it
can hbe verifieditIhat the power to each impacted control circuit is
s'aupplied via a CPT with a power capacity of no more than 150 percent of
the pow•er requred to ,supply the control circuit in its normal mode of
op eraton (e .g, requireio totpower one actuating device and any circuit
mionitoring or indication features)."

Given tliea'vailable data relevant to Bin 2 Item D, .the CAROLFIRE
project has reached the following conclusions:

iThe currently available data provide no basis for establishing an a -

priori limit to the number of spurious operations that might occur
drihng a given fire even given that the circuit is powered by a 'ýproperly
sized" CPT. We.further find that, as with non-CPT cases, the timing of
spurious operations is dependent on the timing of cable electrical failure
which is in turn a strong function of various case-specific factors
including the relative location of different cables relative to the fire
source, the routing configuration (e.g., open cable trays or air drops
versus conduits), the thermal robustness of the cables insulation
material, and the characteristics of the fire source.

The following is Bin 2 Item E as quoted directly from the RIS:
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"Fire-induced hot shorts that must last more than 20 minutes to impair
the ability of the plant to achieve hot shutdown, since recent testing
strongly suggests that fire-induced hot shorts will likely self-mitigate
(e.g., short to ground) in less than 20 minutes. This is of particular
importance for devices such as air-operated valves (A 0 Vs) or power-
operated relief valves (POR Vs) which return to their de-energize
position upon abatement of the fire-induced hot short."

Given the available data relevant to Bin 2 Item ET the, CAROLFIRE
project has reached the following conclusions

While the available data cannot definitively support the conclusion that
no hot short would ever persist for1 greater than i20 , minutes, the
available data do provide a strong basis for concluding thqt hot shorts
lasting greater than 20 minuves are of atmost very low "4ibability.
Hence we conclude that with "high probability, hot shoritlnduced
spurious operation signals will clear within less than 20 minutes. We
further conclude that on clearing of the hot short signal, the effects of
the spurious operatiohbon plant equipment could persist for a longer
time depending on the nature of the impacted equipment. For
example, a normally closed Motor Operated Valve might well remain
open or partially open even afier the hot short-induced spurious
operation signal is mitigated j whereas a So/einoid Operated Valve would
return it itsf iil safe condition on mitigation of the hot short-initiated
spurious operation signal.

The following insights, canbe gained from a review of the key observations and
conclusions from tihe CAROLFIRE cable testing relative to various aspects of the
crintenaccurrently applied in a post-fire SSA:

1.) AddressingM, Cable Faults one-at-a-time vs. all together at the same time:

The results of the CAROLFIRE testing conclude that the probability of an
inter-cable hot short, either thermoset to thermoset, thermoset to
thermoplastic or thermoplastic to thermoplastic, is small to very small in
comparison to that previously estimated for intra-cable hot shorts.
Additionally, the CAROLFIRE testing provided no basis for establishing a
limit on the number of spurious operations that might occur. The testing,
however, did conclude that the one of the major factors in determining the
potential for a hot short and/or spurious operation is the relative location
of the cables to the fire source. This conclusion is almost identical with
the NEI/EPRI testing that concluded that the predominant factor in
determining cable fault mode is proximity. Opportunity" must exist for
two conductors to short together. Given the current regulatory
requirements for divisional separation, proximity of cables for redundant
trains should preclude the negative effect of multiple spurious operations
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at the component and system level. What the CAROLFIRE testing
showed was that conductors within a common cable in a common cable
tray could be affected simultaneously.. Conductors for redundant trains are
precluded from being run within a common cable or cable tray. Given that
the approach outlined in NEI 00-01 Revision 1 applied the same criteria to
all safe shutdown cables in the fire area, the approach is extremely
conservative relative to the "proximity" findings of the CAROLFIRE
testing.

The CAROLFIRE testing provides no positive indication that multiple
spurious operations affecting multiple redundant trains is possible given
the current nuclear power plant design and regulatory requirements for
divisional separation. Based on the results of the cable fire testing,
however, consideration of MSOs for selected cables and components may
be warranted. Appendix G to NEI 00-01 provides a list of the MSOs that
should be considered in a post-fire SSA.

2.) Addressing Cable Faults for all conductors in each safe shutdown cable:

The CAROLFIRE teýiing-,provided information suggesting that the
approach outlined in NEI 00-01 Revision 1 to post-fire safe shutdown is
conservative. In the testing, inter-cable hot shorting between cables was
deemed to be far more unlikely than Uiara cable hot shorting. The
approach.outlined in NEI 00-0 1 Revision rLýquired the postulation of a
hot shorrLon each conductor in each safe shutdown cable regardless of the
cable type. The approach outlined in NEI 00-01. Revision 1 required the
postulation of iiiter-cable hot shortsq.

The CARO LFRE tet tingas shown that the approach outlined in NEI 00-
'01 Revision 'Ito fire-induced circuit failures is generally conservative.
Based on the results of the cable fire testing, however, consideration of
MSOs for selected cables and components may be warranted. Appendix
G to NEIP00-01 provides a list of the MSOs that should be considered in a
post-fire SSA.

3.) )Duration and timing of the hot short causing a spurious operation:

The CAROLFIRE testing provided no indication that hot shorts will last
longer than 20 minutes. Therefore, the criterion in the approach outlined
in NEI 00-01 Revision 1 requiring the assumption of a hot short lasting
until an action is taken to isolate the fault is conservative.

The CAROLFIRE testing has shown that the approach outlined in NEI 00-
01 Revision 1 to fire-induced circuit failures is generally conservative
relative to the timing and duration of spurious operations.
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4.) Affect of Testing on, Prior Beliefs about other aspects of Fire-Induced
-Circuits Failures

The CAROLFIRE testing concluded that the probability of an inter-cable
hot short is small to very small in comparison to probabilities previously
determined for intra-cable hot shorts.

The CAROLFIRE Testing also provided no indication that all cables in a
given temperature environment will behave similarlý The potential for
cable damage and conductor to conductor hot sho-ting to-occur is a
function on many variables. Cable failures and hotshort are random
occurrences that cannot be accurately predicted b\ Hianalysis of a single
variable such as temperature in the vicinity of the call".

To a large extent, the CAROLFIWRtsting has confirmed the collective
wisdom available prior to the testing related to inter-cable hot shorts.

B.4--3 Overall Implications from the Cable Fire Testfi:2:

Industry & NRC Cable Fire T:,ting conducted to date•lnas:

* Demonstrated that many aspects of the criteria provided in NEI 00-01
Revision 1 are generally conservative. The exception to this is the
treatment of multi-conductor cables with the potential to cause multiple
simultaneous spurious operations. The simultaneous MSOs, as a result of

the design and regulatory requirements for divisional separation, will
impact only a single division of post-fire safe shutdown equipment.

Based on the results of the cable fire testing, however, consideration of
MSOs for selected cables and components may be warranted. Appendix
G to NEI 00-01 provides a list of the MSOs that should be considered in a
post-fire SSA.

.. Provided an indisputable basis for not requiring the types of changes to the
Žpost-fire safe shutdown fire-induced circuit failure criteria proposed by the

"NRC in, d1i4ift Generic letter 2006-XX.

Provided clear information that hot shorts resulting in spurious component
operations can occur. MSOs are also possible, but the concern should be
limited to multi-conductor cables with the potential to cause MSOs. The
simultaneous MSOs, as a result of the design and regulatory requirements
for divisional separation, will impact only a single division of post-fire
safe shutdown equipment.

Based on the results of the cable fire testing, however, consideration of
MSOs for selected cables and components may be warranted. Appendix
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G to NEI 00-01 provides a list of the MSOs that should be considered in a
post-fire SSA.

Provided valuable information suggesting that the occurrence of fire-
induced hot shorts are affected by many variables. The postulation of
multiple, simultaneous spurious operations affecting both divisions of safe
shutdown equipment is highly unlikely given the divisional separation
requirements applied in the design of a nuclear power plant.

Provided valuable information that the occurrencc of' fire-induced hot
shorts is a random event, not predictable by studying a single variable
such as air temperature in the vicinity of a cable.

Provided valuable information that-,,,.,the occurrence of fire-induced hot
shorts that are not in close proximity to each other are unlikely to occur in
a manner that supports the conditions required for MSOs without the prior
intervention by other aspects of the Fire Protection Defense-n-Depth
Program. MSOs are also possible, but the concern should be limited to
multi-conductor cables with the potential to cause MSOs. The
simultaneous MSOs, 'as a result of the design and regulatory requirements
for divisional separation, will impact only a single division, of post-fire
safe shutdown equipment.

Based on'<the-results of theýcable fire testing, however, consideration of
MSOsý for selcted cables and components may be warranted. Appendix
G toNEI 00-01 provides a list of the MSOs that should be considered in apo~stifire :SSA. •' .....

... Poided valuable Information regarding the types of fire-induced circuit
failiures that are most likely to occur given damage to the cable.

*. ! Provide~dvaluable iniformation regarding the failure temperature of cables,
the time to failure at that temperature, the length of time that a fire-
induced hot short will be sustained and the fact that the hot shorts are,
generally, followed by a short-to-ground.

* Provided valuable information suggesting that by using a fire-induced
circuit failure approach like that outlined NEI 00-01 Revision 1 in the
deterministic post-fire SSA reasonable assurance of the ability to achieve
and maintain post-fire safe shutdown in the event of a plant fire will be
attained.
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B.5 CONCLUSIONS RELATIVE TO CIRCUIT FAILURE TYPES:

Despite the body of evidence from the NRC and Industry cable fire testing
supporting the acceptability of the approach outlined in NEI 00-01 Revision 1,
adjustments to the Revision 1 criteria will be made in Revision 2 to address those
aspects of the NRC and Industry cable fire testing that suggest a change is
warranted to increase the level of conservatism. The conclusions relative to the
types of fire-induced circuit failures required to be considered in the deterministic
post-fire SSA outlined in Revision 2 to NEI 00-01 are contained in Table B. 1-0.

Based on the results of the cable fire testing, however, consideration of MSOs for
selected cables and components may be warranted. Appendix G to NEI 00-01
provides a list of the MSOs that should be considered in a post-fire SSA.

B.6 CONCLUSIONS RELATIVE TO CIRCUIT TYPES:

The conclusions relative to the types of fire-Induced circuit failures required to be
considered in the deterministic post-fire SSA outlined in Revision 2 to NEI 00-01
for each circuit type are contained in Table B.2-0. ....

B.7 CONCLUSIONS:

The criteria provided in Table B.1-O to this appendix describe the types of fire-
induced circuit •fai•lUres", that need Lo, be considered in a deterministic post-fire
SSA. The' information in Table B.2-Q0provides information on how each of the
fire-induc&d circuit failures described inm Table B. 1-0 needs to be considered in
evaluating the impact of fire-induced circuit failures on a safe shutdown
components control iand power circuitry. The criteria provided in Table B. 1-0,
%dhen combined with the information in Table B.2, provide a comprehensive
method for assessing thec response of an individual component to any fire-induced
circuit failure. The iformation in Appendix G, MSOs, provides the criteria for
combining the impacts to; individual components into potential system and safe
shutdown patheimpacts. The component level fire-induced circuit failure criteria,
wheni combined with the information from Appendix G, MSOs, provides the
criteriai to assess the overall impact of fire on post-fire safe shutdown in a given
fire area.

The overall conclusions of this appendix are as follows:

Based on the review performed herein, neither the CAROLFIRE nor the
EPRI/NEI Cable Functionality Tests yielded results that are drastically
different than the collective wisdom available prior to the testing. In fact,
it could be concluded that the results validated the positions held within
the industry and documented in NEI 00-01 Revision 1 prior to the testing.
Despite this, certain adjustments related to the treatment of multi-
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conductor cables, as outlined in Tables B. 1-0 and B.2-0, as outlined in
Appendix G to NEI 00-01 Revision 2, will enhance the level of safety and
add conservatism to the post-fire SSA.

A clear design criteria for addressing fire-induced circuit failures in a post-
fire SSA has not been provided in any NRC correspondence on the topic,
including the proposed draft generic letter.

Clear design criteria is need prior to any licensee being able to assess the
level to which compliance is achieved.

The driving need identified by the NRC for requirafing change in the
current circuit failure criteria applied in the post-fire SSAis based on the
information contained in NRC IN 99417, the CAROLFIRE Cable Fire
Testing Program and the EPRI/NEI Cable Functionality Fire Tests
conducted in 2001. None of these sources provided an indicatioh that
multiple fire-induced spurious operation is llkely\.

An independent and objective review of the information provided related
to these two topics has been unable to identify •,need for the changes
proposed in draft NRC Generic Letter 2006-XX .

A more plausible and effective way otfaddressing the issues identified in
NRC IN 99-17. the CAROLFIRE Cable Fire Testing Program and the
EPRI/NEI Cakbl Functionality Fire Tests would be to adopt the circuit
failire criteria p.. roposed in NEI 00-01 Revision 2.
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Table B.1-0

Changes from Revision 1 to Revision 2 of NEI 00-01 based on NRC & Industry Cable Fire Testing

Discussion:

The criteria provided below describes the types of fire-induced circuit failures that need to be considered in a deterministic post-fire SSA. The information in Table B.2-0 provides information on how each of the fire-induced circuit
failures described below needs to be considered in evaluating the imnpact of fire-induced circuit failures on a safe shutdown components control and power circuitry. The criteria provided below, when combined with the information
in Table B.2-0, provides a comprehensive method for assessing the response of an individual component to any fire-induced circuit failure. The information in Appendix G, MSOs, provides the criteria for combining the impacts to
individual components into potential system and safe shutdown path impacts. The component level fire-induced circuit failure criteria, when combined with the information from Appendix G, MSOs, provides the criteria to assess
the overall impact of fire on post-fire safe shutdown in a given fire area.

The evaluation provided below begins with the current version of NEI 00-01 which is Revision 1. Using the insights gained fir
NEI 00-01 Revision I will be adjusted for inclusion into Revision 2 of NEI 00-01. The adjustments made to the fire-induced ci
concern are based on the results of the NRC and Industry Cable Fire Testing.

C and Industry Cable Fire Testing, the table below shows how the original requirements of
ire criteria and the assumptions regarding the timing of damage to the individual circuits of

IviI NfCCýlIIJIIriiUCU CiIlIlliluliVl U01Ilccu IV [INV LIIOIM-U:lUII IdLl U~lltb ýd~ll LUI•U III UIC1 I'VI - n-t~uuc III a puv-

address combinations required to present a
concern

fire SSA.
ZAppC1IuI1 U-I plIUvil ULU-tll Jau tItl-nj tuUi 101UIC - lhlUtt IpU lt-UII
that consideration of multiple high impedance faults is not required.
The results of the NRC & Industry cable fire testing reinforce the
position outlined in Appendix B-I

3 phase hot shorts Need to assess for Hi/Lo Pressure
Interfaces

No indication that these can occur in the
combinations required to present a
concern . -.

Need to assess for Hi/Lo Pressure
Inteffac&eValvcs only, due to the
i:uilatory precedent for this issue.

Multiple hot shorts for high low pressure interface components are
discussed in NRC Generic Letter 86-10. All licensees should have
already addressed the 3-phase hot shorts on both hi/lo pressure.interface
valves simultaneouslv.

Proper polarity DC Need to assess for Hi/Lo Pressure No indication that these can occutr in the Need to assess for Hi/Lo Pressure Multiple hot shorts for high low pressure interface components are
motor hot shorts Interfaces combinations required to prese.nt a Inte•fiace Valves only, due to the discussed in NRC Generic Letter 86-10 All licensees should have

concern - oregulatory precedent for this issue, already addressed the 3-phase hot shorts on both hi/lo pressure interface
- "valves simultaneously..

Open Circuit Need to assess for all safe shutdown No ifiication that these can occr, as a Need to assess for all safe shutdown 10CFR 50 Appendix R Section III.G.2 requires consideration ofopen
components pr•mary circuit failure components, due to the regulatory circuits.

_,____________________ •, precedent for this issue.

Short-to-ground Need to assess for all safe shutdown Will od3uras a primary circ:uit failure or Need to assess for all safe shutdown 10CFR 50 Appendix R Section III.G.2 requires consideration of shorts-
components. Need to assess for as a sequel ito)a hot short of limited components. Need to assess for to-ground. NRC Generic Letter 81-12 requires consideration of the
Associated Circuits - Common Power duration Associated Circuits - Common Power upstream effects of hot shorts under the requirements for Associated
Su••••• Supply. Circuits - Common Power Supply.

Open Circuit Need to assess for all safe shutdown No indication that these can occur, as a Need to assess for all safe shutdown I0CFR 50 Appendix R Section III.G.2 requires consideration of open
components primary circuit failure . components circuits.

Short-to-ground Need to assess for all safe shutdown Will occur as a primary circuit failure or Need to assess for all safe shutdown 10CFR 50 Appendix R Section III.G.2 requires consideration of shorts-
components as a sequel to a hot short of limited components. to-ground.

duration
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Table B.1-0

Changes from Revision I to Revision 2 of NEI 00-01 based on NRC & Industry Cable Fire Testin2

Hot short
2

' - generic Need to assess for all safe shutdown The potential for a hot short is detennined Need to assess for all safe shutdown Table B.2-0 provides the criteria for the number of hot shorts that need
without consideration components. In all cases, assumes the hot not only by presence in the fire area of components. Additionally, the duration to be considered in each components control circuitry. Appendix G of
of cable atnd/or raceway short potential exists unless proven concern, but also based on a of the hot short may be limited to 20 NEI 00-01 provides the criteria for which combinations of equipment
characteristics otherwise, time/temperature and duration thresholds minutes. After 20 minutes the hot short impacts must be considered on a component/system level to address the

for each occurrence. may be assumed to go to ground. At this issue of MSOs.
point, the effects of a short-to-ground
must be evaluated and addressed.

Inter-cable hot short Need to assess for all safe shutdown Very limited potential of occurrence. Need to assessf&i Iral Iafe shutdown See footnote I below.
- thermoset components. Not specifically addressed, Probability is very low compared to intra- component!o

but included under the overall criteria for cable hot shorts. ,
addressing a hot short. "__ __ _ _ _

Inter-cable hot short Need to assess for all safe shutdown Very limited potential of occurrence. Ne[d to assess for all safe shutdiow See footnote I below.
- thermoplastic components. Not specifically addressed, Probability is very low compared to intra- om 1snent.

but included under the overall criteria for cable hot shorts.
addressing a hot short.

Intra-cable hot short Need to assess for all safe shutdown Potential to occur, if cable is damaged,,I Need to assess for all safe shutdown See footnote I below.
- thermoset components. Not specifically addressed, but actual likelihood of occurrence is ai components.

but included under the overall criteria for function of many variables such that a
addressing a hot short, given time/temperature environment does1

not necessarily guarantee occurrence.
Intra-cable hot short Need to assess for all safe shutdown Potential to occur, ife able is damaged, Need to assess for all safe shutdown See footnote I below.

- thermoplastic components. Not specifically addressed, but actual likelihood of occurence is a components.
but included under the overall criteria for function of many variables such that a
addressing a hot short. given time/temperaturie envir0onmeint does

not necessarily guarantee occurrence.
Inter-cable hot short Need to assess for all safe shutdown No 0ccurrencesidentified. 1 1Not required to be addressed. See footnote I below.
- armored cable components. Not specifically addressed, '

but included under the overall criteria for ,
addressing a hot short.

Intra-cable hot short Need to assess for all safe shutdown Potentialto occur, if cable is damaged, Need to assess for all safe shutdown See footnote I below.
- armored cable components. Not specifically addressed, but actual likelihood of occurrence is a components.

but included under the overall criteria for function of manyvarables such that a
addressing a hot short, given time/tempiat ire environment does

not necessarily guarantee occurrence.

Inter-cable hot short Need to assess for all safe shutdown ] Not required ! Not required ] See footnote I below.

20 Hot shorts need to be addressed either generically or they can be addressed based on the characteristics of the cable type or cable/raceway type using the information from the sub-types listed below. If the hot short is addressed in

a way that it takes credit for the cable and/or raceway type associated with the cable, then the important characteristics of the assessment must be included in the design configuration control program. This is required to be done
so that as future plant changes are made with the potential to affect these important characteristics of the cable and/or raceway, the important characteristics are either maintained or a re-review of the condition is performed should
they be changed.
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0
Table B.1-0

Chang~es from Revision I to Revision 2 of NEI 00-01 based on NRC & Industry Cable Fire Testing

- raceway to components. Not specifically addressed,
raceway but included under the overall criteria for

addressing a hot short.
Intra-cable hot short Need to assess for all safe shutdown Potential to occur, if cable is damaged, Need to assess for all safe shutdown See footnote I below.
- conduit components. Not specifically addressed, but actual likelihood of occurrence is a components.

but included under the overall criteria for function of many variables such that a
addressing a hot short, given time/temperature environment does

not necessarily guarantee occurrence.
Inter-cable hot short Need to assess for all safe shutdown Very limited potential of occurrence. Need to ass6s• for all safe shutdown See footnote I below.

- thennoset to components. Not specifically addressed, Probability is very low compared to intra- components.
thermoplastic but included under the overall criteria for cable hot shorts.

Saddressini a hot short.

Open Circuit Need to assess for all safe shutdown Not specifically tested. Need to asess for all safe shutdown Assuring selected instruments (Reference NRC IN 84-09) are protected
components omponets from the effects of fire in each fire area is an effective strategy for

components.____________ _ •addressing the effects of a hot short using this criteria.

