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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 analy5|s, fire protection program self
assessments, NRC |nspect|ons and PRA results.

s 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 usé an expert panel to review the generic MSO list and add or delete to it as
appropriate to make the MSO list plant specific.- All the reviews to this pomt 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 speuf‘ ¢ MSO
is not significant

= The basis for acceptance will be documented.

s Appropriéte 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 muitiple
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 NFFA 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 MSQ, the effect may be to increase the overall risk for the plant.
o If plant modificatioris 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;

am@nei.org) or Jim Riley (202-739-8137; jhr@nei.org).

Sincerely,
Alexander Marion
Enclosures

o Mr. James E. Dyer, U.S. Nuclear Regulatory Commission
Mr. Alexander R. Klein, U.S. Nuclear Regulatory Commission
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EXECUTIVE SUMMARY

NEI 00-01 was developed to provide a deterministic methodology for performing post-fire safe
shutdown analysis. In addition, NEI 00-01 includes information on risk-informed methods 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 descﬁ%% .
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 ge'fi lly reflected in the plant’s
licensing basis. In Revision 1 these deterministic metho ised to address insights
gained from EPRI/NEI circuit failure testing and reﬂecteﬁg%l , R[S:2004-03. While these
insights do not change a plant’s licensing basis, they’ reﬂect the NRE:issznew emphasis on
considering potential safety implications of MSOs. ThlS emphas1s on MSOs:became apparent as
the NRC revised their inspection guidance to resutie.the 1nspect10n of circuits‘y January 2005.
The methods presented in Revision 1 were intended: to support llcensees prepanng for the
resumed NRC circuit failure inspections.

In Revision 2 changes are being made to'document the Reso\l:ution Methodology presented by the
Industry to the NRC Staff for resolving t MSO Issue subsequent to the rejection of the Staff’s
generic letter on MSOs by the Commission, The. methodology 1n ‘Revision 2 reflects insights

gained from, not only the EPRI/NEI Cable Frlre Testmg, but also the CAROLFIRE Cable Fire

methodology for a focused-scope Fire PRA for
Eec1ﬁc MSOs ThlS method is 1ntended for application to

address the handh
alike

It 15 expected that plaﬁ‘%}s 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.

in Revision 0 of this
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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 1mplement existing fire protection
regulations. Such a document is needed to consistently apply ﬁthe%regulatory requirements
for post-fire safe shutdown analysis contained in 10 CFR 5 (Reference 6.4.1) and 10
CFR 50 Appendix R (Reference 6.4.3).

From the standpoint of deterministic safe shutdown: analysis, Generic Letter 86-10
(Reference 6.1.10) provided standardized answer ”:certam questions. related to specific
issues related to this topic. The answers p; Vlded however, did not comprehensively
address the entire subject matter. The lack of \»comprehenswe guldancé{@g _))f')?poé"t fire safe
' shutdown analysrs in comblnatron with the nu \erous vanatrons in the approach used by

st-fire safe shutdown analysis requirements
- The Boiling Water Reactor

is practices based on existing regulatory requirements
as adopted into NEI 00-01 with minor changes to

The purpose of this 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
o 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

‘ 1ndustry related to fire-induced circuit failures resulting in MSOs
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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#has“not traditionally been
included in plant circuit analysis methods to date, it is propriate to consider such
combinations in the light of the results of recent cable failun ing, both EPRI/NEI and
CAROLFIRE. The Resolution Methodology for MSOs incl in this document will
assist the licensee in determining whether potentxally risk-significant interactions could
impact safe shutdown, but this Resolutlon Methodology does ange the plant
licensing basis. ‘ & %, - :

The methods in this document do not require: the sys ematic reevaluation of a plant’s
post-fire safe shutdown circuit analysis. Such as<systematic re-evaluation is entirely a
licensee decision that may be based on NRC inspection findings, licensee self-assessment
results, or industry experience. Nelther do these methods take precedence over specific
requirements accepted by the NRC in‘a pla post-fire safe”shutdown analysis. The
deterministic methods in this document rely
plants. In addltlon i ‘

eg dles_ of whether they involve compllance with the

e R

Action to Address 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)
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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
CLBnotclear - ‘licensing basis changes
(using approved regulatory
processes)

- 1.2

As seen in the table above, NEI 00-01 concludes that the llcensees should address risk-
significant circuit failure issues regardless of whether the volve potential violations.
Issues that are both risk-insignificant and outside the licen ng basis should be treated in

accordance w1th current ROP guldehnes as 111ustr ted” c. table. Remaining low
‘addressed consistently