Short-to-ground Need to assess for all safe shutdown Not specifically tested. [ Need to assess for'all safe shutdown Assuring selected instruments (Reference NRC IN 84-09) are protected
components. components. from the effects of fire in each fire area is an effective strategy for

addressing the effects of a short-to-ground using this criteria.
Hot short Need to assess for all safe shutdown Not specifically tested .. Need to assess for all safe shutdown Assuring selected instruments (Reference NRC IN 84-09) are protected

components. ,components. from the effects of fire in each fire area is an effective strategy for
addressing the effects of an open circuit using this criteria.
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Table B.2-0

TVpes of Fire-induced Circuit Failure Reauired for each Circuit Type

-1NU llll~tL. LI1I1I a l lUt bllUl I II d .1

phase cables component with 3 hot shorts of the
proper polarity on a 3 phase cable

power circuits, except for hi/lo pressure
interface valves where 3 hot shorts of the
proper polarity must be assumed.

Generic Letter 86-10 addresses hot shorts on 3 phase cables for hi/lo
pressure interface valves

Short-to-ground Loss of power and potential for tripping No additional impacts from Consider a single short to-ground on each Loss of upstream loads is addressed by the requirement of Generic
of upstream loads multiple/simultaneous shorts-to- conductor in eachaffected cable. Need to Letter 81-12 for Associated Circuits - Common Power Supply [i.e.

ground address Associated Crcuits - Common breaker coordination]
Power Supply. _ _ _ _ _ _ _ _ _ _ _

Open Circuit Loss of power No additional impacts from Consider a single open circuit on each This effect is bounded by the effects of a short-to-ground, since the
multiple/simultaneous open circuits conductor in each affected call&c short-to-ground causes a loss of power and has the potential to affect

upstream loads.

Prlur CutoChc it Iitev~c lrd- discussion t l ar for acPN c~~irclt. S ýimik ll t~cr 4ol PIYtr(L
Hot Short Spurious operation of the component Spurious operation of the component Consider an inditvidual, stingle hot short on The input from a secondary control power circuit will require a hot

from different conductors and/or each conductor inl each affected cable in short in that circuitry. Both the hot short in the primary and
cables in the primary or a secondary: the circut. Consider the combined effects secondary control circuit must co-exist and once the hot short in the
circuit. In almost all cases, however,1. ofhot shorts if conductors are located in secondary control circuit goes to ground the effect of this hot short on
for this to occur input from a hot the same hmulticonductor cable in the the primary circuit will be eliminated. Assuming this condition of
short in a secondary control circuit is primaryN circuit. sequentially selected fire-induced circuit damage is of sufficiently
required. (See comment to the right.) . , low probability to be considered unrealistic and beyond the required

For ungrounded DC circuits, if it can be design basis given the results of the NRC & Industry Cable Fire
shown that only two hot shorts of the Testing

• ': &• proper;polarity without grounding could
" -s.... cause spurious operation, no further

e\aluation is necessary except for any
cases involving High/Low pressure
interfaces. [Ref. GL 86-10 Encl. 2
Question 5.3.1]

For cases involving direct current (DC)
control circuits, consider the potential
spurious operation due to failures of the
control cables (even, if the spurious
operation requires two concurrent hot

shorts of the proper polarity, e.g., plus-to-
plus and minus-to-minus), when the
source and target conductors are each

2' The criteria for hot shorts in this column may be adjusted using the information from Table B. 1-0 for the hot short sub-types. If the information on a particular hot short is used, then the important characteristics of the

assessment must be included in the design configuration control program. This is required to be done so that as future plant changes are made with the potential to affect these important characteristics of the cable and/or
raceway, the important characteristics are either maintained or a re-review of the condition is performed should they be changed.
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Table B.2-0

Types of Fire-induced Circuit Failure Required for each Circuit Type

iocateu in me same munico
[Ref. RIS 2004-03 Rev. 11

Short-to-ground Loss of control power/function in For ungrounded circuits an additional Consider an individual, single short-to- For ungrounded circuits, two shorts-to-ground are required for the
grounded circuits concurrent shorts-to-ground may be ground on each conductor in each affected loss of control power. The recommended approach either assumes or

required in order to cause a loss of cable in a grounded circuit, Consider the evaluates for a second short-to-ground causing a loss of control
control power. combined effects of shorts-to-ground if power in the components control circuit for ungrounded circuits.

conductors are located in the same
multiconductor cable in the primary
circuit.

Additiondaly either assume asecond
short to ground exists in an ungrounded
circuit resultnm in a loss of control power
or evaluate for an actual fire-induced
cable impact with the potential to cause

¾ the second shot t-o0ground in the fire area.

Open Circuit Loss of a single control function, e.g. Loss of multiple functions within the, Consider an individutal ,single open circuit This effect is bounded by the effects of a short-to-ground. Typically
loss of manual start/stop, loss of auto- control circuit, e.g. loss of manual on each conductor ideach affected cable losing a single control function, other than indication, is sufficient to
start/stop, loss of indication start/stop, loss of auto-start/stop, loss in the circuit. Consider the combined require a mitigation strategy for the affected cable. The simultaneous

ofindication effects ot openicircuits if conductors are loss of multiple control functions within a single cable does not make
located in the same multiconductor cable the situation more adverse from a post-fire safe shutdown
in thýe pnimary circuit. perspective, i.e. ifa manual starting or stopping of a pump is the

required safe shutdown function, assuming both occur simultaneously
, . is no worse than assuming each occurs individually.

SvcadrýConr~i, (J t includii'utig, iri enhcb siu to piI ia an seconat ontro c ircuit I thtr a o det--d1i'eisstons below~ art for poNv .. culit. _ýl ,ý11ý,IWis MIT:~ I a
Hot Short Spurious operation of a primary Spuriou1s operation of a primary' Consider an individual, single hot short on The input from a secondary control power circuit will require a hot

component provided the contact that is co0mponent prov\ided the contacts that each conductor in each affected cable in short in that circuitry. The hot short in the secondary control circuit
closed has this direct effect on the are closed have this direct effect on the circuit. Consider the combined effects must either have a direct effect on the primary circuit or it must co-
primary circuit, the piminary circuit. of hot shorts if conductors are located in exist with another hot short in the primary circuit. Once the hot short

the same multiconductor cable in the in the secondary control circuit goes to ground the effect of this hot
secondary circuit, short on the primary circuit will be eliminated. If, however, the.

component controlled by the primary circuit has already changed
For ungrounded DC circuits, if it can be position, the spurious operation will not be reversed by the
shown that only two hot shorts of the elimination of the hot short in the secondary circuit. Depending on
proper polarity without grounding could the damage to the primary circuit by other fire-induced effects,
cause spurious operation, no further reversal of the position of the spuriously operated component may be
evaluation is necessary except for any possible.
cases involving High/Low pressure
interfaces. [Ref. GL 86-10 Encl. 2 For multiple hot shorts within secondary circuit to cause a spurious
Question 5.3.1] operation of the component controlled by the primary circuit, the
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Table B.2-0

Types of Fire-induced Circuit Failure Required for each Circuit Type

shorts ofu the prpe polaity 2 g, pu-o als

multiple

For cases involving direct current (DC) primary
control circuits, consider the potential circuitr
spurio s operation due toto failures ofthe damage
control cables (even ifdthespurious and bey
operation requres two cncaurrent hot Industry
shorts of the propernpoarity, e.g., plus-to- cables ic
due and singuset-uishr when the circuits n
source and targbleconducr are each Controlo
located in thesaie multicoldRo ctor cable." failures
[Ref. RIS 2004-03 Rev. 1]

Ifirrultiple hot shorts in multi-condLIctor
cables assucrmted w\ttiýsecondary circuits

can directly resiti n a Spurious operation
abtofya prto orridcemtonen e t cannot occur
dueto a single hot short in the secondary
circuit, then this onst be addressed, unless
thie i • arsc pr•abe oven idden by the'•'•:•z3 periat" in (he ConGtrol Room. In making

•.:;•• •:•tlie•determination about the operator's
•.•,• • • ab~lity :to override the effect of the
.•" ...... ..... .... multiple~hot shorts in the secondary

'::: •::• circuit, ]if• an additional fire-induced circuit
•,•f• tadlure in a separate cable is required to

',idfeat the operator capability, then it may
be assumed that the override capability is
available when needed by the operator.

hot shorts must co-exist and either have a direct effect on the
circuit or co-exist with another hot short in the primary
This condition of sequentially selected fire-induced circuit
is of sufficiently low probability to be considered unrealistic
ond the required design basis given the results of the NRC &
Cable Fire Testing, except for the case of multi-conductor

n secondary circuits that have a direct effect on the primary
nd that cannot be overridden by an operate action in the
Room without assuming any additional fire-induced circuit
on a different cable.

Short-to-ground Loss of control power/function in For'ungrounded circuitsan additional Consider an individual, single short-to- For ungrounded circuits, two shorts-to-ground are required for the
grounded circuits concurrent shorts-to-groutid may be ground on each conductor in each affected loss of control power. The recommended approach either assumes or

required in order to causea loss of cable in a grounded circuit. Consider the evaluates for a second short-to-ground causing a loss of control
control power..g , combined effects of shorts-to-ground if power in the components control circuit for ungrounded secondary

7 conductors are located in the same ýcircuits.
multiconductor cable in the secondary
circuit.

Additionally, either assume a second
short-to-ground exists in an ungrounded
circuit resulting in a loss of control power
or evaluate for an actual fire-induced

Icable impact with the potential to cause
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Table B.2-0

Types of Fire-induced Circuit Failure Required for each Circuit Type

I________________________________I tI .3.A............. -,tU-•lUILJl ~ ....... ....... .. L...

Open Circuit Loss of control function No additional impacts from Consider an individual, single open circuit This effect is bounded by the effects of a short-to-ground.
multiple/simultaneous open circuits, on each conductor in each affected cable

inthe circuit.

Hot Short No impact on the circuit No impact on the circuit There is no need to c&tsider hot shorts on
control power to pinmary or secondary
control circuits. It is unacceptable and
non-conservative to assume that a hot
short results in the availability o'fcontrol
powerto a primary or secondary control.

___________________circuiitY~

Short-to-ground Loss of control power/function with the No additional impacts from Consider a single short-to-ground on each
potential for tripping of upstream loads multiple/simultaneous shorts-to- conductor in each affected cable. Assume

ground y... a single shortto-ground in an ungrounded
' •circuit results in a loss of control power.

Open Circuit Loss of control function No additional impacts from Coi~nider a single open circuit on each
multiple/simultaneous open circuits. i c• affected cable.

-n~t itneach

Hot Short Erroneous reading No additional impact due to multiple Consider an indiv idual, single hot short on To address this for instruments providing an indication only function,
hot shorts. each-conductor in each affected cable in for each fire area identify the specific instrumentation that is

the circuit. protected from the effects of fire. Capture this information in the
post-fire safe shutdown procedure so that the operator can distinguish

For instruments performing a control an erroneous fire-induced reading from a valid reading based by
function, assume the signal affects the looking at the protected instrumentation.
respective contact in the control circuit in
a worst case manner for safe shutdown. For instruments performing a control function, assume the signal

affects the respective contact in the control circuit in a worst case
manner for safe shutdown.

Short-to-ground Loss of reading or control function No additional imnpacts from Consider an individual, single short-to- Assuring selected instruments (Reference NRC IN 84-09) are
multiple/simultaneous shorts-to- ground on each conductor in each affected protected from the effects of fire in each fire area is an effective

• _ _ _ _ _ _ _ _ _ _ _ _ ground cable in a grounded circuit, strategy for addressing the effects of a short-to-ground.

Open Circuit Loss of reading or control function No additional impacts from Consider an individual, single open circuit Assuring selected instruments (Reference NRC IN 84-09) are
multiple/simultaneous open circuits. on each conductor in each affected cable protected from the effects of fire in each fire area is-an effective

in the circuit, strategy for addressing the effects of an open circuit.
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APPENDIX B.1

JUSTIFICATION FOR THE ELIMINATION OF MULTIPLE HIGH
IMPEDANCE FAULTS

B.1-1 PURPOSE

This appendix is provided to demonstrate that the: probabilityof Multiple High
Impedance Faults (MHIFs) is sufficiently low such that they do not pose a credible risk to
post-fire safe shutdown when certain criteria ýare met.

This appendix analyzes and characterizes cable fault behavior with respect to the MHIF
concern to determine if and under what conditionsthis circuit failure mode poses a
credible risk to post-fire safe shutdown. In this capgacity, the MHIF analysis is intended
to serve as a generic analysis for a Base Case set of conditions. The base case approach
is recognized as. a viable means,( ofestablishing specific boundary conditions for
applicability, thereby preserving the integrtyýoii fthe analysis.

B.1-2 INTRODUCTION

B.1-2.1 Overview i-

In IQR6 the NNRC issued Gen Letteir 86-10 [1] to provide further guidance and
clarification for ahabroad range of 10 CFR 50 Appendix R issues. Included in the generic
letter was confirmation tha.tte NRC expected utilities to address MHIFs as part of the

22Appendix R associated circuits analysis. MHIFs are a unique type of common power
supply associated circuit issue, as discussed in Section B.1-2.2 below.

Regulat6 y Guide 1.189 (Section 5.5.2) [2] reiterates the NRC's position that MHIFs
should be considered in the evaluation of common power supply associated circuits. Of
importance is the regulatory guide's endorsement of IEEE Standard 242, IEEE
RecommendedPractices for Protection and Coordination of Industrial and Commercial
Power Systems, [7] as an acceptable means of achieving electrical coordination of circuit

22 A general discussion of associated circuits is contained in Section 2.2 and 3.3.2 of this guidance
document. NRC intends that a future generic communication will clarify associated circuits.

B.1-8



NEI 00-0 1 Revision 2 - Draft
December 2007

protective devices. Confirmation of adequate electrical coordination for safe shutdown
power supplies is the primary means of addressing common power supply associated
circuits.

B.1-2.2 Defining the MHIF Concern

The MHIF circuit failure mode is an offshoot of the comiimion power supply associated
circuit concern. A common power supply associated circuit is considered to pose a risk
to safe shutdown if a fire-induced fault on a non-safe shutdown circuit can cause the loss
of a safe shutdown power supply due to inadequate 'electrical coordination between
upstream and downstream overcurrent protective devices (e.g., relays, circuit breakers,
fuses).

The accepted method for evaluating the potentitKim ipact of common power supply
associated circuits is a Coordination Study. A coordination study involves a review of
the tripping characteristics for the protective devices associated with the electrical power
distribution equipment of concern - post-fire safe shutdoNvpower supplies in this case.
The devices are considered to "co6rdinae if the downstreain (feeder or branch circuit)
device trips before the upstream (supply ciP-iitM device over the range of credible fault
current. 23 In conducting.-a traditional coordination StUdy, each circuit fault is evaluated as
a single event.

The concept of MHIFs deviates from baseline assumptions associated with conventional
electrical coordination. T-1 MHIF failure mode is based on the presumption that a fire
can cause short circuits that produce ab rrnally high currents that are below the trip
point of the individual overcurrent interrupting devices for the affected circuits. Faults of
this type are defined by Generic Letter 86-10 as high impedance faults (HIFs). Under the
assumed conditions. circuit overciurrent protective devices will not detect and interrupt
the abnormal current flow. Consequently, the fault current is assumed to persist for an
indefinite period of time. Since HIFs are not rapidly cleared by protective devices, the
NRC position is that• simultaneous HIFs should be considered in the analysis of
associated'•ýfrcuits. ,The specific concern is that the cumulative fault current resulting
from multiple simultaneous HIFs can exceed the trip point of a safe shutdown power
supply incoming protective device, causing it to actuate and de-energize the safe

23 The range of credible fault current includes short circuit current levels up to the maximum possible fault current
for the configuration. For simplicity, the maximum credible fault current is usually based on a bolted fault at the
downstream device. However, in some cases the maximum credible fault current is refined further by accounting
for additional resistance of the cable between the downstream device and the fault location of concern.
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shutdown power supply before the downstream (load-side) protective devices clear
individual circuit faults.

Figure B.1-1 illustrates the MHIF failure mode. Note that the description of MHIFs
assumes that redundant safe shutdown equipment is affected by the postulated fire.
Detailed reviews can be conducted to determine exactly which cables and scenarios are
potentially susceptible to MHIFs. However, this type of"spatial" analysis typically
involves a highly labor-intensive effort to trace the fouting of hundreds of non-safe
shutdown cables. Furthermore, ongoing configuratiLo• control Of sLch analyses is overly
burdensome. For this reason, the preferred means offaddressing tie issue is at a system
performance level, independent of cable routing. The systems approach offers a great
deal of conservatism because, in actuality, not all circuits will be routed{thryugh every
fire area and not all circuits are non-safe shutdowncircuits. .
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Figure B.1-1
Example MHIF Sequence

Fire Area A Fire Area B

-------------------------- I --. ...............--- - - -

Safe Shutdown
Power Supply

2 3 4567

a

m

Safe Shutdown
Power Supply

Safe Shutdow,.n
Equipment

-------.I.----- I----- 4--- -....----- I -- 4-----

IF * * ,

B1 B-2

Safe Shutdown
Equipment

Non-Safe Shutdown Equipment

Safe shutdown components A-1 and B-1 are redundant, as are A-2 and B-2. A fire in Fire Area B is
assumed to render B-1 and B-2 inoperable, and thus A-1 and A-2 are credited as available for safe
shutdown. Circuit Breakers 4 - 7 supply non-safe shutdown equipment via circuits that traverse Fire
Area B. The fire is assumed to create high impedance faults on several of these circuits
simultaneoisily. The nature of the faults is such that an abnormal current is produced in each circuit,
but in each case the current is not sufficient to cause the affected branch feeder breaker to trip. The
cumulative effect of the fault current flowing in each branch causes the incoming supply breaker
(Circuit Breaker 1) to trip before the downstream breakers are able to isolate the individual faults. The
safe shutdown power supply is de-energized, causing a loss of power to the credited safe shutdown
equipment, A-1 and A-2.
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B.1-2.3 Framework for Resolution

From inception, debate has persisted regarding the •techical validity of MHIFs.. The
NRC's concern with MHIFs can be traced to i November 30, 1984, NRC internal
correspondence [3]. The stated purpose of the cor•esp~ondence wwa to "...present one
paper which can be used in the evaluation of safe shutdown submittals." The paper
describes the MHIF issue as an ". .expansion on associated circuits" and describes the
concern in much the same manner as covered in'Sectioni3B.,1-2.2 above. Noteworthy is
that the document limits the issue to AC power circuits. The NRC's concern with MHIFs
on AC power circuits does not appear to stem from any specific test data or operating
experience. Rather, the concern ils voiced as one of conservative judgment for a
postulated failure mode in the absetce o~fdefinitive information to the contrary.

With this understanding as a starting point, the fi'imeworkfor addressing the MHIF issue
is based on the following tenets:

" A Basle Case tSe of conditionhs must be defined to ensure the limits of
applicability are bounded. Within the defined limits, the MHIF analysis serves as
a generic evaluation and js considered to satisfy the regulatory requirement that
high Impedance faults be•conssdered in the analysis of associated circuits.

. * To ensure constste ncy, and agreement in the fundamental bases for analysis,
technical pocitions shoUld be based on and referenced to test results, industry
consensus stanfdards, arid NRC generated or approved documents. Test data and
technical references must be representative of the Base Case.

" Elements of the analysis may be probabilistically-based and employ risk-
informeditrguments. This approach is deemed acceptable within the framework

• • . .. .. 24•

of a deterministic analysis and is not without precedent. However, consistent
with risk-informed decision making, consequence of failure shall be addressed by

24 Generic Letter 86-10, Question 5.3.1 excludes on the basis of low probability the need to consider

three-phase hot shorts and proper polarity hot shorts for ungrounded DC circuits in the analysis of
spurious actuations (except for high/low pressure interfaces).
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the analysis.

E Analysis uncertainty must be included in the evaluation to ensure conservative
application of results.

B.1-3 ANALYSIS METHOD AND APPROACH

The approach for conducting this analysis is depicted by the flow chart of Figure B.1-2.
A brief description of each step is provided. The most important aspect of this analysis is
the ability to characterize fire-induced cable faults. Research and test data to accomplish
this characterization for all voltage levels of interest has until recentlybeen scant, forcing
past assessments of MHIFs (both industryaid NRC assessments) to make assumptIons
and extrapolate theories beyond a point that achieved general agreement. Test data from
recent industry and NRC fire testing [3, 12] allows fault behavior to be characterized at a
level not previously possible. Interpretation of test data and application of analysis
results will follow accepted and prudent engineering prhciples• as set forth by consensus
standards and other acknowledged ndu Ltiyreferences. •
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I Figure B.1-2
MHIF Analysis Flow Chart

I Establish Analysis
Criteria and Principles

I
4

CDefine Base Case IJ

Characterize
IFire-Induced Cable Faults

C Analyze
MHIF Concern I

F

Step 1 - Establish Analysis Criteria and Principles: Analysis criteria and relevant
engineering prinnciples are identified. The rationale behind the analysis criteria is
explained and the engineering principles relied upon to evaluate results are documented.

Step 2 - Define Base Case: A base case set of conditions is defined. These conditions
establish the limits of applicability for the analysis.
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Step 3 - Characterize Fire-Induced Cable Faults: Relevant fire test data and
engineering research are analyzed to characterize fire-induced cable faults. Recent
industry and NRC fire tests, as well as other credible industry tests and research studies,
are considered in the evaluation.

Step 4 - Analyze MHIF Concern: The characteristic beh,,ior of fire-induced faults is
considered within the context of the MHIF concern Ato determine if and under what
conditions MHIFs pose a credible risk to post-fire safe shutdown for the defined Base
Case conditions. Analysis uncertainty is included in the evaluation.

B.I-4 ANALYSIS CRITERIA AND PRINCIPLEES

The criteria and engineering principles that form the basis of this-analysis are discussed
below.