An example will illustrate the use of NEI 00-01.
conducts a self-evaluation using this document and
more than one 51mu1taneous spuno

the issue using the methods of NEI 00-0

Determination Process, or other plant-specifi
1ssue in the plant- Correctlve Action Progr :

incertain compl nce statusmto minimize this resource expendlture and still address

regulatory requ1rementst

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

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

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

In response to the first recommendation, the NRC staff developed Branch Technical
Position (BTP) Auxiliary Power Conversion Systems Branch (APCSB) 9.5-1, “Guidance
for Fire Protection for Nuclear Power Plants,” May 1, 1976;.and Appendix A to BTP
APCSB 9.5-1, “Guidelines for Fire Protection for Nuclear Power ‘Plants Docketed Prior
to July 1, 1976," August 23, 1976. The guidance in t ’”wdocuments focused on the
elements of fire protection defense-in-depth (DID): ( 1) pr on; (2) mitigation through
the use of detection and suppression (automatic and ‘manual);i(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 eithe BTP.APCSB 9.5-1 or« ppendix A to
BTP APCSB 9.5-1. The staff reviewed the fire protectlon programs for compliance with
the guidance. @

¢ 50 48) and Append R to 10“CFR Part 50 on November 19, 1980. The Appendix R
Regulatlon required ¢ mpllance with sections I11.G, 111.J, and II1.O for all plants licensed
to opera e:before January 1, 1979, and also required individual licensees to comply with
other lettered. sections, based on the status of their outstanding items under the BTP
review, as reflécted: by NRC correspondence to the individual licensees. Section I11.G.2
of Appendix eflected 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 I11.G, J] & O of
Appendix R. For these licensees, the sections of Appendix R apply to the plant as a
licensing commitment, rather than as a legal requirement imposed by the code of federal .
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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 dif] N

The plant design changes required for passive and a protection features and

ation Notices. These documents
he regulations, their views on
nd clarity of the requirements

likelihood of a large fire
shutdown 18 consxd%;%d t

Despite this, the conse 'uences of an event that damages plant equipment important to
safe shutdo n can be 51gniﬁcant The Browns Ferry fire resulted in damage to plant

~ unit was ult mately accomplished the event was of sufficient significance to warrant
major changes 1 in fire protection design features of a nuclear power plant. Appendix A to
this document pr0v1des 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 accomphshed by assuring the
following deterministic criteria are satisfied for a single fire in any plant fire area:

‘0 One safe shutdown path required to achieve a

iintain hot shutdown is free
of fire damage

o Repairs to systems and equipment! (requlredﬁ to achieve and mamtam cold
shutdown can be accomplished w1th1n the required time frame:

quiréments and interpretations
tion, and-assures that these criteria are

Usmg this methodology to perform post-fire safe shutdown analysis will meet deterministic
regulatory requlrements and provide an acceptable level of safety resulting in a safe plant
design. It is czgggswtent 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: A e term “MSOs” will be
used throughout this document to denote one or._mo fire-induced component.
failures due to fire-induced circuit failures, 1nclud1ﬁg,;but not limited to spurious
operations resulting from hot shorts.] T ution Methodology for
addressing MSOs is contained in Chapter 4,

1.3.2 Deterministic Method

When using the deterministic méthy
requirements, a basic assumption of

k-
%ﬁtﬁegulatory

combustibles in the area, the
the lack of an ignition so
suppression and detection capablht
and equipment ki
most plant fire a

e MSO issue, consideration is given to the MSO List in Appendix G
it 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 rogi cooling systems for the 72-
hour fire coping period. : ‘

tdown analysis is
» Secttons 1.3.2.1

The methodology for performing determmlst; post- ﬁre'sa
depicted in Figure 1-1. The specific steps are summarize
through 1.3.2.6, and discussed in dqp 1

&

s that a single fire in any single
_ plant fire area will not resilt,in any fuel clad damage, rupture of the primary
g tainment.  This goal is

rtant to safely shutting down
#capability to perform these ’
ire in any plant fire area. The

accomplished by determmmg those
the reactor and assuring thatk sys 1

¢ age in the safe shutdown systems being used to accomplish the decay
heat rémoval 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
07390 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