1. The legitimacy of the MHIF concern is centered on the premise that a fire can create
HIFs that are not readily detected aiid cleared by the intended overcurrent protective
device [1, 4]. Thus, characterizing the expected behavior of fire-induced faults is
paramount in determining the potential risk posed by this failure mode. If fires are
able to initiate faults that "hang up and producelow-level fault currents (near orjust
below thetrip device setting) for exended periods, MHIFs should be considered a
viable failure mode. If, ~however, the Taults do not exhibit this behavior, but instead
reliably produce detectable fault current flow, a properly designed electrical
protection scheme can be rehed upon to' clear the fault in a timely manner in
accordanlCe with its design intent. Based on this principle, the primary line of inquiry
:for t analysis is to ciiiititatively characterize fault behavior for the voltage classes
of interest. Analysis uncetamirty will be included in the assessment to further quantify
the results.

2. MHIFs are not usually considered in the design and analysis of electrical protection
systei. :primarilýbecause operating experience has not shown them to be a practical
concern [6.7, 10]. For this reason, industry has not established nor endorsed any
particular analytical approach for MHIFs. Acknowledging the lack of consensus
industry standards and conventions, this analysis relies on objective evidence and the
application of recognized engineering principles; however, some element of
engineering judgment is inevitable because of the unconventional nature of the
analysis.
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3. As constrained by the Base Case requirements, this analysis is considered sufficiently
representative of nuclear plant electrical power system and protective device design,
construction, and operation:

0 Regardless of make, model, or vintage, electrical protective devices conforming
to the Approval, application, and test/maintenancCre quirements specified for the
Base Case can be expected to function in the marineferedited by this analysis [5,
7, 9]. 1

0 Electrical power systems satisfying the despii and performance
requirements specified for the Base Case will respond toelectrical faults
in the manner assumed by thtis-•analysis [6. 7, 10].

4. This analysis assumes that electrical protection and coordination have been achieved
following the guidance of ANSI/IEEE 242, or other acceptable criteria. Regulatory
Guide 1.189 recognizes this ANSLstandard as the primary reference for this subject.
A more detailed investigation Into supporting references listed by the standard reveals
a substantial number of tests and researchistudies that have applicability to this MHIF
analysis [13 - 22]. These documents pioviýeidadditional insight into the expected
behavior of higl i resistance electrical faults and accordingly are considered by this
analysis. As,,ttIes documents have essentially shaped the engineering basis for the
ANSI/EEE242 recommended practices, they are considered viable and credible
source references for this analysis.

5. The test data obtamied, from the recent industry and NRC tests [3, 7] is considered
,directly applicable to nuclear plant installations. The test parameters (including test

specimens, circuiit configuation, and physical arrangement) were specifically tailored
to mimic a typiclLnuclear plant installation. The overall test plan was scrutinized by
Lutlt lIIty and NRC exp1erts before implementation.

6. The atual impedance of a fault can vary widely and depends on many factors. These
factors inclýude such things as fault geometry, system characteristics, environmental
conditions, and the circumstances causing the fault. Different fault impedances
*produce different levels of fault current; hence, electrical coordination studies
generally consider a range of credible fault currents [7]. Circuit faults resulting from
fire damage are highly dynamic, but do exhibit a predictable and repeatable pattern
that can be characterized and explained by engineering principles and an
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understanding of material properties. The same general characteristics have been
observed by several different tests and studies [3, 12, 13 - 22].

7. The primary test data relied upon for this MHIF analysis is the recent nuclear industry
and NRC fire tests [3, 12]. Theelectrical circuits for thescests were 120 V, single-
phase, limited-energy systems. The analytical results. for the 120 V data indicate
these low energy circuits behave differently than li.hig4nergy circuits operating at
distribution level voltages. The bases for this position are:

" The ability of electrical systemn hardware to sustdin and withstand local
fault conditions decreases as the fault energy increases. Highly energetic
faults on systems operating above 208 V release tremendous amounts of
energy at the fault location. These faults are explosive in nature and will
destroy equipment in a matter of gseconds, as•confirmed by recent industry
experience. Conversely, fault energy; associated with 120 V, single-phase
systems is consierably less punishing to the equipment and will not
necessarily cause immediate wide-spread damage.

0 Test results from the recent industry • and NRC fire tests confirm a correlation
between the rate of localized insulation breakdown and the available energy
(applied voltage gradient and :available fault current). For example, once
insulation degradation began, the rate of breakdown for instrument cable was
notably slower than the rate observed for cables powered by 120 V laboratory
power uipllies. IThe lower energy circuits are less able to precipitate the
cascadingi aj1ure6of insulation that characteristically occurs during the final
stages of insulation briadoywn because the rate of energy transfer to the fault is
lower. 'I he final cascading failure of a 480 V power circuit can be expected to
occur within milliseconds; where the final stage of insulation failure for a 120 V
circuit might last several seconds, as demonstrated by the test results. Note that
the final cascading failure is typically preceded -by a period of much slower

• insulation degradation. During this phase of degradation, the cable can be
cexpected to exhibit higher levels of leakage current; however, the leakage
current le\vcls are not sufficiently high to affect proper operation of power and
control circuits. The point at which the slow, low-level degradation transitions
to rapid breakdown and failure is termed the transition phase. (Cable failure
characteristics are discussed in detail in Section B. 1-6.1.)
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0 Arcing faults become increasingly more likely as system voltage increases
because of the higher voltage gradient and longer creepage distances.2' The
"effective" current for arcing faults increases as a function of the applied
voltage. A higher fault current will hasten the time for protective action. (The
arcing fault phenomena are discussed in detail in Section B. 1-6.2.)

8. High impedance faults on conductors of power systemsopierating at 480 V and above
manifest themselves as arcing faults [13 - 22]. Thus, the an'ilysis of postulated HIFs
for these systems assumes an arcing fault (detailleddiscussion contained in Section
B.1-6.1). The bases for this position are: -

* With respect to cables, distances between energized conductors and between
energized conductors and grounded surfaces are not appreciably different from 120 V
systems. Thus, as insulation integrity is lost,, the high voltage gradient associated
with these systems more readily strikes an arc in the absence of a sufficient air gap.

* As discussed in Item 7 above, the highly energeticinature of faults on higher voltage
power systems results in a significant release of energ at the fault location, which
rapidly elevates localized temperatures to vaporzation ;levels. This large release of
energy at the fault manifests itself in one of three ways:•

* • Metal components are fused thereby creating a bolted fault.

Mkiaterial is tporized and forcibly ejected, blowing the fault open

* Material is1 vaprized and ejected, but the conductive vapor cloud allows
an arcing) fult to d(2%lop• which may or may not be sustained

* JThe eletncal powe r industrYl a conducted numerous studies and tests pertaining to
faults on high energy ekdirical power systems in the 1960s and 1970s. These efforts
were sparked by.a rash of significant property losses and extensive outages resulting
%from highly damaging electrical faults. These studies significantly increased our
understanding of high energy faults and resulted in numerous changes to
recommended electrical protection practices (primarily IEEE 242). High impedance,
non-arcihg faults were not observed by these studies.

25 Creepage distance is defined as the shortest distance between two conducting parts measured along

the surface of the insulating material.
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B.1-5 BASE CASE AND APPLICABILITY

The intent of defining a Base Case is to establish set limits for application of the analysis
results. This approach places measurable bounds on the analysis and ensures results are
not inadvertently applied to conditions not considered in the study.

The following requirements constitute the Base Case condItIons inherent in this analysis:

" The power supply in question must operate at a nominal A(' or DC voltage greater
than 110 V. Specifically, this analysis does not apply to AC and DC control power
systems operating at 12 V, 24 V, or 48 V Nor is the analysis applicable to instrument
loops regardless of operating voltage.

0 For the power supply in question, electrical coordination must exist between the
supply-side overcurrent protective device(s) ýnd load-side overcurrent protective
devices of concern26. Achievement of proper selcctive tripping shall be based on the
guidance of IEEE 242, or other icceptable criteria.

" For 120 V AC and 125 V DCpowecr supplieS,ln addition to adequate electrical
coordination, a minimum size ratio lof 2:1 shall exist between the supply-side
protective de,, ,ii) and load-side devices of concern (for example, a distribution
panel with a 50 A main circuit breaker cannot have any load-side breakers larger than
25 A). This stipulatlon adds additional margin to account for slower protective
device clearing times ofow-energy circuits.

" The electrical systemrimust be capable of supplying the necessary fault current for
sufficient time to ensurLpredictable operation of the overcurrent protective devices in
accordance with the]ir tme-Current characteristics.

" Each overcurrent p•rotective device credited for interrupting fault current shall:

*26 Coordination is not required for circuits that are inherently not a common power supply associated

circuit of concern - for example, a circuit that is entirely contained within the same fire area as the
power supply itself. Similarly, coordination is only required up to the maximum credible fault
current for the configuration, which might include an accounting of cable resistance between the load-
side protective device and the fault location of concern.

B.l-19



NEI 00-01 Revision 2 - Draft
December 2007

Be applied within its ratings, including voltage, continuous current, and
interrupting capacity *
Be Listed or Approved by a nationally recognized test laboratory (e.g., UL,
ETL, CSA, etc.) to the applicable product safety\ sandard (fuses, molded
case circuit breakers, circuit protectors, GFJ devices) or be designed and
constructed in accordance with applicable ANSI and NEMA standards
(protective relays, low and njic rn• voltage switchgear)

0 Proper operation of the overcurrent device sh•all bO ensuredb h,, appropriate testing,
inspection, maintenance, and configuration control.

The electrical system associated with the rwsIupply-];ýInquestion shall conform to a
recognized grounding scheme. Recognized schimnes include solidly grounded, high
impedance or resistance grounded, or ungrounded.

B.1-6 CHARACTERIZATION OFFALLTS

B.1-6.1 Characterization of Fire-Induced Cable Faults for 120V Systems

This section contains ýan analysis of fault behavior for fire-induced faults on single-phase,
120 V systems. The primary source data for the analysis is recent industry and NRC fires
tests conducted .s.."cifically to characterizetfire-nduced cable faults.

B.1-6.1.1 EPRI/NEI Fire Test Results

The EPRI/NEl fire tests are documented in EPRI Report 1003326, Characterization of
Fire-Induced Circuit Failures': •Results of Cable Fire Testing [12]. The functional
cirCuits developed for this testing were heavily monitored, allowing significant insights
into the nature and behavior of fire-induced cable faults.

B.1-6.1.1.1 Cable Failure Sequence

When driven to [f>ailure, cables followed a predictable and repeatable sequence. Initial
degradation was 'first observed as a relatively slow reduction in insulation resistance
down to approximately 10 kn - 1,000 92. At these levels the circuits remained fully
functional and produced leakage current in the milliamp range. The next phase of
degradation has been termed the transition phase. In the transition phase, the fault
undergoes a cascade effect and the rate of insulation resistance (IR) degradation increases
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significantly, causing fault resistance to drop rapidly. The circuit remains functional, but
leakage current ramps upward quickly. The fault resistance associated with this phase is
approximately 5 kM down to 600 E2. Note that at 600 K2 the leakage current is only about
0.2 A, and the circuit is still functioning. The transition phase lasts from seconds to
minutes. The final phase, involves full failure of the cable. Insulation resistance drops to
a very low level and leakage current now becomes fault current. The fault current
escalates above the fuse rating, causing the fuse to open andl de-energize the circuit. This
final phase typically occurs within seconds or 10s of secondsi' for low-energy 120 V
circuits. Figures B.1-3 and B.1-4 show current and fau•lt resistanceofor a typical set of
cables driven to failure.

Figure B.1-3 l

Fault Current for Fire-Induced Cable Failure

Cable Failure Characteristics (Test #8)
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The observed results can be explained by an understanding of the localized phenomena at
the fault location. As the insulation degrades leakage current increases. At some point,
the leakage current measurably contributes to localized heating, accelerating the rate of
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insulation degradation. As current increases, the rate of degradation increases until it
finally cascades to a full fault. Important in this observation is that the power source
must be able to supply sufficient energy to drive the cascading effect to completion. Test
circuits with limited current capacity demonstrated the same basic failure sequence;
however, the final phase typically took longer and did not produce predicable final fault
resistances. This behavior can be seen in the NRC/SNL data in which the test circuit was
limited to 1.0 A. This observation leads to the Base Casc condition that the power supply
must be able to produce sufficient fault current to ensure the 1protective devices operate
predictable.

A key observation of the failure characteristics is that once the ifinulation resistance
enters the transition phase it does not "hang.up" at an intermediate poinit; ittcascades to
full failure within seconds or lOs of seconds. From the •data it appears that once leakage
current exceeds about 0.2 A, the fault can be expe~ctcd to cascade to levels that trigger
protective action.

In a few cases this process was dynai•.,i The fault cascaded. and produced a high fault
current momentarily (a few seconds), but quickly subsided back to low levels. This cycle
generally repeated itself two or three ,times before fault current ramped and remained
high. Importantly, in no cases did fault current stabilize for an extended period-at an
intermediate level such that it was not detected and cleared by the fuse.

B.1-6.1.1.2 Fault Clearing Times

The fire test data waas ,nalyzied to estAblish a correlation between fault current level and
the>tim•ereqiiircto clear the circuit fuse. The results of this tabulation are presented in
Table B.1-1. Hc data here deals, only with cases in which a fault caused the fuse to

car. Data for •thnoset and ithermoplastic cable are shown separately because the
different insulation material exhibited slightly different characteristics.

The tablc provides statistics for the amount of time it took to clear the fuse once current
had reached ýi certain threshold level. The clearing times are shown for three thresholds:
0.25 A, 1. A ind2.0 A. The 0.25 A level was selected because it represents the
approximate lo• er bound of the transition phase. 2.0 A was selected because it
represents a current flow well below a value considered to pose a HIF concern for the
established circuit. 1.0 A is an intermediate point that provides additional understanding.

B. 1-23



NEI 00-01 Revision 2 - Draft
December 2007

The table is interpreted as follows: For thermoset cable, .once fault current reached a
level of 0.25 A, it took on average 0.46 minutes for the fuse to clear; once fault current
reached 1.0 A it took on average 0.23 minutes to clear the fuse; and so on.

Table B.1-1
Fault Clearing Time

Time to Clear Fault (mini).
Current Threshold 0.25 A2.0 A

Thermoset Cable ......______

Population 75 75 75K
Average 0.46 ., 0.23 0. 14
Range 0.1 to 4.8 0.1to2.1 0.1 to 0.7
Std Dev 0.67 0.29 0.13
2 Std Dev 1.33 - 0.59 0.26

Thermoplastic Cable
Population 39 39 39
Average 0.12 :' "• 0.10 0.10
Range 0.1 to 0.3 0.1 0.1
Std Dev 0.07 0.00 0.00
2 Std Dev•. 0.14 0.00 0.00

The statlstcWi-cresented In•the table lend themselves to the following observations:

S The ~values containedif the table are highly conservative. The sample rate for the test
moni~torig system was limited toO. 1 min (6 sec). In many cases the fuse cleared between
sample times. For these cases, the clearing time has been conservatively assigned a value of
0.1 mm. ThYi approach holds true for all values in that the maximum possible clearing time
has been assigned. Inhic-nt in this approach is that the analysis uncertainty associated with
determining the statilstiical values is completely incorporated into the values.

* All cables that reached a minimum leakage current of 0.25 A ultimately cleared the fuse.
This is evident in that the population for all three threshold currents is the same. This is an
important observation because it demonstrates that once fault resistance has degraded to the
transition point, the cascade effect dominates the ultimate outcome and the fault does not
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then "hang up" at an intermediate resistance value that results in a prolonged abnormal low-
level current flow.

" Once fault current surpassed 1.0 A, the cascade effect accelerated, as evidenced by the
smaller delta between the 1.0 A to 2.0 A average and the 0.25 A to 1.0 A average.

" Once fault current for thermoset cable exceeded 2.0 A, the average clearing time was 0.14
min, with a 95% (2 standard deviations) upper bound of 0.4 min. I-'rom this it can be stated
that 95% of the faults cleared within 24 sec.

" Thermoset cable fails much more quickly than thermoplastic cable.

B.1-6.1.1.3 Assessment of Probability

A different - and arguably better - way to tabulate the data is to determine the fraction of
faults that were cleared by the fuse within a specified tiime. This tabulation is shown in
Table B. 1-2.

Viewed from this perspective, the data represents ,i go no go or success - failure data
set. In this format the data is readily analyzed in mainer useful in addressing the MHIF
concern. The table is-interpreted as follows: For thermoset cable, once fault current
reached a level of 0.25 A, 62.7% of the faults were cleared within 0.2 min; 78.7% of the
faults were cleared within 0.5 min; and so on.

B.1-25



NEI 00-01 Revision 2 - Draft

December 2007

Table B.1-2
Probability of Clearing Faults Within a Specified Time

Percentage of Faults Cleated
Time (min) 0.25 A 1.0 A T 2.0 A

Thermoset Cable
o 0.0% 0,0% : 0.0%

0.1 46.7% 77.3% 89.3%
0.2 62.7% 86.7% 90.7% ,,
0.3 70.7% 88.0%, 92.0%1,:,
0.4 74.7% 90.7% 93.3%..
0.5 78.7% 90.7%" 94.7%
0.6 84.0% 92.0% 96.0%
0.7 85.3% 92.0% 96.0%
0.8 89.3% 93.3% 100.0%
1.0 90.7% 94.7% :, 100.0%
1.5 96.0% 97.3% 100.0%
2.0 96.0 % 98.7% 100.0%

Thermoplastic Cable :_ __

0 0.0% 0.0% 0.0%
0.1, 87.2% 100.0% 100.0%-
0.__2_ 94.9% 100.0% 100.0%
0.3 100.0% 100.0% 100.0%

Figures B. 1-5 and B. 1-6 graphically illustrate the data contained in Table B. 1-2,.
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Figure B.1-5
Percent Faults Cleared for Specified Time - Thermoset Cable
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Figure B.I-6
Percent Faults Cleared for Specified Time - Thermoplastic Cable
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The following observatitns can' be made about the probability data:

" Faults for thermopaistic cable essentialIy degrade to full failure immediately. Given
.. the limitations of the moiitoring system sample rate (6 sec) and the conservative

treatment of the data. it iss'uspected that the actual failure times are in the millisecond
range and not seconds. On this basis the observations for thermoset cable are
considered to bound the thermoplastic cable.

" Figure HI-5] shows that the i.OA curve is approaching the 2.0 A curve. This
graphically1illustrates that once current has surpassed the 1.0 A threshold, the cascade
effect drives the outcome and full failure is inevitable. Again, with respect to the
MHIF concern, this confirms that the inherent fault behavior does not support the
concept that fault current can stabilize at some intermediate value. Once cascading
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begins, the fault will progress to full failure, provided the system is capable of
delivering sufficient energy to the fault.

M Once fault current reaches 2.0 A, 89% of the faults are cleared within 0.1 min and
100% of the faults'are cleared within 0.8 min. Again, considering the limitations of
the monitoring circuit, the actual times are less than indicated.

0 From the 1A current threshold only one fault t6ok longe•r• than 2 min to clear - it
cleared in 2.1 min.

B.2-6.1.1.4 Uncertainty Analysis

An uncertainty analysis of the data contained in Section B.1-6.1.1.3 is needed to establish
a confidence level in the results. The dataset conforms to the requirements for a binomial
distribution [23, 24], and thusa binomial confideince• interval will be used to assess
uncertainty. The confidence intervalI will be calculated at the 95% level. Only thermoset
cable data is included in the calcutlo~n sihce it bounds th~ethernmoplastic cable data.

The binomial confidence interval •6lculatloii s' particularly punishing in this case
because of the relativelyv small sample population and low number of failures. This factor
adds additional mariii to the calculated \,alues of uncertainty.

The binomial conifidence limits are calculatetdas follows:

x x + - x

iihere: P1, Probability confidence limits
n • n ample population
.... x umber of observations failing criteria

Desired confidence level factor (1.96for 950o)

Table B. 13 shows the calculated 95% confidence factors and Table B.1-4 shows the
95% lower confidence limit values for the dataset.
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Table B.-3
Binomial Distribution 95% Confidence Factors

Binomial Distribution 95% Confidence Factors
Time (min) 0.25 A 1.0 A 2.0 A

0 0.0% 0.0% 0.0%
0.1 11.3% 9.5%/•• 7.0%
0.2 10.9% 7.7%/ 6.6%
0.3 10.3% 7.4% .6.1%Yo
0.4 9.8% 6.6%- 5.6
0.5 9.3% 6.6%,__ 6.6%• 5.1%
0.6 8.3% 6.1%0 4.4%
0.7 8.0% 6,1 , 4.4%
0.8 7.0% ?5,:6% 0.0%
1.0 6.6% 5:1%0/ • 0.0%
1.5 •4,4% 3.611,, 0.0%
2.0 "4.45"o%. 2.6% 0.0%

Table B.1-4,
IFault (learing Time 95% Lower Confidence Limit

95% Lower Confidence Limit
Time (min), 0.25A 1.0OA 2.0OA

0 0.>o 0910U 0.0% 0.0%
0.1 35.4% 67.9% 82.3%
0.2 51.7% 79.0% 84.1%
0.3 60.4% 80.6% 85.9%
0.4 . 64.8% 84.1% 87.7%
0.5 69.4% 84.1% 89.6%
0.6 75.7% 85.9% 91.6%
0.7 77.3% 85.9% 91.6%
0.8 82.3% 87.7% 100.0%

>; 1.0 84.1% 89.6% 100.0%
1.5 91.6% 93.7% 100.0%
2.0 91.6% 96.1% 100.0%

B. 1-30



NEI 00-01 Revision 2 - Draft
December 2007

Figure B.1-7 shows the 1.0 A and 2.0 A fuse clearing probabilities with the 95%
confidence limits applied. Note that the t = 0 confidence limits have no real meaning
since no fails have occurred at this point.