NEI 00-01 Process Flow Chart

v

NRC inspection findings, NEI 99-05/03-00/04-06 self-
assessment question responses, or unresolved issues

Deterministic Method

Identify systerhs needed for post-fire

Corrective Action
(See Sect 4.4)

safe shutdown
(See Sect 3.1, Fig 3-1)

rormTy-CroTmoerrrowy affecting
—{ the circuit' or comgonent combination
of concern

(See Sect 4.1)

v

A

identify equipment needed for safe
shutdown systems to perform
Appendix R function

Preliminary Screening
(See Sect 4.2)

(See Sect 3.2, Fia 3-2)

Identify circuits required for the
operation or whose failure may cause

Risk Significance Screening

(See Sect 4.3)

spurious actuation of safe shutdown
equipment
(See Sect. 3.3, Fig. 3-3)

y

Uncertainty/sensitivity analysis

(See Sect 4.3)

Locate cables and equipment and
determine impact to Required Safe’
Shutdown Path
(See Sect. 3.4, Fig. 3-4)

SM/DID Satisfied
(Prelim Screen)

Develop mitigation/resolution
strategies
(See Sect 3.4, Fig. 3-5 Step 6)

Document results
(See Sect4.4)

10

Review safety margins and defense-in-depth (SectiQ
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Figure 1-1
Deterministic Post-fire

Safe Shutdown Overview

Identify
SSD
Functions

.

Systems

Equipment

Cables

Identified Circuit Analysis

Associated Circuit
from Common

Power Source &
Common
Enclosure

<IIIII

Mitigation Techniques

= Re-design the circuit or some aspect of the safe
shutdown system to eliminate the circuit failure as a
concern

Focused-scope Fire PRA for MSOs

Reroute Circuit

Wrap Raceway

Operator Manual Action/Repair (Refer to Appendix E)
Other Equipment

Other Plant Unique Approach

Exemption Request / License Amendment Request
Deviation Reauest )

11

Functions:
(a) SSD Functions:

Reactivity Control;
Pressure Control;
Inventory Control;
Decay Heat Removal;
Process Monitoring;
Support Functions

(b) Sgurioué

Operations:
= RPV inventory Loss;

= Flow Blockage/Diversion
(Inventory Control; DHR)

= Refer to Chapter 4 and
Appendices B and G for
the MSO Resolution
Methodology
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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.

i

1.3.2.3 Safe Shutdown Equipment Identification

Using the Piping and Instrument Diagrams (P&IDs) ‘for the mechanlcal systems
comprising each safe shutdown path, the ntifies the mechanical
equipment required for the operation of thegsystem“and. the equipment whose

T%f hutdown systems.

shutdown component)

From a review of the associated P&IMADS-‘
operate and result in a flow blockage ﬂ
capability), loss of pressu"

vessel to determine the equ1pment;a at can re nlt in a loss of reactor inventory in
: ThlS includes a special class of valves known as
Refer to Appendlx C for the spemal requlrements

ent. This will include, in addition to the cables that are
sically connected to the equipment, any cables interlocked to the primary
electrlcal schematlc 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. A

12
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‘ 1.3.2.5 Safe Shutdown Circuit Analysis

_fire safe shutdown.

" The process ofsidentifying and mitigating impacts to the reqliired safe shutdown

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 positior %ﬁ@f a valve i1s closed, the
valve is assumed to open if the requ1red cable is ro in the fire area).

short-to-ground
the initial fire-

component. The impact is assesSed i
system, the safe shutdown path, the safe sh '

-

ath(s) described above is explained in more detail throughout this document.

Steam Electric Station NRC Question 40.97 paragraph 3a. Wolf Creek/Callaway SSER § Section 9.5.1.5 second

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

paragraph.

'

13
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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, '

14
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2 APPENDIXR REQUIREMENTS AND CONSIDERATIONS |

2.1

" REGULATORY REQUIREMENTS

#.GDC 3. Section

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 associa d circuits concerns are
also discussed. Refer to Figure 2-1.