Figure B.1-7
Probability of Clearing Fault Within Specified Time

With 95% Uncertainty Bound Applied

a)
C.,

LL

100.0%

90.0%

80.0%

70.0%

60.0%

50.0%

40.0%

30.0%

20.0%

10.0%

0.0%
0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0

Time to Clear Fuse (min)

B.1-6.1.1.5 Leakage Current for Non-Failures

The data presented in Sections B.1-6.1.1.2 and B. 1-6.1.1.3 demonstrates the behavior of
faults for those cases in which the fuse did not clear. Just as important in addressing the
MHIF concern is: What was the behavior for cases in which the fuse did not clear? The
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key issue, of course, is whether any cases occurred in which fault current increased to a
level of concern without triggering the fuse.

A review of the data for all cases in which the fuse did not clear indicates that the highest
fault current observed without the fault ultimately cascading to full failure and clearing
the fuse was 0.17 A, which correlates to a fault resistance of 700 d. No cases existed in
which the failure progresses to the cascade point and did not ultimately fully fail.

B.1-6.1.2 NRC /SNL Fire Test Results .

The NRC/SNL fire tests are documented in NUREG/CR-6776, Cable Insulation
Resistance Measurements Made During CableFire Tests [3]. It is not litendecd that this
analysis conduct a comprehensive review of-the data>assoclated with the NRC/SNL
report. Rather, the test results are reviewed to ascertain any trends or insights different
than observed in the EPRI/NEI test results.

The NRC/SNL test results show the same basic progression for cable failure. Insulation
resistance drops predictably down to the 1-0 k• to 1,000 Q range, at which points the
failure cascades rapidly to full failure. Th monitoring equipment sample rate was
approximately 75 sec, and thus the measurement do t not fully capture the dynamics of
the cascade effect. Ll-e the EPRI/NEI data, in• •many cases the IR is high one
measurement theni low\ to the subsequent measurement. The final IR values are more
erratic than,.observed in the EPRI/NEI testdata. This is attributed to the limited-energy
circuit used for the imestmgi!.. The circuit was designed to limit current to 1.0 A, which
prevented the system fr.. consistently driving faults to their conclusion. This
observation further supports the Base Case requirement that the system be capable of
supplying sufficient energ(n•: •the fault. A typical plot of insulation resistance from the

SNRC/SNL fire tests is shownn •r nFigure B. 1-8.

B. 1-32



NEI 00-01 Revision 2 - Draft
December 2007

Figure B.1-8
Insulation Resistance Values for Typical Test Series

(Courtesy of USNRC and Sandia National Laboratories)
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Characterization of Arcing Faults
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As disciissed in Section B.1-4.0, high impedance faults on systems operating at 480 V
and aboveare manifested as arcing faults. Arcing-type faults are unique in their behavior
and must be treated differently than conventional bolted faults [7, 13 - 22].

Arcing faults are characterized by relatively high fault impedance and low, erratic fault
current. The rms current for an arcing fault can be substantially lower than the maximum
available fault current (bolted fault). Arcing faults on high energy systems are extremely
damaging and must be cleared rapidly to avoid extensive damage.
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B.1-6.2.1 Fire as an Initiator of Arcing Faults

Operating history for electrical power systems shows the most common cause of arcing
faults to be:

0 Loose connections that overheat, causing minor arcing thiat escalates into an arcing
fault

0 Surface conduction due to dust, moisture, or other contaminates orn insulating
surfaces

0 Electrical mishaps involving conducting materials (e.g., dropping a metal wrench into
energized switchgear) or foreign objects in iiclosures: '

0 Insulation damage.

From a circuit failure perspective, <fire ,>an external even it %ihe propensity to damage
any circuits in the vicinity of the fire; h:owever, industry pxperience does not identify fire

as a major initiator of faults on high 'energy ,,ýstens. It is surmised that in many cases,
operators take actionito de-energize highvoltage equipment before it is engulfed by an
escalating exposure fiius Nonetheless, fire-induced arcing faults can occur on high
energy systems and must b1 addressed.

B.1-6.2.2 Classificatio" of Faiults

ArciMLý aults aty take the Iorm of a line-to-line fault or a line-to-ground fault. Arcing
fatults include:

Tiree Phase (3-0) Systems: • 3-0 line-to-line

3-0 line-to-ground

1-0 line-to-line

1-0 line-to-ground.

Single Phase (1-0) Systems: 1-0 line-to-line

1-0 line-to-ground.
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Line-to-ground arcing faults pose less of a concern than line-to-line arcing faults for
electrical distribution systems equipped with ground fault protection. Ground fault
sensors may be set with high sensitivity to low magnitude currents because ground
current is not expected under normal conditions. In contrast, line-to-line arcing faults can
take longer to detect since the phase overcurrent devices are less capable of
discriminating between a relatively harmless overload and a highly damaging, low-
magnitude arcing fault.

Line-to-ground faults on solidly grounded electrical systems that are not equipped with
ground fault sensors can produce faults that are not insta"ntaneously cleared. Systems of
this design rely on the phase overcurrent devices for protection, which do not offer the
same degree of sensitivity to ground faults as do ground fault sensors. Itisiimportant to
maintain perspective on this point. A highly .energetic ground fault thait is allowed to
persist for even severalseconds will generally caisek widespread damage. Concern over
this type of fault has initiated changes to recommended practices for protection against
arcing ground faults. High-resistance grounded systems are generally not susceptible to
damaging ground current flow because a grounding resistor or reactor limits the current
to a very low level. Ungrounded systems require a fault on at least two phases to produce
fault current flow. This type of fault is:essentially a lHnei-to-line fault.

Operating experieiie shows that arcing faults are most prevalent in metal-enclosed
switchgear and open busways'containing uninsulated bus bar. Insulated cables in conduit
or tray more frequently suffer bolted faults. These characteristics are attributable to the
nature of the arc. Arcing faults on uninsulated conductors tend to travel away from the
source because of magnetic force interactins with the ionized arc. Movement of the arc
miinimzes the concentration of fault energy. In contrast, insulated cable does not allow
rapid movement of the arc. ',Consequently, the arc energy and the damage it inflicts
remain concentrated at the initial arc location, causing a more rapid degradation of the
fault to a bolted fault.

B.1-6.2.3 Arc Voltage Drop and Waveshape

The arc voltage drop ranges from 100 - 150 volts for fault currents between 500 and
20,000 amps. The voltage is. effectively constant over a wide range of current. The
length of the arc for distribution level voltages varies but usually ranges between 1 and 2
inches.
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Test data shows that the arc voltage waveshape is significantly distorted. The waveshape
is initially, sinusoidal and then quickly flattens at a magnitude of 100 - 150 volts,
depending on the exact arc length and local conditions. The arc voltage waveshape does
not increase in a linear fashion as a function of the system voltage. The voltage contains
a significant third harmonic component, which is on the order of five times the normal
value.

Once an arc is initiated, it extinguishes at current-zero and then reignites when
instantaneous voltage reaches some threshold value. A key relationship exists between
the reignition, or re-strike voltage, and the level of fault current. .The lower the re-
ignition voltage the higher the fault current. As reignition voltage approaches zero, fault
current approaches its maximum value (bolted fault). And, as reignition voltage
approaches system voltage, fault current approaches zero (open circuit). fAs a result of
this inverse relationship, it is evident that higher reignition voltages represent more of a
concern than lower voltages with respect to the MHIF concern. Analyses of distribution-
level arcing faults generally assume a reignition voltage of 375 V (peak instantaneous).
This voltage is considered a conservative practical upper limit for reignition based on
typical system designs.

Arcing fault reignition has several important implications:

, Arcing 'faults with a reignitioniivoltage above the system voltage are self-
extinguishing. Thus, a lower threshold of fault current exists for which a fault can
sustain itself beyond one cycle.

* An arc is not self-extinguishing at or above voltage levels with a peak
instantaneous. voltage greater than approximately 375 volts. 375 volts
instantaneous corresponds to 265 volts rms.

" Sustained arcing faults on single phase 120/208 V AC systems are exceedingly
rare. Two factors are involved: (1) the low system voltage reduces the likelihood
of exceedin-gthe reignition voltage, and (2) unlike three phase faults, periods of
no currentflow exist for single phase configurations, affording the ionized hot
gasses a better chance of dissipating. This is not to say that arcing faults cannot
occur at these voltage levels and cause equipment damage. It does, however,
support a position that "sustained" arcing faults at this level very seldom occur.
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0 The fault current associated with arcing faults increases as a percentage of the
bolted fault current as system voltage increases. This characteristic is due the
nature of the arc voltage, which remains relatively constant regardless of system
voltage. Thus, the higher the system voltage, the longer will be the conduction
portion of the arc ignition-extinguishment cycle.

0 High impedance arcing faults are primarily anAC isystem phenomenon. The
low-magnitude current associated with an -arcing fault is largely due to the
ignition - extinguishment cycle of the fault, which serves to lower the rms fault
current. In a DC system, a periodic ,gmnition extinguishiment cycle does not
exist. Voltage is constant and thus Current flows continuouslyionce an arc is
established.

B.1-6.2.4 Arc Fault Current

The current waveshape consists )I' non-continuous alteTmating pulses, with each pulse
lasting about '/4 - 3/ of a cycle. The arc .is xtinguished each half cycle and reignited in
the succeeding half cycle as discussed in Secti'onB.1-6.2.3 above.

The generally accepted-multipliers (expressed in % of bolted fault current) for estimating
rms arcing fault 'current for 480/277 V' systems are listed below. The multipliers are
based on establishing the l•wer values of probable fault current-for realistic values of arc
voltage. Arc liigt-his assdup'•ied to be 2 inches' and arc voltage 140 V (line-to-neutral) /
275 V (line-to-lin ).ihcdepl)ent of curren t.Neither of these assumptions is strictly true
because of the dynamiic inovemnent ofthelarc and other configuration variables at the fault
location. Thus, actual fault current may also vary. The estimated current values are,
however, represenitative of the values produced during testing.

3. 0 Arcing Fault: 89%

LlrientQ-LineArcing Fault: 74%

Line-to-Ground Arcing Fault: 38%

Note: Some industry papers addressing arcing fault protection suggest a multiplier of
19% for line-to-ground arcing faults. However, documented occurrences of cases below
38% appear exceedingly rare and appear to be associated with switchgear faults, which
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tend to have longer arc lengths. The 38% value is considered reasonable for this
assessment since the concern is with cables and not switchgear.

Minimum values of arcing fault current have not been established for medium voltage
systems. However, as noted in Section B.1-6.2.3 above, the values will increase with
system voltage, and as minimum will be higher than the> 480 V values listed above.
Practical experience indicates that arcing fault currents for medium voltage systems
actually approach bolted fault levels.

B.1-6.2.5 Arc Energy

Even though the rms current for an arcing fault is less, than that of a bolcdc fault, arcing
faults can cause a great amount of damage. Most of the energy in the arc is released as
heat at the arcing points; very little heat is conducted ""away from the arc by the
conductors. In contrast, a bolted fault dissipates energy throughout all resistive elements
in the distribution system and &sq not cause the concentrated energy release seen in
arcing faults.

Fire can cause unspecified damage to cable mnd equipment insulation, which in turn can
initiate an arcing fault in energized conductors.• The failure sequence starts with a
progressively decreasing insulation resistance. At some point under the applied voltage
stress, the insulation alls sufficient leakage current to cause excessive localized
heating in the insulation (usually at some minor imperfection in the cable). The localized
heating escalates rapidly !due to the high energy capacity of the system, and within
moments Clconductor Luld insulation• temperature reach their vaporization point.
Conductive iatlaI ; rled, forming a vapor cloud in the vicinity of the fault. The

vapor cloud readily conducts! electricity and an arc is formed. The cloud of vaporized
metal tends to quickly condense on surrounding surfaces, which creates a cascading
effect for the arcing• fl t as additional arc paths are created. The loss of material due to
vaporization contribuies to the dynamic nature of arcing faults. Depending on the fault
geometry ýand conditions, the arc might persist, blow open, or degrade to a bolted fault.

The amount of conductor vaporized during an arcing fault is directly related to the energy
released at the fault. The industry-accepted correlation (supported by test results) is that
50 kW/sec of energy will vaporize approximately 1/20 in3 of copper. The significance of
this characteristic is that arcing faults at medium voltage levels (above 1,000 V) cannot
sustain themselves beyond a few seconds. The tremendous energy release at these higher
voltages vaporizes conductor material so fast that the fault degrades almost immediately
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or blows open. This category of fault can completely demolish equipment in a matter of
seconds if not cleared.

B.1-7 ANALYSIS OF MHIFS

This section analyzes the MHIF concern within the framework of knowledge about fire-
induced fault behavior developed in Section B.1-6.!; This characterization of fault
behavior shows that faults manifest themselves differently at different voltage levels.
Accordingly, the analysis conducted here is brokenidown- by voltagtclassification.

B.1-7.1 Medium Voltage Systems (2.3 kV and Above).

Medium voltage systems at nuclear plants typically ,operatewithin the 2.3)kV to 13.8 kV
range. Overcurrent protection for this class of< equipment usually includes electro-
mechanical or solid state overcurrent relays that actuate power circuit breakers. High
voltage fuses may be used for some installations. Most systems also include sensitive
ground fault detection designed to rapiridly clear ground faults, which can be highly
volatile and damaging. ..

HIFs for this class of power manifest themselve s as arcing faults. The electrical
properties and cl6aracteristjcs for arcing faults are discussed in Section B.1-6.2. The
expected im pacf1of arcing f'aults at the medium voltage level is addressed by the items
below:

a The t•ipcal arc voltage drop of' 10 - 150 volts is small in relation to the overall
system voltage. Thus, an arcing fault at medium voltage levels will not appreciably

K< •:• reduce fault current in the•same manner as it does for low-voltage systems. Based
:•on the 480 V nultI)liers, presented in Section B. 1-6.2.4, very conservative assumed

lower arcing fault currents of 40% (line-ground) and 80% (line-to-line) of the
symmetrical rms bolted fault current produce highly damaging levels of current
flow. An adequately designed protective system can be expected to clear faults at
these levelss very rapidly (within a few seconds). Systems coordinated in
accordan ewivth the guidance of ANSI/IEEE 242 (or other acceptable criteria) are
considered to be adequately designed.

E Most all medium voltage power systems include sensitive ground fault protection
devices. These devices are set to clear ground faults at very low levels (20 A - 100
A) - well below the assumed 40% lower fault current limit. Systems that are high
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resistance grounded inherently limit fault current to a low value. Accordingly,
these systems are designed to be extremely sensitive to ground fault current, and are
expected to rapidly clear any type of ground fault.

0 Certain cable runs may not be protected by overcurrent relays, but instead may use
differential protection schemes. Differential protection is very sensitive and any
cable protected this type of circuit will clear in-z6ne faults within milliseconds.
Sensitivity varies, but is in the 10s to hundreds ofamps and not thousands of amps.

0 Arcing faults on medium voltage systems produce explosivec ciergies. An arcing
fault with an arc voltage of 140 volts (very conservative for this6 voltage level) and
fault current of 2,000 A (also a conservative value) will vaporize copper conductor
at a rate of:

Volume Vaporized - (140 x 2.00 x 1/20) / 50 -0.,4515 in3 copper/ sec

At this vaporization rate ftorbtisbar or cable, the fault conditions cannot be
sustained for more than a fex\ moments before the dynamic nature of the fault
produces near bolted conditions or blows open.

n Operating experience shows that even with highly sensitive protection that clears
arcing £failts within a fraction of a ýecond (or in the worst case seconds) severe
localized damage is likely. Given tht energies involved, from a hardware integrity
perspective it is not plausible that arcing faults can be sustained for a prolonged
period of time at medium voltage levels.

iConclusion

HIFs at medium voltiage levels will manifest themselves as arcing faults. The minimum
credible fault current produced by these faults will be rapidly detected by an adequately
designed 'protective scheme and the fault will be cleared immediately, typically within
milliseconds. Fhe •nergies produced by arcing faults for this class of power system
cannot be sustained by the hardware for more than a few seconds due to physical
destruction of the conductor, insulating materials, and surrounding equipment. The
analysis supports a conclusion that, for medium voltage power supplies conforming to the
Base Case, the probability of MHIFs is sufficiently low to classify the failure mode as an
incredible event that does not pose a credible risk to post-fire safe shutdown.
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B.1-7.2 480 V - 600 V Low Voltage Systems

480 V systems are most common at nuclear plants; however, some 600 V systems exist.
A variety of overcurrent protective devices are used for this class of equipment. Load
centers are generally protected by low voltage power circuit blreakers configured with an
internal electro-mechanical or solid-state trip unit. Motor com~rol centr an Isrbto
panels typically contain molded case circuit breakers or fu°&•, Some 480 V systems are
configured with separate ground fault detectors and some are not%,

HtFs for this class of power manifest themseles as arcing fauits. The electrical
properties and characteristics for arcing faullts ,;are discussed in Section, B.1-6.2. The
expected impact of arcing faults at this voltaI level is addressed by the items below:

" Credible lower limits for sustained arcing fault(' o 480 V systems are presented in
Section B.1-6.2.4. Arcing fault currents of 38%o (line-ground) and 74% (line-to-
line) of the symmetrical rms bolted fault current produce damaging levels of current
flow. An adequately designed protective system can be expected to clear faults at
these levels rapidly (although'rmaybe n6t instantaneously). Systems coordinated in
accordance with the guidance 6f ANSI-/IEEE 242 (or other acceptable criteria) are
considered to be adequately designed. A worst'cae example is developed below to
substantiate this position.

" A wor t-case scenar•o might involveaw-arcing ground fault on a solidly grounded
system that Is not configured with Hidividual ground fault detection. Assume an
end-of-hne fault has a symmetrical rms bolted fault current of 5,000 A (highly
conservaive as most 480 V systems produce fault current in the range of 10 kA to
25 kA). This case would result in an arcing fault current of 1,900 A (.38 x 5,000).
It is conceivable- that this level of fault current might not trigger the instantaneous

.trip element of the affected overcurrent device; however, the inverse time element
wyill assuredly detect and clear the fault as no realistic system contains feeders
operting at 1,900 A continuous. In this case it is plausible that the fault might take
10 - 1 5,sec to 'clear. However, due to the destructive power this fault would
unleash, i•is doubtful that the hardware would survive these conditions.

" If the above scenario is postulated to occur at the switchgear, it is distinctly possible
that the switchgear main breaker might not readily detect the fault, as these breakers
can be rated at 800 A - 4,000 A. Literature documents such cases, and complete
destruction of the switchgear was the outcome. However, switchgear and bus faults
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requiring main breaker protective action are not of concern for the MHIF issue.

* 480 V systems configured with properly coordinated ground fault detection can be
expected to clear low-level arcing ground faults immediately.

* As with medium voltage systems, *arcing faults on 480 V systems produce
tremendous energies at the fault location. An arcing fault with an arc voltage of
100 volts (conservative) and fault current of 1,900 •A• will vaporize copper
conductor at a rate of:

Volume Vaporized = (100 x 1.90 X 1/20) / 50 = 0.190 in3, copper / sec

Although not as severe as that seen on iediumv1otage systems,'this vaporization
rate for busbar or cable cannot be sustained, and the fault will progress rapidly to a
bolted condition or will blow open as localized destructlon escalates.

Conclusion

HIFs on 480 V - 600 V power systemsw manifest themselves as arcing faults. The
,minimum credible fault• current produced by thete faults will be detected by an
adequately designed prot•ctive scheme and the fault will be cleared (although maybe not
instantaneously)., The energies produced by arcing faults for this class of power system
cannot be sustained by the hardware for xextended periods of time before physical
destruction of the conductor, insulating materials, and surrounding equipment result in
widespread1and catastrophic damnage. The analysis supports a conclusion that, for 480 V
-600 V power supplies cionforming to the Base Case, the probability of MHIFs is

x sufficiently low to classify the failure mode as an incredible event that does not pose a
credible risk to post-fire safe shutdown.

B.1-7.3 120 V and 208.V Systems

120 V systemsare most often used for control and control power circuits; 208 V systems
are typically associated with lighting, small motors, heaters, etc. 120 V single-phase
circuits are of greatest interest for this study. For nuclear plant applications, overcurrent
protective devices are generally molded case circuit breakers or fuses located within
power distribution panels. The systems are most often powered by battery-backed
inverters or relatively small transformers.
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The recent industry and NRC fire tests confirm that the behavior of cable faults on 120 V
systems is fundamentally different than that. for faults on 480 V and higher systems.
Theory predicts that sustained arcing faults at the 120 V level are not credible because the
system is not able to repeatedly overcome the reignition voltage of 375 V. Indeed testing
appears to confirm this point. This is not to say that arcing faults cannot occur at the 120
V level, but rather that they cannot be sustained. Arcing faults on 120 V systems have
been said to be "sputtering" faults. They arc, extinguish, md then re-arc and extinguish
in a random manner based on the local conditions and Leomefy ,t the fault. The test data
identified two cases that may have fallen into this category. Thec cases are included in
the data set analyzed in Section B. 1-6.1. It is noteworthy that tmecurrent profiles for
these cases show current to be erratic and unpi-edictable, but at no time did current rise to
HIF levels and remain there for more tha a ew seconds. Ultimately, the fault in each
case degraded to a low level and was cleared by the ffuse.• These faults may also have
simply been a case in which the localized insulatioribreakdown effect shifted as a result
of the fire dynamics. Regardless of the specific phenomena at work, these cases are
included in the analysis.

The test data clearly shows that faults at thlicslevels on aveiage do not clear as rapidly as
faults at higher voltages. With our understanding Of behavior, the reason for this is
somewhat intuitive. The applied voltage stress and available fault current are orders of
magnitude lower than for higher voltage power systems. Hence, the local conditions are
not nearly as-, %volent and the cable failure sequence simply progresses at a slower rate.
That is, the eneirgy released at the fault is much lower, and thus the insulation is not
driven to full failure as rapidly. Additionally, the magnetic forces at this level do not
cause the dynamic clfccts (mnoiement of conductors) observed for high energy system
faults...

The electrical propertics and characteristics for faults on 120 V systems are discussed in
Sectin B.1-6.1. The e.\pected impact of these faults is addressed by the items below:

0 The test data indicates that 120 V faults do not manifest themselves in a
milanuer conducive to sustained HIF conditions. Once the fault has progressed
to 6acertain level, it cascades rapidly to full failure within seconds or 10s of
seconds, as shown by the test data (summarized below). This phenomenon
was observed consistently in all the EPRI/NEI test data and NRC/SNL data,
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with the exception of instrument circuits,27 which are not within the scope of
this analysis. The transition region at which the cascading effect begins
appears to range from approximately 10 k92 to 1,000 D2. But in all instances,
when leakage current exceeded 0.25 A the fault was driven to failure and the
fuse cleared. The 0.25 A (480 92 fault resistance) threshold is important
because this level of fault current (more appropriately classified as leakage
current at this level) poses no conceivable risk ,for any realistic circuit with
respect to the MHIF concern.

M This analysis uses 2 A as the benchmark value for fault current flow that
represents a lower limit of current potentially of concern from a MHIF
perspective. This value represents 6-07%o of the test circuit continuous current
capability (i.e., 3 A fuses). Analysls(of thimetest data provides us with the
following probabilities associated witht ed ti Ime frames for clearing faults once
fault current has risen to 2 A. The 95% confidence level is also shown to
quantify uncertainty irn the data set.

17 The inability of instrument power supplies to transfer appreciable energy to the fault appears to
preclude rapid failure in some cases. The impact of this effect on instrument circuits is discussed in
the NRC/SNL report [3].
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Probability of 95% Lower
Time (min) Clearing Fault Confidence Limit

0.1 89.3% -82.3%
0.2 90.7% 384.1%
0.3 92.0% 85.9%
0.4 93.3% 87.7%
0.5 94.7% ,,, 89.6%
0.6 96.0% 9•1.6%
0.7 96. 0 0o 91i.6%
0.8 100,0% 100.0%,
1.0 7 .10 , 0.0 %o 100.0%

0 The two key observations gleaned ftnutheprobability values are:
* Over 80% of the faults are cleared in loss than 0.1 min at a 95% confidence

level
* 100% of the faults (orinev• 100% if some margin is added for general

uncertainty) clear withini0.8"iiiin at a 95% confidence level

* The EPRI/NEI test data ~rveaed NO' cases in which the test circuit fuse
failed to•clear once current exceed 0.17 A (700 Q2 fault resistance) - an
important obsevation supporting the premise that faults do not "hang up"
once cascade failure begins. >i

* The test ircuits upon \ lhcli the probability values are based contained 3 A
fus.es. A fair question to ask is whether the probability values are applicable
to circguits with larger protective devices, for instance a 5 A or 10 A branch
circuit fuse. Based ou the fault characteristics, applying the results to high
rated devices appears justified. Once current has passed 2 A, the fault

... resistance has degraded to a low level and the system, rather than the fault,
becomes the primary determinant of the fault current magnitude. Provided the
protective devices are adequately coordinated and the system provides
sufficient fault current, the relative timing of the devices will be maintained
over the entire fault current range. The important behavior here is that the
faults do not "hang up" and thereby jeopardize the coordination scheme by
producing fault currents below detectable levels.

Conclusion
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A detailed analysis of fault behavior for 120 V systems indicates that these faults do not
exhibit characteristics that are conducive to sustained HIF conditions. The analysis
demonstrates that once fault current surpasses a certain threshold level, the fault
repeatedly and reliably degrades to a low level that will trigger overcurrent protective
action for an adequately designed system. This threshold levelv\aries but appears to be
near 0.2 A at the lower limit. This level of "abnormal current flow" does not pose a risk
with respect to the MHIF failure mode and in fact does not even render the affected
circuit inoperable. The fundamental fault characteristics upon which this conclusion is
based were readily apparent in the EPRIiNEI tests and the NRC/SNL tests. Additionally,
a similar utility-sponsored test conducted in 1987 revealed the same basic behavior [27].
The analysis supports a conclusion that, for 1i20 V power supplies conformingto the Base
Case, the probability of MHIFs is sufficently low to ,classify the failure: hmode as an
incredible event that does not pose a credible risk to post-fire safe shutdown.

B.1-7.4 125 V and 250 V DC Systems

125 V and 250 V DC systems P#6vIdje-control power and motive power to essential
equipment, including switchgear and, motor co'ntrol circuits, motor-operated and solenoid

dvalves, instruments, and emgencylight ig \Oercurrent protective devices areoperated vavsaisrmntademr

generally molded cas•-circuit breakernor fuses -, locaýte within power distribution panels.
Low voltage power Ircuit breakers are sometimes used at the DC control centers.

The test data wind industry information presented in Section B.1-6.0 apply to AC power
systems and thus' cannot ••e directly applied to DC systems. However, the well-
understood ifferenccs býewteen AC and DC power allow the results to be reasonably
applied t sGstems a explained below:

0 Arcing type faults on low voltage DC systems cannot be ruled out using the
:. same logic applied to low voltage AC systems. Once an arc is struck on a DC

system, it has no sinusoidal waveform to initiate the ignition-extinguishment
cycle, andithus the concept of a minimum re-ignition voltage does not apply.
However. high impedance arcing faults are primarily an AC system
phenomenon. The low-magnitude current associated with an arcing fault is
largely due to the ignition - extinguishment cycle of the fault, which serves to
lower the rms fault current. In a DC system, fault current more readily flows
without interruption once a short circuit begins. This continuous current flow
is not conducive to prolonged, sporadic arcing conditions. Once the fault
begins, theory predicts that it will quickly escalate in magnitude and will be
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rapidly cleared by a properly designed protective system. Operating
experience supports this theory in that high impedance arcing faults are not
identified as a concern by industry standards and literature.

0 For non-arcing faults on 125 V DC systems, the andavltical results for 120 V
AC systems can be conservatively applied. The key failure phenomenon
observed in the test data is the cascading ef once leakage current exceeds
the threshold level. Here again the continuous nature :of DC power supports a
position that energy will be transferred to the fault faster in a DC system
because the voltage stress applied at the fault is constant and will precipitate a
quicker breakdown of the insulation.

* As a second factor affecting the rateiofý cacade• failure, the test data shows a
correlation between available fault current and the expected clearing time.
DC systems at nuclear power plants are battery-backed, and thus are capable
of delivering high fault currents almost instantaneously. These fault currents
are often an order of magMtue larger than exists on 20 V AC systems.

" Virtually all DC power distribution •;ystems at nuclear plants operate
ungrounded. Thus, ground faults are not of concern in a manner similar to AC
power systems.

" Operating experience with fatiIton battery-backed DC power systems is
that the fault will likely blow open but it can also quickly weld itself. In either

. case, whatever'is going to happen happens almost instantaneously.

• Conclusion

Test data and industry literature pertaining to fault characteristics for representative DC
power systems are not readily available. However, a reasonable extrapolation of the
analysis resuits for A( systems is accomplished using engineering rationale based on the
differences15ltween AC and DC power. The inherent characteristics of DC power do not
introduce any kiown factors that preclude application of the analysis results to DC
systems. To thl; contrary, DC power characteristics lend credence to a position that the
AC results are conservative with respect to DC power system performance. Although not
a technical basis, it is noteworthy that the NRC limits its stated concern with MHIF to
AC power systems [4]. It would appear that NRC technical experts investigating the
issue concur that the postulated phenomena are limited to AC power systems.
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B.1-7.5 Failure Consequence Analysis

Elements of this MHIF evaluation contain risk-informed arguments. As such, it is
prudent to assess not only likelihood of the postulated failure mode, but also the potential
consequences of failure.

B.1-7.5.1 Loss of Safe Shutdown Power Supply

The MHIF failure mode can result in a safe shutdown power supply becoming de-
energized, which in turn could potentially lead to, de-energizatnionof safe shutdown
equipment. This failure mode is fundamentally different than electrical failures resulting
from the direct effects of fire. The direct effect failure modes (i.e., shorfs-to-ground, hot
shorts, open circuits) cause circuit damage that can only be rectified through repairs. The
MHIF failure mode is not unrecoverable in the sense• that restoration involves resetting an
overcurrent relay, closing a circuit breaker, or replacing a fuse. (It is acknowledged that
fuse replacement is generally Xlassified as a "repair activity" within the compliance
guidelines for Appendix R. Nonethelcsssfrom a "consequence" point of view, replacing
a fuse - which typically requires no-tool trisimple tool - is fundamentally different than
a repair involving the replacement of cables and components.) It is understood that
operators are creditedt wi th identifying the prob~lemnm nd taking steps to restore the
affected power suppl\ to service. Given that almostiall safe shutdown power supplies
require some local action for alternative shutdown or spurious operation mitigation, it is
also probable that critical :power supplies are covered by emergency lights and that
access/egress paths have beeneconsidered. On this basis, the MHIF failure mode is
considered to have a low, consequence and is not a significant contributor to fire risk.

B.1-7.5.-2 High-Low Pressu rIIn terface Components

This analysis strives to maintain consistency with existing regulatory perspective.
Accordingly, it Ls considered prudent that in applying this criteria, it be confirmed
tha a postulated 'HIF does not have the capability to initiate an opening of a
high/do\ pressure interface, due to the potentially severe consequences.

This constraint should not prove limiting in that high/low pressure interface
components are most always designed to fail safe in the "closed" or "isolated" state
and the MHIF failure mode will always involve de-energization.
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B.1-8 CONCLUSIONS

This analysis investigates fire-induced circuit failure characteristics to determine if and
under what conditions the MHIF failure mode poses a cre~dible .isk to post-fire safe
shutdown. The analysis is based on objective test data and recognized engineering
principles as documented in test reports, consensus standaards.and other credible industry
references. The analysis considers both likelihood and consecquence, and also addresses
analysis uncertainty for critical results.

A Base Case set of conditions has been established to define the limits of applicability for
the analysis. Within the defined limits, this MHIF analysis is intended t& erve as a
generic evaluation and is -considered to satisfy the regilatory requirement that high
impedance faults be considered in the analysis of'associated circuits. Circumstances that
fall outside the defined Base Case will require a plant-specific analysis.

A detailed analysis of fault characteristics for the voltage llevelsof interest indicates that
these faults do not exhibit characteristics ttaiet coincide witli hat of concern for MHIFs.
The analysis supports a conclusion that th( probabilItyof MHIFs for power supplies
conforming to the Base Case is sufficiently low to- classify the failure mode as an
incredible event-that does'ot pose a credible risk to post-fire safe shutdown.

The results iand conclusionWs of this analysis miay be used to support a licensing basis
change (using an approyed regulatony process) under the following conditions:

a The power supply conforms to the Base Case requirements.

i The power supply will not cause opening of a high/low pressure interface boundary

if dte-energized.
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APPENDIX C

HIGH / LOW PRESSURE INTERFACES

C.1 PURPOSE

The purpose of this appendix is to identify considerations necessary to address the issue
of circuit analysis of high/low pressure interface components.

C.2 INTRODUCTION

10 CFR 50 Appendix R analyses must evaluate the potential for spurious operations that
may adversely affect the ability to achievemand maintain safe shutd6wns .. \ subset of
components considered for spurious operaionIinvolves reactor coolant pressure boundary
(RCPB) components whose spurious operation scan lead to anunacceptable loss of reactor
pressure vessel/Reactor Coolant System (RPV/RCS) inventory via an interfacing system
loss of coolant accident (ISLOCA). Because an ISLOC2A is a significant transient, it may
be beyond the capability of a givii safe, shutdown path to mitigate. As a result of this
concern, selected RCPB valves iarel defined as high/lo pressure interface valve
components requiring special consideration and criteria.

Note: As part of industry efforts to support transition of fire protection programs to 10
CFR 50.48(c) (NFPA 805), }a Frequently Asked Question (FAQ) 06-0006 was written to
clarify the definition of high/low pressure interface components. In the closure memo for
FAQ 06-0006 dated March 12,, 2007, the NRC stated:

"...th staff concludead,• •at ethe definition provided in NEI-O0-OI for the term
"high.. -loiipessure 'interface" is acceptable.

C.3 IDENTIFYING HIGH/LOW PRESSURE INTERFACE COMPONENTS

Relullatorv Guidance

The criteria ford dfining high/low interface valve components are described in the
following NRC documents.

Generic Letter 81-12 states, in part:

The residual heat removal system is generally a low pressure system that
interfaces with the high pressure primary coolant system. To preclude a LOCA
through this interface, we require compliance with the recommendations of
Branch Technical Position RSB 5-1. It is our concern that this single fire could
cause the two valves to open resulting in afire initiated LOCA.
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BTP RSB 5-1, Rev. 2 Dated July 1981 states in part:

B. RHR System Isolation Requirements

The RHR system shall satisfy the isolation requirements listed below.

1. The following shall be provided in the suction side of the RHR system to
isolate it from the RCS.

a. Isolation shall be provided by at least 40 power-operated valves in
series. The valve positions shall be indicdted in the control room.

b. The valves shall have independent diverse interlocks to prevent the
valves from being opened unless the RCS pressure is-.s : below the RHR
system design pressure. failure of a power supply shall not cause any
valve to change position-l,

c. The valves shall have independe n diverse interlocks to protect against
one or both valves being open during an RCS increase above the
design pressurc of the RHR system.

2. One of.the followinghal lbe :prov"ded on the discharge side of the RHR
system to isolate itfromn the RCS:

a. The valves, position indicators, and interlocks described in item ](a)
thru 1(c) above,

b. One• ioe•ore check valves in series with a normally closed power-
o thea vatve. hpwer-operated valve position shall be indicated

in control room. If the RHR system discharge line is used for an
[, CCS funCiion, the power-operated valve is to be opened upon receipt

.. fja safety injection signal once the reactor coolant pressure has
deiased b/elow the ECCS design pressure.

c. Thgi-e check valves in series, or

d. ITwvo check vailves in series, provided that there are design provisions
to permit periodic testing of the check valves for leak tightness and the
testing is performed at least ann'ually.

NRC Information Notice 87-50 reiterates:

Appendix R also states that for these areas, the fission product boundary integrity
shall not be affected, i.e., there shall be no rupture of any primary coolant
boundary. Thus, for those low pressure systems that connect to the reactor
coolant system (a high pressure system), at least one isolation valve must remain
closed despite any damage that may be caused by fire.. Since the low pressure
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system could be designed for pressures as low as 200 to 400 psi, the high pressure
from the reactor coolant system (approximately 1000 to 1200 psi for BWRs and
2000 to 2200 psi for P WRs) could result in failure of the low pressure piping. In
many instances, the valves at the high pressure to low pressure interface are not
designed to close against full reactor coolant system pressure and flow
conditions. Thus, spurious valve opening could result in a LOCA that cannot be
isolated, even if control of the valve can be reestablished

The NRC has taken the position that high/low pressure interface equipment must be
evaluated to more stringent requirements than non-high/low pressure interfaces when
considering spurious operations. The purpose of the requimrents is to ensure that a fire-
induced LOCA does not occur.

The NRC concern is one of a breach of the RCS boundary, by failure of the downstream
piping due to a pipe rupture or other failures suchi as relief valve operations. However, if
the spurious opening of RCS boundary valves cannot result in atpipe •rupture or
unintended relief valve operations (i.e., downstream piping is rated for the: range of RCS
pressures), then the subject boundary valves do tnot constitute high/low pressure
interfaces. The following combinations of valves afe typically considered as high/low
pressure interface concerns:

a. RCS to shutdown cooling system (e.g., Residual lHeat Removal/Decay Heat
Removal, etc.) suction valves.

b. RCS letdown isolation valves (eg letdown tb3radwaste, condensate (BWRs),
main condenser>(BWRs) or volume control system (PWRs).

c. RCS high point vent isolation v alves

Note that not all of these valves meet the oi'ginal criteria identified in GL 81-12, nor is
RSB 5-1 applicablei to each• examnple>. This expansion in scope is the result of
conservative i rnfterpretti)ons by licenises and the NRC as safe shutdown compliance
strategies at findvidual p1its, lave evolved.

Based on the above g'luidancc, the following criterion is established to determine if a
RCfBralve is considered a high/low pressure interface valve component: A valve whose
spuriou, opening could result in a loss of RPV/RCS inventory and, due to the lower
pressure ratuing or other breaches such as relief valve operations on the downstream
piping, an interfacing LOCA (i.e., pipe rupture in the low pressure piping).

C.4 CIRCUIT ANALYSIS CONSIDERATIONS

The specific differences made in addressing circuit analysis of high/low pressure
interface components are described in NRC Generic Letter 86-10, Question 5.3.1, which
requests a clarification on the classification of circuit failure modes. The question and
the response are provided below.
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5.3.1 Circuit failure modes

Question

What circuit .failure modes must be considered in identifying circuits associated by
spurious actuation?

Response

Sections III.G.2 and JII.L. 7 of Appendix, R define the drcuitrfailuremodes as hot shorts,
open circuits, and shorts to ground. For consideration of spurious actuations, all
possible functional failure states must be evaluated, that is, the component could be
energized or de-energized by one or more ofthe above failure modes. Theref6re, valves
could fail open or closed; pumps could fail rutifng or notunning, electricail distribution
breakers could fail open or closed. For three-phase A C circuits, the probability of
getting a hot short on all three phases in the proper sequence to cause spurious operation
of a motor is considered sufficiently low as to not requtre evaluation except for any cases
involving Hi/Lo pressure interfaces. For- ungrounded DC circuits, if it can be shown that
only two hot shorts of .the proper polarit {ithout grounding could cause spurious
operation, no further evaluation is necessrai excepf fijr any cases involving Hi/Lo
pressure -interfaces. ,,.

The response to Question 5.3.1 establishes a basis for limiting the number of credible
circuit failure imd6es that need to be postulated for non-high/low pressure interface
components. At 'th'e samentime it implies that further evaluation is required when
consideriiffg'circuit faihir-es hiiigh/low pressure interface components. Further
evaluation is required foi- cases involving high/low pressure interfaces, specifically, the
case of two hot sh6ots on an ungrounded DC circuit. The discussion involving the DC
circuit implies that two hot >.hofs need not be postulated except for high/low pressure
interface components.

High/low pressure initerface valves are -identified separately from other safe shutdown
components, because the cable fault analysis and the effects on safe shutdown due to
spurious operation of the high/low interface valves are evaluated more stringently than
the safe shutdo~wn components. The potential for spuriously actuating redundant valves
in any one high/low pressure interface as a result of a fire in a given fire area must also be
postulated. This includes considering the potential for a fire to spuriously actuate both
valves from a selective hot short on different cables for each valve.
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C.5 FIRE AREA ASSESSMENT OF HIGH/LOW PRESSURE INTERFACES

Figure C-1
High/Low Pressure Interface Example
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In this example, the postulated fire damage is evaluated for two cases. In the first case,
Case (a), the fire is assumed to have the potential to cause the spurious opening of one of
the two series normally closed high/low pressure interface valves. In the second case,
Case (b), the fire is agssumed to have the potential to cause the spurious opening of both
series high/low pressure interface valves.

Case (a):

For this case, the spurious opening of either one of the two series high/low pressure
interface valves can be justified on the basis that the other valve will remain closed and
prevent an interfacing system LOCA.

Case (b):

For this case, the argument applied above would be unacceptable. Examples of
acceptable alternatives would be to protect the control circuits for either valve in the fire
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,area, to reroute the spurious circuits or to de-power one of the valves to prevent spurious
opening.

A mitigating action may be taken prior to the start of the fire event that precludes the
condition from occurring, or a post-fire action may be taken that mitigates the effects of
the condition prior to it reaching an unrecoverable condition relative to safe shutdown, if
this can be shown to be feasible. When mitigating actions are taken, they must comply
with the applicable regulations and licensing bases.

C.6 REFERENCES

C.6.1 Branch Technical Position BTP RSB 5-1 Rev. 2, July 1981.

C.6.2 Generic Letter 81-12, "Fire Protection Rule," February 20, 198 1.

C.6.3 Generic Letter 86-10 "Implementation of Fire Protection Requirements," April
24, 1986.

C.6.4 IN 87-50 - Potential LOCA at High andI Aw1,)% Pressure Interfaces from Fire
Damage, October 9, 1987.

C-6



APPENDIX D

ALTERNATIVE/DEDICATED SHUTDOWN REQUIREMENTS

D.1 PURPOSE

The purpose of this appendix is to provide the requirements for alternative and dedicated
shutdown that are distinct and different from the requirements6 forredundant shutdown.

D.2 INTRODUCTION

The use of alternative/dedicated shutdown capability is required in those specific fire
areas where protection of a redundant safe shutdown path from the effects of fire was not
possible. Alternative/dedicated shutdown capability is generally specified for the control
room. Other plant areas where alternative/dedicated& shutdown capability may be
required include the cable spreading room, electrical distribution room, relay room(s), or
other plant areas where significant quantities of control cables are routed and redundant
trains of safe shutdown equipment have not beeii ;eparated in accordance with the
requirements specified in Section >II.G.2 of Appendix R. The areas where alternative or
dedicated shutdown is credited are defined in the licensing basis documents for each
plant. Use of the term alternative or dedicate dshutdown is applied to the specific plant
area(s) and not to the equipment or methodology (capability) employed to achieve safe
shutdown. The alternative/dedicated shutdown capability may be different for each of
the defined areas. Manual actions ma) be utilized for alternative/dedicated shutdown
capability in accordance with NRC requirements and guidance.

Alternative/dedicated shutdown capability requires physical and electrical independence
from the area of concern This is usually accomplished with isolation/transfer switches,
specific cable :;routig 'aid protection, and remote shutdown panel(s). The
afternative/dedicted• safe shutdown system(s) must be able to be powered from the onsite
power supplies, which must be physically and electrically independent from the area
undericonsideration. The availability or loss of offsite power and loss of automatic
initiation logic signals must be accounted for in the equipment and systems selected or
specified: All activities comprising the alternative/dedicated shutdown capability are
considered mitigating actions and need to be evaluated against regulatory acceptance
criteria to ensure that the goals and criteria in Section III.L are met.