10 CFR 50 Appendix A, General Design Criterion s
NRC's fire protection requirements.

safety shall be designed and located to miRimi e. consistent with other safety
requirements, the DI‘ObabllltV and effect of firesiand explosions. Noncombustible
and heat resistant materlalsishall be used wherever practical throughout the unit,
particularly in locations such as t contamment and control room. Fire detection
and fighting systems of appropriate‘capacity and capability shall be provided and
designed to minimize the adverge ef] ffires on structures, systems, and
components, 1mportant to safety. fighting systems shall be designed to assure
that thelr zrupture‘ t inadvertent operation does not significantly impair the safety
ili ructures, systems, and components.

ection HI:G establishes the regulatory requirements for
ms, equipment, cables and associated circuits required for
ix'R Safe Shutdown, in order to satisfy the first sentence of
HI.G.1 and THIL.G.2 discuss the requirements for “redundant” safe
shutdown and Sectlonx,«,«III G.3"discusses the requirements for “alternative .or dedicated”
shutdown The . requlrements for each of these shutdown classifications will be
con51dered separately : o .

achieving post-fi

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

Reguirements for Redundant Safe Shutdown

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

1. G. Fire protection of safe shutdown capability. ‘

15



NEI 00-01 Revision 2 - Draft -
December 2007

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 shutdow from either the control
room or emergency control station(s) can be repaired within 72 hours.

16
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Figure 2-1

lI.G1 Fire protection
features shall be provided
for structures, systems,
and components important
to safe shutdown

Appendix R Requirements Flowchart

One train of systems
necessary to achieve
and maintain hot
shutdown is free of fire

Systems necessary to
achieve and maintain cold
shutdown from either the
MCR or Emergency Control
Stations can be repaired

damage (*)

within 72 hours

IIl.G.2: Ensure that one
of the redundant trains
is free of fire damage
(*) by one of the
following:

Yes

Are the cables or
equipment located within
the same fire area,
protected by 3-hr fire
barriers, outside primary
containment?

No (***)

4._ to hot shorts, open circuits, or shorts [

Identify and locate the cables and
lequipment, including associated non-{
safety circuits that could prevent
operation or cause maloperation due

to ground, of redundant trains of
systems necessary to achieve and
maintain hot shutdown

Separation of cables and equipment
including associated non-safety circuits
of redundant trains by a horizontal

! distance of more than 20 feet with no |/

intervening combustible or fire hazards.
(**y

. ﬁy
Enclosure of cable and equipment

including associated non-safety
circuits of one redundant train in a
fire barrier having a 1-hour rating

)

Ensure that fire detectors and an

automatic fire suppression systemare} 3,
installed in the area.

Refer to Appendix D for the
. requirements of
Alternative/Dedicated Shutdown
: Cavpabilitv :

11l.G.3 Alternative 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

Separation of cables and equipment
including associated non-safety
circuits of redundant trains by a fire
barrier having a 3-hour rating

)

Does the protection of
systems whose function
is required for hot
shutdown satisfy the
requirement of 111.G.2?

(" bone )

(*) "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

(**) Exemption Requests, Deviation Requests, GL 86-10 Fire Hazards Evaluations or Fire Protection Design Change Evaluations may be developed as

necessary.

(***) For non-inerted containments, provide one of the protection methods identified in Appendix R Section 111.G.2 (a), (b), or (c)or provide for 20 ft
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 111.G.2 (d), (e), or (f) .

17
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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 I11.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 III1.G.1 presumes that some preexxstlng fire protection
features have been provided, such as barriers (prev10usly approved by the NRC under
Appendix A to BTP APCSB 9.5-1).

111.G.2 Except as provzded for in paragraph G.3 f this“section, where cables or

one of the followi'ng means of ensuring‘t
fire damage shall be provided:

a. Separation of cables an
redundant trains by a fir

redundant trains by a horizontal distance of more than 20 feet wzth no intervening
combustibles or fire hazards,

e. Installation of fire detectors and an automatic fire suppression system in the fire
areda, or ’

yA Separation of cables and equipment and associated non-safety circuits of ,
redundant trains by a noncombustible radiant energy shield. .

18
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' Section II1.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 II1.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
1 ' achieve hot shutdown are located in the same fire area outside of primary containment,
b one must provide fire protection features consistent with thegrequirements of Section
: I1.G.2.a, b, or ¢ (II.G.2.d, e, and f are also acceptable options inside non-inerted
containments) to protect structures, systems, components;_cables and associated circuits
| for one train capable of achieving and maintaining hot shutdown conditions. One must
also assure that any repairs requlred to equipment necessary to* a”ﬁhleve and maintain cold

; ¢ made within 72

‘‘‘‘‘‘

[72]
=
o
-
ol
&)
=
B
=
o
8
¢
=
=
[
-
-
=
o
O
=
Q
-
o
=
<
-
[4)}
o
=
3
'~<
e
=
=
e
/2]
—
&
=
=)
=
~
723
N,
Q)
o

hours.