Appendix R Section IIJ.G.3 requires that the equipment, cabling, and associated circuits
required for alternative shutdown must be independent of the fire area *being evaluated.
Therefore, in the case of a control room fire, the safe shutdown systems and components
may be similar to those used in other areas for redundant shutdown; however, they must
be physically located outside the fire area and if required, the control of the components
must be -electrically isolated -by transferring control to a remote shutdown control
station(s). Examples of components and cables that must be physically and electrically
independent of the control room for alternative or dedicated shutdown use include the

D-1



components that can be controlled from a remote shutdown panel and the cables that
provide control from that panel once they are isolated from the control room circuit. GL
81-12 required that each Appendix R' plant submit its modification plans for their
alternative shutdown capability for prior staff review and approval. These submittals
typically included details of the proposed isolation/transfer design.

This appendix describes those aspects of the methodology and guidance for
altemative/dedicated shutdown that are different from the methodology and guidance
applied for redundant post-fire safe shutdown in the body of this document. Section D.3
overviews the methodology as it relates to control room fires, since the control room is
the fire area where alternative shutdown is predominantly used. Section D.4 describes
the regulatory requirements for alternative and dedicated shutdown. Section D.5 itemizes
the differences in shutdown methodology between alternative/dedicated shutdown and
those supplied in the body of this document for 'redundant shutdown. Section D.6
recommends additional operator actions that should be considered for use on a plant-
unique basis for fires requiring control room evacuation11.

D.3 OVERVIEW

Since the majority of nuclear plaits use the alternative/dedicated shutdown scheme
exclusively -for a control room fire,'ithis overview addresses this fire location only. An
exposure fire in the Control Roomi of an operating nuclear power plant would be a
potentially serious event. The likelihood of a control room fire, however, is considered to
be small. The worst-case expected fire for a control room would be one that is contained
within a single section of a control panel. This is true because the control room is
continuously manned, the introduction of combustible materials and ignition sources is

strictly controlled, and the fire protection aid separation features designed into the
control room are focused on the prevention of such an event. The expected plant
response to this• type of. event wo'lýd be to immediately extinguish the fire and to
determine the 'heed to initiate alternative/dedicated shutdown. While the fire is being
extinguished, assming that the Control Room remains habitable, the remaining Control
Room operators would continue to perform their duties as trained, responding to alarms
and mmonitoring -important plant parameters.

Despite this, the post-fire safe shutdown analysis for a control room fire must assume fire
damage to all of the' systems and equipment located within the Control Room fire area.
Additionally, the analysis assumes that all automatic functions will be lost and a loss of
offsite power will occur. Consequently, the operators will be forced to evacuate the
control room and to safely shut down the unit from an emergency control station(s). The
size and ifitensity of the exposure fire necessary to cause this damage are not determined,
but are assumed to be capable of occurring regardless of the level of combustibles in the
area, the ignition temperatures of these combustible materials, the lack of an ignition
source, the presence of automatic or manual suppression and detection capability; and the
continuous manning in the control room.
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Generic Letter 86-10, Response to Question 53. 10, states, "Per the criteria of Section
II.L of Appendix R a loss of offsite power shall be assumed for afire in any fire area
concurrent with the following assumptions:

a. The safe shutdown capability should not be adversely affected by any one spurious
actuation or signal resulting from afire in any plant area; and

b. The safe shutdown capability should not be adversely affected by afire in any plant
area which results in the loss of all automatic function (signals, logic) from the
circuits located in the area in conjunction with one worst case spurious actuation
or signal resulting from the fire; and

c. The safe shutdown capability should not be adverselyifec ted by afire in any plant
area which results in spurious actuation of the redunant valves in any one high-
low pressure interface line. , I

The analysis must consider the effects of each potential spurious oioperation and the
mitigating action(s) that may be necessaryio each. ½These conservatp/c ,ssumptions
form the design basis for control room fire mitigatIon.Nx

As with the post-fire safe shutdown analysis pe•fOrned in areas where redundant safe
shutdown paths are used, the hnalyst must be cautious not to improperly apply the
conservative assumptions describec4 iqv, for example, theassumption that unprotected
circuits in a given fire area are damagedby the fire. This as~skption is conservative only
in terms of not being able to creditithe stcnls Lid equipment associated with these
circuits in support of post-fire safe shutdov. If the analyst, however, were to a.ssume
that these circuits were to be damaged by the fire when this provided an analytical
advantage, this would be rnonconservatine. For example, assuming that fire damage
results in a loss of offsite power may'fbe nonconservative in terms of heat loads
assumptions used in an analysis to determin~ethe need for HVAC systems.

D.4 APPENDIX R REGULATORY REQUIREMENTS AND GUIDANCE

Appendix R Section III.G.3 riovides the requirements for alternative or dedicated
shutdown capability use.d to provide post-fire safe shutdown. Section III.G.3 states:

.. lternative •or dedicated shutdown capability and its associated circuits,]

independent of cables, systems or components in the areas, room or zone
under consideration, shall be provided.

a. Where the protection of systems whose function is required for -hot
shutdown does not satisfy the requirement of paragraph G.2 of this
section; or

b. Where redundant trains of systems required for hot shutdown located in
the same fire area may be subject to damage from fire suppression
activities or from the rupture -or inadvertent operation offire suppression
systems.
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In addition, fire detection and a fixed fire suppression system shall be
installed in the area, room, or zone under consideration.

IX. G. 3 Footnote 1 - Alternative shutdown capability is provided by rerouting,
relocating or modification of existing systems; dedicated shutdown capability
is provided by installing new structures and systems for the function of post-
fire shutdown.

To satisfy the requirements of Section III.G.3 and use alternative or dedicated shutdown
capability, the cables, systems or components comprising the alternative or dedicated
shutdown capability must be independent of the area under consideration.
Alternative/dedicated shutdown capability meeting the requmrements of Section III.G.3
must satisfy the requirements of Section III.L. Sectioni III.L. 1 provides requirements on
the shutdown functions required for the systemsc selected fori ýalternative/dedicated
shutdown. It also provides the minimum design criterion for the systems performing
these functions.

L. Alternative and dedicated shutdown, caability. '

1: Alternative or dedicated shutdown capabilit iprovided for a specfic fire area
shall be able to (a) achievie and maintain subcritical reactivity conditions in
the reactor, (b) maintamirea1t 1/,coolant inventoiy, (c) achieve and maintain
hot standby2 conditions f.or a PWRIhot shutdP n2 for a B WR), (d) achieve
cold shutdown conditions wilth in-2 huish 'and (e) maintain cold shutdown
conditionsthcreafter. During the postfire shutdown, the reactor coolant
system proce&ývariables shall, be maintained within those predicted for a loss
of 'lo1mal a.c. po wer, and the fission product boundary integrity shall not be
affect ed: i.e., there shall be no jfael clad damage, rupture of any primary
coolant boundaryv, or rupture ?Of ýhe containment boundary.

.. IIIL Footnotet - As defined in the Standard Technical Specifications.

III. G.3 P-oonote I - Alternative shutdown capability is provided by rerouting,
relocating or moditication of existing systems;, dedicated shutdown capability
is providedt /by installing new structures and systems for the.function of post-
fire shutdown.

Section III.L.2 identifies the performance goals for the shutdown functions of
alternative/dedicated shutdown systems as follows:

2. The performance goals for the shutdown functions shall be:

a. The reactivity control function shall be capable of achieving and
maintaining cold shutdown reactivity conditions.

b. The reactor coolant makeup finction shall be capable of maintaining the
reactor coolant level above the top of the core for B WRs and be within
the level indication in the pressurizerfor P WRs.

D-4



c. The reactor heat removal function shall be capable of achieving and
maintaining decay heat removal.

d. The process monitoring function shall be capable of providing direct
readings of the process variables necessary -to perform and control the
above functions.

e. The supporting functions shall be capable of providing the process
cooling, lubrication, etc., necessary to permit the operation of the
equipment used for safe shutdown functions.,

When utilizing the alternative or dedicated shutdown capability, transients that cause
deviations from the makeup function criteria (i.e., .b above) ,have been previously
evaluated. A short-duration partial core uncovery (approved Tfort BWRs when using
alternative or dedicated shutdown capability) and a short duration of RCS level below
that of the level indication in the pressurizer for PWRs are two such itransients. These
transients do not lead to unrestorable ýcond•tions and thus have been deemed to be
acceptable deviations from the performance goals". For, Appendix R plants, these
conditions may not meet the requirements of III1L and an exemption request may be
needed.

Section III.L.7 also highlights the importance of considering associated non-safety
circuits for alternative shutdown capability by stating the following:

"The safe shutdown equipment and'systems fo each fire area shall be known to
be isolate' firom associated non-safety circuits in the fire area so that hot shorts,
open ljruitts, or shorts to ground in the associated circuits will not prevent
operation o/ithe salfe hutdown equipment."

Additi6onl uidance on the topic ofalternative/dedicated shutdown has been provided in
the°idlowlng, documents.:

<ME\NRC Generic Letter 81-12
R \C Informationi Notice 84-09

M NRCTGeneric Letter,86-10.

Furthermo&. based6 n the guidance information in IN 85-09 as indicated below, the
availability of redundant fusing should be considered when relying on transfer switches.

During a recent NRC fire protection inspection at the Wolf Creek facility, it was
discovered that a fire in the control room could disable the operation of the plant's
alternate shutdown system. Isolation transfer switches of certain hot shutdown systems

28 NRC Letter December 12, 2000 (ML003776828) states, with respect to BWRs, "The staff reiterates its

longstanding position that SRV/LPS is an appropriate means of satisfying Section III.G.3 of Appendix R (regardless
of whether SRV/LPS can be considered to be a means of redundant hot shutdown capability)." Later the staff also
concludes that "SRV/LPS meets the requirements of a redundant means of post-fire safe shutdown under Section
II1.G.2 of 10 CFR Part 50, Appendix R."
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would have to be transferred to the alternate or isolated position before fire damage
occurred to the control power circuits of several essential pumps and motor-operated
valves at this facility. If the fire damage occurred before the switchover, fuses might blow
at the motor control centers or local panels and require replacements to make the
affected systems/components operable. This situation existed because the transfer scheme
depended on the existing set offuses in the affected circuit and did not include redundant
fuses in all of the alternate shutdown system circuits. For most of the transfer switches,
the situation would not cause a problem because the desired effect after isolation is the
deenergization of power. In instances where the system/component has to be operable or
where operation might be required to override a spurious actuatioan of a component (such
as a motor-operated valve), replacement of fuses may haic become necessary. In such
cases, troubleshooting/repair would be required to achieive orminaintain hot shutdown.

Additional guidance for selecting the process monitoring functions for alternative

shutdown is provided in IN 84-09 as indicated in the following excerptt from GL 86-10.

1. Process Monitoring Instrumentation

Section III.L.2.d of Appendix R to 10 CFR Part 50 states that "the process
monitoring function shall be capable of providicig direct readings of the process
variables necessary to perfprm and control " tcreactivity control function. In
I&E In/brmation Notice 8409, the staff provids.ý a listing of instrumentation
acceptable to and preferred h by the staffp demonsttrate compliance with this
provision. While this guidance provides mn acceptable method for compliance
with the reguliation, it does not 'exclude otherkalternative methods of compliance.
Accorditihly, a licensee may propose to the staff alternative instrumentation to

comply ýi ith the rwulation (e.g., boron concentration indication). While such a
submittal i'not ai-exemption request, it must be justified based on a technical
evaluation. wyexemption

For- Appendix R•RSectlon 11.G.3, the area/room/zone under consideration should be
pfovided with a fixed suppres'joyinsystem and fire detection.

Additiinal guidance regarding the requirements for suppression and detection in rooms
or fire zoncs relying on alternative/dedicated shutdown is provided in GL 86-10 Question3.1.5. ]•

3.1.5 Fie cZones

QUESTION

Appendix R, Section III. G. 3 states "alternative or dedicated shutdown capability
and its associated circuits, independent of cables, systems or components in the
area room or zone under consideration .... " What is the implied utilization of a
room or zone concept under Section II. G. of Appendix R? The use of the
phraseology "area, room or zone under consideration '" is used again at the end
of the Section III.G.3. Does the requirement for detection and fixed suppression
indicate that the requirement can be limited to afire zone rather than throughout
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a fire area? Under what conditions and with what caveats can the fire zone
concept be utilized in demonstrating conformance to Appendix. R ?

RESPONSE

Section III. G was written after NRCs multi-discipline review teams had visited all
operating power plants. From these audits, the NRC recognized that it is not
practical and may be impossible to subdivide some portions of an operating plant
into fire areas. In addition, the NRC recognized that. in some cases where fire
areas are designated, it may not' be possible to provide alternate shutdown
capability independent of the fire area and, therefore, would have to be evaluated
on. the basis of fire zones within the fire area. TThe NRC also recognized that
because some licensees had not yet performed a safe shutdown analysis, these
analyses may identify new unique configurrailons•.

To cover the large variation of possible configurations, thie' 1equirements of
Section III. G were presented in three Parts:

Section III. G. I requires one train of hot shufdŽ,wn systems be free offire damage
and damage to cold shutdown systems be limited. [NRC has stated that 1) Section
III.G.2 does not allow the iuse of operator manual actions without prior approval
to demonstrate compliance with Section III.G.2 when redundant trains are located
in the same fire area, and 2) despite Section III.G.1, compliance with Section
III.G.2 needs to be demonstrated when redundant trains are located in the same
fire area. Rulemaking currently in progress will impact this position. Repairs to,
or manual operation of, equipment required for cold shutdown are allowed in
accordance with current regulations and regulatory guidance.]

Section ilI G.2 provies certain separation, suppression and detection
requirements withiinz fire areas; ihere such requirements are met, analysis is not
necessar•y [As clarified in Section 3.4.1.6 of this document (excepting
emergency control stations), depending on a plant's licensing basis, exemption
requests, deviation requests and GL 86-10, Fire Hazards Evaluations or Fire
Protection Design Change Evaluations may be used to demonstrate equivalency to
the separation ,requirements of Section III.G.2 as long the ability to achieve and
maintain- safe shutdown is not adversely affected.] [Note the current NRC
position above on the use of unapproved operator manual actions]

Section III. G.3 requires alternative dedicated shutdown capability for
configurations that do not satisfy the requirements of III.G.2 or where fire
suppressants released as a result of fire fighting, rupture of the system or
inadvertent operation of the system may damage redundant equipment. If
alternate shutdown is provided on the basis of rooms or zones, the provision of
fire detection and fixed suppression is only required in the room or zone under
consideration.
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Section III. G recognizes that the need for alternate or dedicated shutdown
'capability may have to be considered on the basis of afire area, a room or afire
zone. The alternative or dedicated capability should be independent of the fire
area where it is possible to do so (See Supplementary Information for the final
rule Section III. G). When fire areas are not designated or where it is not possible
to have the alternative or dedicated capability independent of the fire area,
careful consideration must be given to the selection and location of the alternative
or dedicated shutdown capability to assure that the performance requirement set
forth in Section III. G. I is met. Where alternate or dedicaited shutdown is provided
for a room or zone, the capability must be physically and electrically independent
of that room or zone. The vulnerability of the equipment and personnel required
at the location of the alternative or dedicated shutdown capability to the
environments produced at that location as a result of theofirer fire suppressant's
must be evaluated.

These environments may be due togihe hot layer, smoke, drijiiigftýuppressants,
common ventilation systems, common, drain sstems or flooding., In addition,
other interactions between the locations may- be possible in unique
configurations.

If alternate shutdown is prooijed-on the basis of rooms or zones, the provision of
fire detection and fixed suppression is only requireid in the room or zone under
consideration. Compliance with Section 111.G.2 cannot be based on rooms or
zones.

See also Sections #5 ,and #6 of the "Interpretations of Appendix R.

Additional guidance regarding alternative shutdown is found in GL 86-10 Enclosure 1
"Interpretations of Appendix R" and Enclosure 2 "Appendix R Questions and Answers"
Section 5. Question 5.3.10 of GL 86-10 addresses the plant transients to be considered
whe'n designingthe altenative or dedicated shutdown system:

5.3.10 DesignBaisis Plant Transients

QUESTION

What plant transients should be considered in the design of the alternative or
dedicatedshutdown systems?

RESPONSE

Per the criteria of Section III.L of Appendix R a loss of offsite power shall be
assumed for afire in any fire area concurrent with the following assumptions:

a. The safe shutdown capability should not be adversely affected by any one
spurious actuation or signal resulting from afire in any plant area; and
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b. The safe shutdown capability should not be adversely affected by afire in any
plant area which results in the loss of all automatic function (signals, logic) from
the circuits located in the area in conjunction with one worst case spurious
actuation or signal resulting from the fire; and

c. The safe shutdown capability should not be adversely affected by afire in any
plant area which results in spurious actuation of the redundant valves in any one
high-low pressure interface line.

This response defines a bounding design basis plant transient that should be considered to
result during a fire that ultimately requires control room eyacuation (this could be a
control room fire or a fire in another area, depending upon the plant design). During such
a fire, the operator would be expected to perform as trained. Thie6perator would respond
to any alarms, follow all plant procedures, and •effectively and safely control the unit.
The fire causing control room evacuation, however, culd cause da e that affects the
operator's ability to use all systems available for controlling the unit. In the unlikely
event that control room evacuation is required, the response to ,question 5.3. 10 provides a
bounding plant transient that describes the expected worst-case conditions for such an
event.

" The first condition that must be met is to be able to achieve and maintain safe
shutdown in the event that offsite power•is lost. This condition was specified as a
part of the design basis because the potential fora loss of offsite power exists during a
fire, since, in most plants, breaker control for theffi'ite power breakers is installed in
the control room. .

" The second' condition that must be satisfied is that a single spurious operation may
occur as a result of the fire and this spurious operation cannot adversely impact the
safe shutdown capability. This condition was specified as a part of the fire design
basis because there' is some potential for a spurious operation to occur due to the high
concentration•of equipment controls within the control room. The specific worst-case
single spurious •peration, however, was not defined. The requirement for addressing
a aworst-case spurious signal is met by identifying any spurious operation that has the
po6tential to adversely affect the safe shutdown capability and to evaluate the effects
on the safe shutdown capability on a one-at-a-time basis.

* 'The third condition is that it should be assumed that all automatic functions capable
of mitigating the effects of the postulated spurious operation are also defeated by the
fire. This condition was prescribed in order to prevent crediting automatic functions
for mitigating the effects of a worst-case single spurious signal when the controls for
these automatic functions are also contained in the control room and other fire areas.

N The fourth condition is that protection must be provided to assure that the safe
shutdown capability is not adversely affected by a fire that causes the spurious
operation of two redundant valves in any high-low pressure interface line. Preventing
the spurious operation of two redundant valves in a high-low pressure interface can
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be important because the systems available may not be specifically designed to
mitigate the effects of a LOCA.

Because of its specialized nature, the alternative/dedicated shutdown capability needs to
be specifically directed by plant procedure(s). Other regulatory acceptance criteria must
also be met.

D.5 METHODOLOGY DIFFERENCES APPLICABLE TO ALTERNATIVE!
DEDICATED SHUTDOWN

The following are the differences between the "baseline" methodology provided in the
body of ihis document and the requirements that must be applied to alternative/dedicated
shutdown.

" The ability to achieve and maintain safe shutdown must be demonstrated for the
condition of a loss of offsite power. 2

" Specific shutdown procedures must be developed fo)r alternative/dedicated shutdown.

0 The alternative/dedicated shutdown capability and its. associated circuits" must be
physically and electrically independent of the cables, systems, and components in the
area under consideration. Isolation transfer switches and redundant fusing unaffected
by the fire or electrical and physical isolation and manual manipulation of equipment
could be provided to ensure alternative or dedicated shutdown. Cold shutdown
equipment can be repaired and operated to achieve cold shutdown within 72 hours.
For the case of the alternative/dedicated shutdown area fire, potential spurious
operations are a4ssume'd to occur as noted earlier in the discussion of GL 86-10
Question 5.3. 10. Typically. :alternative/dedicated circuit designs provide
is6lation/transfer switches, for Nafe shutdown equipment circuits, that when actuated
'will remove aults/spurious operations that may occur during the time of control room
evacuation. Emergency ' control stations, such as remote shutdown panels, are
typically provided with display instrumentation and other equipment/system status
indications that alert the operators to spurious actions that may have occurred prior to
the plant operators reaching the local stations and taking control. If the circuit can be
isolated by the actuation of an isolation/transfer switch, the transfer switch should be
provided2. For those circuits in the affected fire area that are not provided with
transfer switches, each identified potential and credible spurious operation must be
identified to determine if mitigating actions are required. Similarly, for those circuits
in the affected fire area prior to isolation/transfer that are provided with transfer
switches, each identified potential and credible spurious operation must be identified,
to assure that the isolation/transfer capability has provided the means to restore the
component to its desired shutdown position. These mitigating actions cannot take
credit for the loss of offsite power or loss of automatic actuation logic signals to the
extent that this assumption would pr'ovide an analytical advantage. All mitigating

29 See Generic Letter 81-12 Clarification, dated March 22, 1982.. 0
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actions need to be evaluated for acceptability using current NRC guidelines to ensure
that safe shutdown can be achieved and maintained.

" Cold shutdown must be achievable within 72 hours.

" Areas where must have a fixed fire suppression system and fire detection installed.

D.6 ADDITIONAL OPERATOR ACTIONS RECOMMENDED FOR CONTROL
ROOM EVACUATION

The primary goal for Control Room fires is to achieve saf cishutdown. Guidance on
actions to be taken is found in Generic Letter 86-10 Question )3.8.4. As a secondary
consideration, in helping to minimize the impact of the effects ofu afire on the potential
property loss, additional operator actions Foulid b& useful if iinuded in the plant
procedures for control room evacuation,. The following are examples of some beneficial
actions. Licensees should identify actions that provide i positive benefit in terms of
alternative post-fire safe shutdown and include these in the governing procedures.

The following actions should be considered for incluioin in the control room evacuation
procedures as immediate operator actions to be performe~dprior to leaving the control
room. These actions are in addition to performing the reactor scram/trip that is already
endorsed for this event.

a. Closing the Main Steam Isolation Valves.

b. [BWR] Closinig the MaNkiinSteam drain lines.

c. [BWR] Trippingthe4feed pumps and closing the feed pump discharge valves.

d. [PWR] Isolation of letdown.

This is done at the Auxiliary Shutdown Panel for some PWRs.

These actions could bec a benefit in minimizing the potential for flooding of the main
steam liStes outside of primary containment (BWRs), minimizing the potential of an
overcoolingey2ntPWRs), and conserving RCS inventory (PWRs).

To prevent damage to equipment important to alternative post-fire safe shutdown at the
emergency control station, the following actions should be considered for immediate
operator actions in the procedures governing shutdown at the emergency control stations
(some of these actions are performed by operators not at the auxiliary shutdown panel):

(1) Upon arrival at the emergency control station, assure that the pumps (Service
Water, Component Cooling Water, etc.) that provide cooling to the Emergency
Diesel Generators are running. If the pumps are not running, start them
immediately. [In the event of a loss of offsite power, the Emergency Diesel
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Generators may receive a start signal. If the pumps providing cooling to the
Emergency Diesel Generators are not running, then the Diesel Generators could 0
be damaged. Performing this action as an immediate operator action upon
arrival at the emergency control station will provide added assurance that the,
Diesel Generators will not be damaged.]

(2) Upon arrival at the emergency control station, assure that an open flow path
exists for any pumps that are running. If the pump is running, but not injecting,
then assure that the pump minimum flow valve is open. If the pump minimum
flow valve cannot be opened, trip the pump. Performingthis as an immediate
operator action upon arrival at the emergency control station will provide added
assurance that these pumps will not be damaged.

(3) [PWR] Upon arrival at the emergency control station, trip the Reactor Coolant
Pump (RCP) to protect the RCP seals•.

Licensees using such actions for altemative/dedicated shutdown must be able to
demonstrate that these actions can be carried out according to appropriate regulatory
acceptance criteria. ,

D.7 REFERENCES

D.7.1 Generic Letter 81-12, "Fire Protection Rule," February 20, 1981.

D.7.2 Generic ,Letter 86-10, "Implementation of Fire Protection Requirements," dated 0
April 24, 1986.

D.7.3 10 CFR 50 AppentdiR•R1,Fire Protection for Operating Nuclear Plants.

D.7.4 IN 84-09) - Lessons Leamed from NRC Inspections of Fire Protection Safe
Shutdown Systems (1OCFR 50 Appendix R), Revision 1, March 7, 1984.

D.77.5 IN 85-09 - Isolation Transfer Switches and Post-Fire Safe Shutdown Capability,
Sanuary 31, 1985,
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D-12



NEI 00-01 Revision 2 - Draft
December 2007

APPENDIX E

ACCEPTANCE CRITERIA

OPERATOR MANUAL ACTIONS AND REPAIRS

PURPOSE

This appendix provides guidance regarding the use of operator manual actions and repairs
to equipment required for post-fire safe shutdown.,

II. INTRODUCTION

Operator manual actions may involve manual coftrol, local control or manual operation
of equipment. Operator manual actions on equipmct for the purpose of performing its
required safe shutdown function are allowed based on the criteria provided in this
appendix in Section VII. Repairs may be performed to,• ,-Iuipment required for cold
shutdown. This appendix provides the criteria to assure that;the-reliance on operator
manual actions or repairs is appropriate. These criteria are intended to assure that the
actions specified are capable of being per•formed, aindthat reliance on them is balanced
within the overall safe shutdown strategy f6r a(liven fire a.

IIl. RELIANCE ON OPERATOR MANUAL A nTIONS

Automatic. c ontrol functions, are a design feature provided to mitigate or limit the
consequences of one or more design basis accidents. NRC Generic letter 86-10 Section
5.3. 10 ~suggests that post-fire safe shutdown be able to be accomplished without reliance
on these automatic functions. Therefore, automatic control functions are not required for
post-fire safe shutdown. As a re'sult, manual operation of the systems available for
mitigating the effects of plant fires is required. This Appendix provides the criteria for
determining when an operator manual action is allowed by NRC and when NRC approval
for the use of an o1perator manual action in support of post-fire safe shutdown is required.

Specific plant protewtive functions, due to the nature of their design in assuring safe and
reliable plant operation, require special consideration for a fire event. The RPS Scram
function is one such system. Due to the required design features of RPS Scram System,
automatic or manual Reactor Scram circuitry cannot be fully protected from the effects of
fire-induced circuit failures. Due to the importance of this system to reactor safe
shutdown for multiple design conditions, re-design of the RPS Scram circuitry is not
feasible. To assure the Reactor is scrammed for all fire conditions, it is recommended
that each licensee assure that the Emergency Operating Procedure (EOP) action to
implement the requirements of EO- 113 is linked to their post-fire safe shutdown
procedures. This action is considered to be acceptable, feasible and reliable for all fire
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conditions, i.e. III.G.1/III.G.2 and/or III.G3./III.L. [Reference, BWROG Paper on NRC
1N 2007-07.]

IV. DIFFERENTIATING BETWEEN OPERATOR MANUAL ACTIONS AND
REPAIRS

The fundamental difference between operator manual actions and repairs is definitional.
Both are subject to timing limitations, feasibility, and resource constraints. The NRC has
placed additional limitations on the use of repairs, such that they may only be used to
achieve and maintain cold shutdown conditions. Thisidistinction provides the
opportunity for licensees to maintain hot shutdown for an extended period of time, if
necessary, while repairs are performed to equipment that •is requircd to either transition
to, or maintain cold shutdown.

From an operational perspective, there is no meaningful distinction whether an action is
defined as an operator manual action or a repair, since the same considerations apply.

V. DEFINITIONS

This appendix on operator manual actio••f•Ilies upon definitions contained in Section 6.
For the definition of terms used in this appendix, refer to Section 6, Definitions.

VI. CRITERIA

To credit the use ol,..oioperator iiiaial actions or repairs to achieve post-fire safe shutdown,
certain criterianusthub met. /The first criteria for operator manual actions is that the
operator manual actio1inmust b4e, allowed. Section VII of this Appendix provides the
criteria for determining whether an operatormanual action is allowed. For those actions
that are 1allowed, the remaining sections 6f this Appendix apply in determining whether
the specific allowed action is feasible. To credit an operator manual action not allowed
based on the criteria in Section VIINRC approval through an exemption request or a
license amendment is required. In processing an exemption request and/or license
amendmient, the licensee isubmitting the exemption request or amendment should
consider the requirements of NUREG 1852. NRC has stated that exemption requests and
license amendmentS for- perator manual actions will be evaluated for feasibility and
reliability against the cfieria contained in NUREG 1852.

-•.y

Due to the similarity between operator manual actions and repairs from the operational
perspective, most of these criteria in this appendix apply to both. There are, however, a
small number of additional criteria applied only to repairs. These additional criteria for
repairs only are identified as such below.

Criteria Applicable to Both Operator Manual Actions and Repairs

NOTE: The generic term "actions" is used below, in order to refer to operator manual actions
and Repairs collectively, without creating cumbersome language. If the specific term
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Operator Manual Action or Repair is used below, it is used intentionally to show some
specific distinction.

There shall be sufficient time to travel to each action location and perform the
action. Actions should be verified and validated by plant walkdowns using the
current procedure. The action must be capable of being identified and performed
in the time required to support the associated shutdown function(s) such that an
unrecoverable condition does not occur. Previous action locations should be
considered when sequential actions are required.

Fire tests indicate that spurious actuations do not typically occur for 30 minutes or
more, especially for thermoset cable, allowing for additlinal action time. For
example, actions to lock out charging pumps prior to pump itart or close PORV
block valves prior to PORV opening may beconsiideired feasible. In the later case,
closing the block valve may not prevent •the•ere-opening of the block valve due to
spurious operation.

There shall be a sufficient number of plant st'Wffaialable to performi all of the
required actions in the times required, based onil te minimum shift staffing. The
use of personnel to perform actions should not interfere with any collateral fire
brigade or control room duties ,they may need to performi as a result of the fire.
Administrative controls shall exist to cisure that the,.9personnel necessary to
perform actions are available when requiird, ind that' unexpected absences are
promptly corrected.• If staff augmentation"ji hsistent with the licensee's
Emergency Plan'Implementing Procedures is credited, then the licensee must
demonstrate that un-recoverable conditions would not occur in the time period
before staff aiugmentatioIn• is achieved. .

" The action location shall be acsible. In evaluating actions and the route
,throughthe plant for peilrforming any actions, consideration should be given to the
potential effects• of Leniperature, humidity, radiation levels, smoke, and toxic
agases. Actions required in a fire area experiencing a fire, or that require travel

•through a fire area experienccing a fire, may be credited if it is demonstrated that
theseactions are iot required until the fire has been sufficiently extinguished to
allow completion of necessary actions in the fire area. In addition, if the action
required! is to be 'performed in the fire area experiencing the fire, it must be
assured tlaiýfire damage within the fire area does not prevent completion of the
action. NOTE: NUREG-0737 II.B.2 addresses dose limitations for operators
performing emergency response actions. Specifies that GDC 19 applies' to
operator actions post accident, i.e., 5 rem whole body (or it's equivalent to any
part of the body) for the duration of the accident.

" The action locations and the access and egress path for the actions shall be lit with
8-hour battery-backed emergency lighting. Tasks that are not required until after
8 hours do not require emergency lights as there is time to establish temporary
lighting. The path to and from actions required at remote buildings (such as pump
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house structures) does not require outdoor battery backed lights, if other lighting
provisions are available (portable lights, security lighting, etc.).

There should be indication, which is unaffected by the postulated fire, that
confirms that an action is necessary and that the action, once completed, has
achieved its objective. This indication is not required to be a direct reading
instrument and may be a system change (level, pressure, flow, amps, temperature,
etc.). Additional instrumentation may be needed to properly assess spurious
operation, however it may not be necessary to make a diagnosis of the specific
spurious operation that occurred, if symptom-based plant procedures provide the
appropriate guidance to respond to the situation. If pre-emptive actions will be
taken to preclude spurious actuations, then event-based procedures should be
provided for the situation. 4 1

" Administrative controls shall be provided to ensure that any tools, equipment or
keys required for the action shall be functional, available, and accessible. This
includes consideration of self-contained breathing- apparatus (SCBA) and
personnel protective equipment, if required This also includes the availability of
ladders or special equipment, if these items are required for access.

" There shall be provisions for communications to allowX, coordination of actions
with the main control room or the alteimati•ie shutdowfiifacility, if required. The
nature of the action, and the need for cooýrdiratlon %ith other related actions or the
control room should be considered whenc determining what type of
communication is required.

" Guidance (e.g.. procedures, pre-fire plJn. etc.) should be provided to alert the
operator as to wnen alctlns, may be reqMired in response to potential fire damage.
Th~isl ace shall be• p[roevided in locations that will be accessible during and
after.the fre. The. guidance may be prescriptive or symptomatic. Specific event-
based procedures are required for activities not addressed in existing operating

i< •:procedures (normal, abnormal, emergency) for actions and repairs as a result of
•fire-induced failures that cannot be readily diagnosed using fire protected
information to the operator. The "skill of the craft" should be considered when
determining the level of procedural guidance to provide. Typically, plant
operators h•uld be capable of performing actions without detailed instructions.
Detailed instructions should be readily available, if required. Guidance should
likewise beprovided to the operator as to when to perform repairs in response to
potential fire damage. The guidance shall provide the level of detail required to
enable plant personnel to perform the task. Personnel shall be trained and
qualified, as appropriate, to perform the specified actions, in accordance with
INPO's Systematic Approach to Training.

" The complexity and number of operator manual actions required for safe
shutdown shall be limited, such that their successful accomplishment under
realistically severe conditions is ensured for a given fire scenario.
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Additional Criteria Specific to Repairs

N Repairs may only be used to achieve and maintain cold shutdown (not hot
shutdown).

E Hot shutdown must be capable of being maintained for the time required to
perform any necessary repairs to equipment or systems needed to transition to
and/or maintain cold shutdown.

0 Additional non-operating personnel (e.g. maintenance, instrument 'and control
technicians, electricians) may be relied upon to perforiiimTrepairs, provided their
availability is consistent with plant's Emergency Plan Implementing Procedures.

Other Types of Actions

When performing the post-fire safe shutdoni analysis, additional actions that are not
credited in the post-fire safe shutdown analysis mfiay be identified that have a positive
benefit to the safe shutdown scenario such as minimizing the shutdown transient or
reducing commercial property damage... Since these actions'are not specifically required
by the regulations or the safe shutdown! analysis, it is not necessary to provide 8-hour
emergency lighting or communication for •these actions. It Isl also not required to
specifically address the required timingfor theseatins. Similarly, operator manual
actions specified as precautionary or confirmatory' backup actions (prudent, but
unnecessary or redundant)IfOr a primary mitigating technique that are not credited in the
post-fire safe shutdown analysis do not require 8-hour emergency lights, communications
or timing consideratjons.

VII. Process for Assessing Whether an Operator Manual Action is Allowed Under the
Current Regulations

Backlround

In 2001 ridustry inspection activity led to regulatory interest in post-fire operator manual
actions. This led to a number of developments, including:

Proposed rulenmaking

Withdrawal of proposed rulemaking

Plans for resolution of the issue and associated enforcement discretion

Clarification on the scope of allowed/approved operator manual actions

NUREG-1852, which provides feasibility and reliability guidance for exemptions

A March 2006 NRC public meeting, related correspondence, and subsequent RIS 2006-
10 prowided information regarding. types of operator manual actions that would be
considered allowable under a licensee's fire protection licensing basis.
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A Frequently Asked Question (FAQ) 06-0012 was developed for plant's transitioning to
a new fire protection licensing basis based in accordance with 10 CFR 50.48(c) (NFPA
805). FAQ 06-0012 was developed in order to define which operator manual actions
were allowed/approved under a plant's current (pre-transition) fire protection licensing
basis, which would be either 10 CFR 50, Appendix R or in accordance with the plant-
specific fire protection license condition. Although FAQ 06-0012 was developed for
NFPA 805 transition, the process is directly applicable to licensees that are not
transitioning to NFPA 805.

Process for Evaluation of Operator Manual Actions

Figure E- 1 depicts this. general process for determining whtheffi'eaoperator manual action
is allowed under the current fire protection licensing ba.i... The 'bin, identifiers are for
ease of reference.

Figure E-1
Operator Manual Action - Review Process
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Operator manual actions that are allowed and/or have been previously reviewed and
approved by the NRC (as documented in an approved exemption/deviation/safety
evaluation report) meet current fire protection regulatory requirements. Examples of
allowed operator manual actions include:

Operator manual operation from the control room or emergency control station(s)
[Bin A]

Repairs or operator manual actions credited either for transitioning to or maintaining
cold shutdown equipment [Bin B]

Manual operation of normally operated manual switches and valves where
separation/protection is provided for redundant safe-Shutdown trains in
accordance with Section III.G. 1 or III.G.2 of 10 CFR 50, Appendix R (or
applicable sections of NUREG-0800) [Bin C] '

NRC Letter to NEI dated May 16, 2002 states: "With proper analysis, manual actions
are allowed for fire safe shutdown activities under the following circilstances:

manual operation of normally operated manual switches and valves"

Operator manual actions credited for compliance wyith'Section III.G.3 of 10 CFR 50,
Appendix R (or Section C.5.c of NUREG-0800). [Bin D]

NRC Letter to NEI dated May 16,, 2002 states: "With proper analysis, manual actions
are allowed for fire safe shutdoWni activities under the folIowing circumstances:

manual operation of equipment used to meet the lrequirements of Section III.G.3 for
Alternative or Dedicated Shutdowniof Appendix Rto010 CFR Part 50, where
meeting performance-criteria of Section III.L is required"

RIS 2006-10 states: "Paragraph III.G.2 allows the licensee to use the alternative
shutdown method described in paragraph II.G.3 of Appendix R if the licensee
cannot meet the re(Iteffeients of paragraph III.G.2."

Operation of fire affecteequIpmentf6fo fire areas that meet the separation
<requirements of Section III.G.1of 10 CFR 50, Appendix R (or applicable sections

, of NUREG-0800). See Fire E-2. [Bin E]

NRC Letter to NEI dated May 16, 2002 states: "With proper analysis, manual actions
are~allowed for fire safe shutdown activities under the following circumstances:

operation of equipment for which cables are located in fire areas that meet Section
III.G. I of Appendix R to 10 CFR Part 50, by having redundant cables and
equipment i a completely different fire area"

Operation of fire affected equipment for fire areas that meet the protection
requirements of Section III.G.2 of 10 CFR 50, Appendix R (or applicable sections
of NUREG-0800) for redundant trains. See Figure E-3. [Bin E]

RIS 2006-10 states: "As discussed during a March 1, 2006, public meeting, if one of
the redundant trains in the same fire area is free of fire damage by one of the
specified means in paragraph III.G.2, then the use of operator manual actions, or
other means necessary, to mitigate fire-induced operation or maloperation to the
second train may be considered in accordance with the licensee's fire protection
program and license condition since paragraph III.G.2 has been satisfied."
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Operator manual actions to address spurious operations that affect the credited safe
shutdown success path may or may not be allowed, depending upon the affect of
the fire on the safe shutdown components. [Bin G]

A special case of "fire affected train" exists where two redundant trains have
components/cables in a given fire area, and both trains take suction from a
common tank. In this case, a manual action would be allowed to secure the fire
affected train, since the credited train is protected (meets III.G.2 requirements)
even though the manual action would need to be accomplished before the
common tank level decreased to the point where operation of the credited train
would be affected. This is acceptable since the common point in the system is the
tank, which is still free of fire damage (Figure E-4).J his example was discussed
in the June 9, 2006 public meeting. (ML06198001:6)V ,' -

An example where operator manual action to address spurious actuations that affect
the credited safe shutdown success path would not be allowed is the case where
the credited function is to inject water to one of the Steam Generators (reactor)
and a spurious actuation causes a diversion from the credited flow path. Lven
though the minimum required injection flow can be maintained and the operator
manual action can be accomplished prior to the.function being disabled, the
operator manual action is not allowed since the credited train is not free of fire
damage (the diversion of floydhuiist be terminated at some point or the credited
safe shutdown path will not be successful). (Figure E-5). An example of this
configuration is BWR example 3 of theJiune 9, 2006 public meeting
(ML061980016). This clarification of the, crdited train not being free of fire
damage' was provid.d by the NRC on September 20, 2007. (ML072820168)

In addition to allowed operator manual actions some manual actions may have been
previously reviecd and approved by the NRC [Bin F] (as documented in an approved
exemptions/deviationis/safety evaluation reports).

In some instances the NRC may have rev~iewed and approved [Bin F] an operator manual
action In an SER without granting an exemption/deviation request.

\ RIS 2006-10 states: "For pre-1979 licensees, a staff decision in a safety
evaluation report(SER) that approves the use of operator manual actions, in lieu
of one of the means specified in paragraph III.G.2, does not eliminate the need for
an kexeption. Pre-1979 licensees who have SERs, but not a corresponding
exempti•n, which approve manual actions should request an exemption under 10
CFR Part 50:.12, citing the special circumstances of section 50.12(a)(2)(ii), citing
the SER as the safety basis, and confirming that the safety basis established in the
SER remains valid. The staff expects to grant the exemption on these bases
without further review."

Pre-1979 licensees who have SERs, but not a corresponding exemption, which
approves operator manual actions, should verify that the basis for acceptability in
the SER is still valid. If the basis for acceptability is still valid, then no additional
regulatory action is required.
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RIS 2006-10 states: "Since plants licensed to operate on or after January 1, 1979
(post-1979 licensees), are not required to meet the requirements of paragraph
III.G.2, a staff decision in an SER that approves the use of manual operator
actions does not require exemption under 10 CFR 50.12. Post-1979 licensees
may be requested to demonstrate, as part of the NRC Reactor Oversight Process,
that the use of an operator manual action would not adversely affect the ability to
achieve and maintain safe shutdown in the event of a fire consistent with their
license."

Operator manual actions that are not allowed or have not been previously reviewed and
approved by the NRC should be addressed via the appropriate regulatory process, if
intended to be relied upon as a long term strategy (e.g.,. exemption request, license
amendment request, etc.). Examples of operator manual actions that are not allowed are
provided in summary of the June 9, 2006 •Pubicbli Meeting (ML0061950327,
ML061980016)

7,Y
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Figure E-2
Allowed Operator Manual Action in Fire Area Meeting

10 CFR 50, Appendix R,

Fire Area A andB meet the separation criteria of 10 CFR 50 Appendix R Section III.G.1
•Apostulated fire inFire Area Aco6uld result in the spurious starting of the Train A pump,
which can be mitigated by an operatormanual action to de-energize the Train A Power

Su, pply to stop Pump A.
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Figure E-3
Allowed Operator Manual Action in Fire Area Meeting

10 CFR 50, Appendix R,

3 - hour Rated
Raceway Fire
Barrier

Train A Train B-
Pump Pump

Train B Pcwer

Train A Power Cabl. .

CableTn Control Train B Contr
Cable

Power Supply Power Supply

Fire Area A Fire Area B

Fire Area B meets the separation criteria of 10 CFR 50 Appendix R Section II.G
A postulated fire in Fire Area A could result in the spurious starting of the nor

credited Train A pump, which can be mitigated by an operator manual action to
energize the Train A Power Supply to stop Pump A. This is functionally equivale

Case in Figure E-2.

L2.a

de-
nt to
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Figure E-4
Allowed Operator Manual Action - In Credited Success

Path - Common Tank Suction

Common
Tank Pumps 1A & 2A draw from a common tank.

Pump 1A is the creditedlflowpath. Spurious
operation of Pump 2A could result in a loss of
pump inventory. he operator manual action

to isolate the diversion flowpath would be
allowed if the action could be accomplished,-

before the tank volume goes below the
required amount for the Pump 1A flowpath.

Credited Flowpath

Diversion Flowpath Pump

...... NO ,•3313 00000M
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Figure E-5
Operator Manual Action - In Credited Success Path -
Auxiliary Feedwater Flow Diversion [not allowed per

NRC Ref. ML0728201681

Credited Flowpath

rF - - - - -

_I

To SG B
#1 AFW PP

LD i F
Diversqion Flowpath

•AFW, Pimp #1 is credited for feeding SG A.
Spuiious operation of valves to SG B can

divert flow from SG.A. The operator manual
action to isolate the diversion flowpath would
not be allowed per NRC Ref. ML072820168.
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APPENDIX F

SUPPLEMENTAL SELECTION GUIDANCE (DISCRETIONARY)

F-i INTRODUCTION

This appendix is be used to supplement the information in Section 4 in support of the
plant specific review of the Generic List of MSO in Appendix 6 to supplement the list of
MSOs to be reviewed on a Plant Unique basis.

F-2 P&ID OR LOGIC DIAGRAM REVIEW

The first step is to select target components/combinations that could impact safe
shutdown. This first step limits consideration to combinations of .ultiple spurious
actuation evaluations whose maloperation could result in oss of a key safety function, or
immediate, direct, and unrecoverable consequences comparable to high/low pressure
interface failures. These consequences are noted hereafter as "unacceptable
consequences." Potential criculftfailures affecting these safe shutdown target
components may have been considecre in previous circuit analyses, but perhaps not for
IN 92-18 or multiple spurious actuation conccrns. .

A system engineer ;can !identify componeni combinations that can result in a loss of
system safety function or, immediate iand unrecoverable consequences. Then, an
electrical or s;sa:fe shutdowh engineer can identify areas where these component
combinations have cpower. control, or instrument cables routed in the same fire area.

Theoe1)oet combinations can be performed with P&IDs or safe shutdown
logk hdiagrainf.avaýie) or both. The review should focus in on "pinch points"
where the system function or safe shutdown (SSD) function would be failed. Failure of
the entire SSD function is not nýcessary for identification of component combinations but
would be a limiting case assumming all identified components can fail with the same fire.
Component combination~s that do not fail the entire SSD function can be as important as
combinations failing the entire function, especially if there is only a single component or
manual/operator action remaining for the SSD function, or if the remaining SSD
equipment ispotentially unreliable. Some internal events PRA input may be helpful for
determining potentially unreliable equipment or manual/operator actions.

The results of the P&ID or logic diagram review would be a list of potentially important
component combinations to be treated with the NEI 00-01 methodology. Since the
internal events PRA scope and fire protection SSD scope are different, the SSD review
may provide potential combinations that have not been included in the internal events
PRA. Also, it is possible for this review of the P&ID to identify component
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combinations not identified by SSD analysis (because it requires multiple spurious
operations) or internal events PRA (because of a high level of redundancy). The final list
of identified component combinations should be combined with any internal events PRA
combinations (from the PRA review below) for a final list for analysis.

F.3 PRA REVIEW

The internal events PRA can be used to determine potentially important component
combinations through either cutset review or through modelreanalysis. These are both
described below. Note that a PRA review may identify combinations which include
equipment not included in the Fire Protection Safe Shutdown list. The important
components identified -in the pilot applications, were'alrea n the Safe Shutdown
Equipment List, but the internal events PRA scop iricludes additioml equipment that is
not in this list.

F.3.1 Cutset or Sequence Review

The plant analyst may review cutsets or sequence results (in this discussion, this is
simplified to "cutsets") with high contributions to core damage frequency, including
common cause failtures that include :ombinations with unacceptable consequences as
noted above. The se' cc tsets will generally contain few terms, have a significant
contribution to( core damage frequency, and include one or more basic events that can be
affected by fire, ither through direct damage, or through spurious operation. Cutsets
reviewed should include cutsets sorted by probability, and cutsets sorted by order (from
least number of events in the cUtset•to most). Review of the cutsets would identify
combinationis where one or more components may spuriously operate, and whose
spurious operation may be significant. The pilot project showed the spurious operation
components are typically not in the top cutsets, since random (non fire-induced) spurious
operation is typically a low probability event. It may be helpful to manipulate the cutsets
using a cutset editori by setting the basic event probabilities associated with spurious
operation events to 1.!0, and re-sorting the cutsets 30. For example, by setting all of the
motor-operated valve (MOV) spurious operation events to 1.0 and re-sorting, the top
cutsets may now include potentially important component combinations for MOV cables.

Generally, the significance of each combination cannot be determined from a cutset
review. However, the relative significance of one combination versus another can be
performed when the cutsets include similar equipment. For example, when two similar
cutsets; one with two spurious operations required and one with the same two and one

30 If the licensee has a full internal events PRA model, re-running with spurious failures set to a high screening value

(>0.1) could recover cutsets truncated in the internal events PRA that could contribute non-negligibly to the core

damage frequency due to fire.
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additional spurious operation required are compared, the latter combination is probably
less important. This type of comparison would require review of the other events in the
cutsets, and the fire characteristics for the event causing equipment damage.

On'e additional consideration is that the cutset review does not need to include review of
cutsets for initiating events that cannot be fire induced. For example, cutsets for steam
generator tube rupture or large LOCA need not be reviewed. Typically, the review can
be performed on turbine/reactor trip cutsets, loss of offsite power cutsets, and induced
small LOCA cutsets. Similarly, cutsets requiring failurc (If' components in both
redundant trains can be dismissed as long as it can be assured that one redundant train's
component is protected in each fire area. A review of ithe plant's fire Individual plant
Examination of External Events (IPEEE) can determnine whatinitiating events can result
from a fire.

F.3.2 PRA Model Manipulation

If a logic model of the plant core damage sequences including all possible fire events is
available, this model can be exercised/manipultted toidentify component combinations
of interest to risk significance evaluation described in Section 5 of this document.

The level and amount of model manipulation can range from a single re-solution of the
model, to many re-solutions following nmoderin gchanges. The analysis discussed below
is based on the limited analysis used 'in support ofiIthe pilot application of NEI-00-01,
with discussion of additional runs considered during the pilot.

A basic analysis,,that can provide significant results is solution of the internal events PRA
model with all basid&events set to 1.0 (True) that can potentially spuriously operate
followinggmajor Ifire. The McGuire pilot performed this analysis by also setting the
transient andloss of offsite power initiating events to 1.0. The types of components and
PRA basic events that slhould be set to 1.0 in the model include:

" MOV spuriousl)y open or close
0 AOV spuriously open or close
" PORV spuriously,>oen or close
" Spurious actuatio. of automatic actuation signals

The cutsets or sequence results can be reviewed to identify component combinations that
are potentially significant. Review of the results will show patterns of cutsets that can be
grouped or combined. For example, a cutset with a PORV spuriously operating and
charging injection failures could. repeat hundreds of times with both PORVs combined
with the multiple combinations failing injection and the random failures not set to 1.0 in
the model. These hundreds of cutsets can be grouped into limiting combinations based
on order (less spurious operations leading to core damage) and/or likelihood (less random
failures leading to core damage). Initial review of the cutsets should also look for other
component basic events that could occur due to spurious operation following a fire. If
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additional basic events are identified, additional model solutions may be necessary prior
to selection of the component combinations to be analyzed.

If the PRA model includes some fire PRA sequences, additional runs with the fire PRA
initiating events set to 1.0 should be performed. In this case, the PRA results would
identify component combinations important for particular fire areas (or fire areas with
similar characteristics).

If the PRA model does not include any fire PRA sequences, inodel manipulation can be
performed to simulate fire PRA results. For example, in the McGuire pilot analysis,
additional internal events PRA runs were performed wherethe 4160 VAC switchgear
was failed. This included two PRA runs, one with A train 4160 VAC failed, and one
with B train failed. These runs simulated a 'switchgear fire, •but also provided
representative runs important if opposite train components were locaited in the same area.
For example, cutset were identified where A train cooling water failed Lue to the A train
4160 VAC failure, and B train cooling water failed due to spurious operation. This
sequence could be potentially important if the cables causing the B train failure were
located in an A train fire area. The B train failure (in this example) could be as a result of
a diversion due to an A train valve spuriously opening.

Additional PRA runs can be performed based on the IPEEEB[. results. The IPEEE can
provide a list of important fire areasand the equipment that potentially fails due to a fire
in these areas. By setting the component basic events to 1.0 for a selected fire area, and
also setting our list 'of spurious opeiaaion componients to 1.0, a list of potentially
important component combinations can be developed for the selected fire areas. This
type of analysis 'was not performed for the pilots, other than the fire sequences already
included in the PRA modei l.

F.3.3 Analysis of the New PRA Sequences'

.,Some important fire-Induccdtaccident sequences of interest involving spurious operation
may have been screened from&the internal events and Fire PRAs. New scenarios or
accident sequences nrit previously considered may result from Fire-Induced damage or as
a res'ultof operator actions taken in response of a fire. For example, manual action to
close a P\ORV or PORV block valve in response to spurious operation concerns would
result in the Pressurizer Safety Valve (PSV) being challenged following a pressure
increase. Spurious injection could also challenge the PSV, and if water relief were to
occur, it is likely the PSV would stick open. A stuck open PSV is generally considered a
low probability event in an internal events PRA, but may show up as significant in a Fire
PRA. Scenarios involving Steam Generator overfeed may not be considered important
for an internal events PRA, but may be important for sequences involving control room
evacuation where a turbine driven pump is the credited safe shutdown equipment.

Performing a Fire PRA update in order to develop possible multiple spurious
combinations would not be an efficient method for developing a complete list of
combinations. However, if a Fire PRA were being updated, either the scenario
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development process or PSA cutset results could provide insight to developing a
complete list. The scenario development, including the development of new event trees
or accident sequences, could provide a useful input to the SSA analyst.

NUREG/CR-6850 (EPRI TR-1011989) methods for consideration for MSOs includes the
following additions to the PRA in step 2.5. 1:

* Sequence Considerations that were screened out of the Internal Events PRA may
become relevant to the Fire PRA and need to be implementeJ in the Fire PRA model.
For example, spurious safety injection is often screened :out from the Internal Events
PRA and yet may be important for fires that could causeboth the spurious injection
and damage to one or more pressurizer PRA such that the pressurizer SRVs are
challenged These SR Vs could subsequently stick-open causing a complicating LOCA
accident sequence. A review should be conducted fr such scenarios originally
eliminatedfrom the Internal Events PRA to determine f the analysi&7nids to add
components to the Fire PRA Component List as well as model those components (and

failure modes) in new sequences in the Fire PR.IA Mdl•/o, /

* Particularly when considering the possible effecits f spurious operation, new
accident sequences and associated components of interest may be identified that
should be addressed in the Fire PRA and go beyond considerations in the Internal
Events PRA. Typically, these new sequences arise as a result of spurious events that.

o Cause a LOCA: e.g., POR V opening, reactor coolingpump seal failure,

o Advs •• ffect plant pressure control. e.g., vessel or steam generator
A vill that if unmitigated couddsubsequently fail credited safe shutdown

eqCiknment isch as a turbine-dtrivenfeedwater or auxiliary feedwater

puImps, or'

o Introhduce other "new" scenarios that may not be addressed in the
Internal Events PRA.

These fundamental steps for performing a baseline PRA review (for possible scope
increases~)•cn also be performed in support ,of a review for new MSO scenarios.
Additional gtidanccis,, given in NUREG/CR-6850 in the following sections:

* Fire-inducedin itiating events, including those not modeled in the Level I PRA
(2.5.3)

* Equipment with the potential for spurious actuation for tailing Safe Shutdown
Equipment (2.5.4), including new accident sequences not previously modeled.

* Additional Mitigating, Instrumentation and Diagnostic equipment important to
Human Response (2.5.5).
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One of the key areas of screened sequences from the internal events PRA is the modeling
of Interfacing Systems LOCA (ISLOCA) accident sequences. The internal events
screening criteria for ISLOCA pathways would screen flow paths with 3 normally closed
MOVs due to the low random failure rate of an MOV to remain closed. However, the
fire-induced failure rate of an MOV spurious operation is significantly higher, and the
screened scenario may need to be considered in the plant specific MSO list, given the
scenario is possible (if one or more of the MOVs have power removed, then the cable.
criteria considerations in Appendix H would indicate the MSO i'snot likely).

In reviewing the Internal Events PRA for screened (or eve:n cormbined) initiating events,
the following should be considered:

1) The Initiating Event is more likely than the internal events PRA estimate (i.e.,
pressurizer heaters fail on).

2) The resulting Consequences can be worse ••.e. loss ofHVAC coincident with a fire).

3) The Fire introduces new accident sequences not considered in the Internal Events
PRA (i.e., spurious injection with PORVs closed, result in water relieve from the
SRVs).

During the review of the PRA scope for possible new MSOs, the plant and operator

response to a fire should be understood. In particular• i the plant procedures direct the
operator to turn off power to a train of SSE, isolate a train or function, or otherwise
disable equipment, then this should be accounted for in the review. In this regard;

*. Credit for plant procedures to mitigate an MSO should not be used during the MSO
scenario identification step, but shouldcbe used is the disposition of the MSO in the
SSA. >~

* Negative effects of plant procedures (operator actions) should be considered when
determining if a• inew MSO scenario should be considered.

These assumptions for the PRA input to the MSO list are conservative, but will result in a
more comiplete list of MSOs for consideration.

The output of theabove review can be used as either an input to a Fire PRA, or as
consideration f.. additional MSOs to be identified by the Expert Panel. See the
information below for additional information on this topic.

F.4 EXPERT PANEL REVIEW
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F.4.1 Expert Panel Review

The expert panel process described herein supplements the information provided in Section 4.

The team for an expert panel review includes operations, engineering, electrical, PRA, and
others. This process involves four phases:

* Phase 1: Preparation, including an initial list of potential accident sequences

* Phase 2: Training of the expert panel on Safe Shutdown Analysis and Multiple
Spurious Operation

• Phase 3: Performance of the Expert Panel Re view 1 W

" Phase 4: SSA review of the Expert Paniel Reults

The preparation would involve developing a list of scenarios to cohsider for review, including
input from the PRA as described above, and the potential list of scenarios from NEI-04-06, if
performed. Training will be required for participants not familiar with both the SSA process and
issues related to multiple spurious. The scope of the original SSA should also be discussed.
The Expert Panel Review involves group wat-] f'discussions of both genieral and specific
scenarios that may occur. Documentation ofbott issues and non-issues, and the reason they
were either, was important. For example, if a possible scenario was considered not possible due
to power being removed from a valve, then this is documented. This documentation can be
carried over into the SSA. The expert panel process also involves a P&ID review of each system
credited in the SSA, including discussions of hoA the flow path would change for each type of
Fire Area (redundant and alternate shutdown).

The expert panel process can be run in a number of ways. A typical expert panel process
involves a structured team review,, of systems and functions using a P&ID review. The P&ID
review progresses through eaclh P&ID by having the group review each possible flow path and
considerthe possibility and effect of a fire-induced MSO for that flow path. This consideration
includes:

a)f ConsideratIon of an MSO resulting in failure of the primary flow path or
functio nl.

b) Consideration of an MSO that combines the failure of the flow path being
considered in combination with other possible spurious operation to fail the
primary flow path or function.

The first example would occur if two or more valves spuriously open, resulting in a diversion
and failure of the credited train. The second example could occur given spurious closure of an
RCP seal-cooling valve, and a simultaneous spurious closure of a seal injection valve, resulting
in a possible RCP seal LOCA.
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The expert panel review can also be performed using a review of flow diagrams, PRA events
trees, Safe Shutdown Logic Diagrams, or similar logic structure. The general process for review
of each is similar, although the methods for discussion may differ, given the variation in the
information being presented to the expert panel.

Key to the expert panel process is the diverse review of Safe Shutdown Functions. This diverse
review is performed by an expert panel comprised of experienced personnel in the major aspects
of plant operation and fire safe shutdown. The expert panel should include the following
expertise:

* Fire Protection
* Fire Safe Shutdown Analysis: This expert should be familiar with the SSA input to

the expert panel and with the SSA documentation for existing spuriOUS operations.
* PRA: This expert should be familiar with the P-RA input to the expert panel.
* Operations
* System Engineering
* Electrical Circuits

Additional experts may be needed, depending on the system interactions that are discussed. For
example, water relief from a safety valve m'iay require expertise iw relief valve. Additionally, a
single individual may provide expertise in multiple areas, such as Fi-c Protection and Fire Safe
Shutdown Analysis.

The expert panel will review aniid 'discuss one Safe Shutdown, Function at a time. For that Safe
Shutdown Function, the panel will identify possible failure mechanisms that can result from
spurious operation or a combination of spurious operation and direct fire damage. Using various
tools, identify "Choke Points"i that could defeat safe shutdown through the previously identified
failure mechanisms:

Flow Diagrams .
Safe Shutdown Logic Diagranis
* PRA Event Trees,

SPRPAResults or Sensitivity Analysis

The panel will buit ldthese "Choke Points" into fire scenarios to be investigated. The scenario
descriptions that resultslshould include the identification of specific components whose failure or
spurious operation would result in a loss of a safe shutdown function or lead to core damage.

Training is performed prior to the beginning of the expert panel. This training should include:

a. Purpose and scope of the SSA
b. PRA overview and results
c. Overview training on the MSO issue, including

i. Appendix G to this document
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ii. Background on Fire-Induced Multiple Spurious
iii. Types of circuit failures that can occur, including shorts to ground that

can cause spurious component operation.
iv. Results of the Fire Testing (EPRI/NEI Testing), including:

1. Likelihood of various spurious operation probabilities.
2. Timing including the likelihood that failures will occur close in

time, and issues affecting time to damage.
3. Duration

The Expert Panel will then systematically review the systems (P&IDs, etc) affecting safe
shutdown and the core, for the following Safe Shutdown Functions"

o Reactivity Control
o Decay Heat Removal
o Reactor Coolant

" Inventory Control
" Pressure Control

o Process Monitoring
o Support Functions ,

Safe Shutdown Failure Mechanisms to be consi•drcd are discussed in Appendix B. These
mechanisms are supplemented with input from:

o The PRA•Result, and sensivity

o Additional scenarios as previously identified in the corrective action program,
inspections, or other identification methods (i.e., previously identified issues).

The expert panel should maike ai c6toinrvat ie detefmination of the impact and likelihood of the
scenario. This deteLrinatnion should be documented for each scenario, with specific information
on each •scenario being provided. Where needed, the expert panel should identify where
additouail information is •eeded to justify a disposition. For example, if a diversion flow path is
considered too small to affec tflow in ahmain flow path but some additional calculations are
needed to justihf the opinion, then the additional calculations should be noted. These open items
should be closedprior to completion of the expert panel report.

The expert panel will likely have to meet several times to initially disposition all possible
systems and flow paths potentially affecting plant safe shutdown. Additional follow-up meetings
may be needed, if open items are found to not support the initial disposition of the expert panel.
If, for example, the small diversion flow path discussed above does result in a significant
diversion where the main flow path does not provide sufficient flow to fulfill its function, the
expert panel would need to meet again on this issue.

A report of the expert panel findings should be developed. This report should be treated as a
living calculation, and updated if any new information is developed or if any additional multiple
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spurious scenarios require disposition. The expert panel report should identify a list of scenarios
that need to be addressed by the safe shutdown analysis.

One of the lessons learned from the initial expert panels performed was that all scenarios
considered, including those considered low likelihood or scenarios that would not go to core
damage, should be documented. Additionally, the reason the scenario was not added to the plant
specific MSO list should be documented in the report. Any supporting or supplemental analysis
should be either added to the report or referenced.

F.5 SELECTION OF POTENTIALLY IMPORTANT COMPONENT
COMBINATIONS

Based on the results, performance of some or all of the types of analysis di'icfussed above will
provide hundreds of thousands of possible component combimations for review. Anaiilysis of all
these combinations is not possible. The PRA output provides the largest number of possible
combinations. These combinations can be screened in the expert panel or self assessment
process to reduce the scenarios to those that can actually occur and those of potential
significance. The final selection of component combinations for analysis needs to account for
Various factors affecting the final expected risk for the combinationis.including:

" Expected spurious operation probability, Includinp lgihecombined frequency for
multiple components. For example, it ~can easily be shown that three or more
spurious operations for armored cable (with fused armnor) components would most
likely be unimportant, sjince the probability of spurious operation alone is on the order
of IE-06.

" Conditional core damage probability listed in the cutsets

" Additional factors not in the cutsets affecting the core damage probability, including
both positive factors where idditional equipment may be available and negative
fýctors such as hunian actions that may be less reliable following a fire

" Expected fire frequencies (i.e., combinations in high fire frequency areas may be
more important than those in low fire frequency areas).

These and other factors should be used by the analysts in determining the potentially
- important component combinations for review, and the number of combinations that need

to be evaluated for risk significance. Combining the PRA-identified combinations with
the P&ID or logic diagram review should provide a comprehensive list of potentially
important component combinations that should be added to the Generic List of MSOs
from Appendix G.
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Appendix G

Generic Lisi of MSOs

The attached tables provide examples of BWR and PWR MSO scenarios to be included in the
generic MSO lists. Presently, these lists are in development and trial, and when published, should
provide a comprehensive list of MSOs for consideration for each reactortype.

....... •% i;!,•
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