! Depending on a plant’s current licensing’ ba51s exemptions, or deviations;:or GL 86-10
fire hazards analyses and/or fire protection desr"’ hange“evaluations, NEI 02-03 (the
replacement for the 10 CFR 50.59 process) e be used (when issued) to justify

b configurations that meet the underlylng goals of A dix R but not certain specific

requirements. ‘

' 2.2 REGULATORY GUIDANCE ON AS SOCIATED CIRCUITS

i 22.1 To ensure “that safe hutdown systems remam avallable to perform their 1ntended

in Generlc Letter 81—
= associated c1rcu1ts &

“Except as provzded 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...”

3 See the definition of “associated circuits of concern” in GL 81-12.

19
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223

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 necessary’ systems

NRC GL 81-12, Fire Protection Rule (45 FR 76602 November 19, 1980), dated
February 20, 1981, provides additional ¢la rification .related to associated
nonsafety circuits that can either prevent .opeta cause maloperation of
redundant safe shutdown trains. With reéspect to these associated circuits, GL 81-
12 describes three types of associate cuits. The Clarification of Generic Letter

81-12 defines associated circuits o ern as those cables and equlpment that:

~

a). Have a physical separation less than’ hat required by Section 11.G.2 of

Appendix R, and:

b). Have either: i

i) A common power source w utdown equipment (redundant or

trumentation stearn BﬁEpass, etc.), or

iii) A common enclosure (e.g., raceway, panel, ]unctlon) with the shutdown
cables (redundant and alternatlve) 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- 1nduced 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 gurdeline_s for protecting the safe shutdown capability from fire-induced
failures of associated circuits are not requirements. These guidelines should be

20
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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] staff for acceptability.

23 REGULATORY INTERPRETATION ON LOSS OF OFFSITE POWER

.

N
2.3.1 The loss of offsite power has the potential to affect safe shutdown capability. In

addition, the regulatory requirements for off51t¢‘

redundant and alternative/dedicated
consideration must be given for the loss

or it may be one unique combmatzon of

-Of«_
‘ effect on safe shutdown The Appendix_

ower “differ between the
apability. Therefore,
~when evaluating its
0..consider a loss of

ems for all such areas. In etther case,

the alternative shutdown capability shall be' mdependent of the specific fire

area(s) and shall accommodate post -fire condltlons where offszte power is

available and where offsi
be in effect to implement th

232

£

and» systems uséd_ prior to 72 hours after the fire will not be
powered by both onsnte and offsite electric power systems

restoratlon ar ycon51dered to be performed under the purview of the emergency

respons 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.
loads may affect HVAC strategies.

21

For example, additional electrlc heat
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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 besused. Regardless of the
method selected by an individual licensee, the criteria and, sumptlons provided in this -
guidance document may apply. The methodology described.in Section 3 is based on a
computer database oriented approach, which i1s utili ”:d by*several licensees to model
Appendix R data relationships. This guidance document ‘however;, does not require the
use of a computer database oriented approach. £ “, ®

Additional information is provid d
circuit failure criteria to be applled m assessm :
shutdown Chapter 4 provides the Resolutlon

! downufﬁnctlons It also provides information on the process for
‘combmmg these systems 1nt~ ‘safe shutdown paths. Appendix R Section II1.G.1.a
requ1res that the c ility to achieve and maintain hot shutdown be free of fire
damage Appendix R Section II1.G.1.b requires that repairs to systems and equipment
necessary‘,z ) chle\gg nd maintain cold shutdown be completed within 72 hours.

22
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Figure 3-1 A
Deterministic Guidance Methodology Overview

¥

Section 2.0

Establish Appendix R

Section 3.3

Select Safe Shutdown Cables

: Regulatory Requirements
Regulatory Guidance on Associated Circuits
Regulatory Interpretation on Loss of Offsite Power

Identify cables required for oberation or that can
cause maloperation of listed equipment including
improperly coordinated power circuits.

A 4

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

SSDin FA

=  Decay Heat Removal being used for SSD in
: FA :
* In excess of required makeup

Determine impact to equipment reduired 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.

Section 3.2

Select Safe Shutdown Equipment

Equipment that may perform or defeat SSD
functions

23

Develop Methods for Mitigation

-7

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.

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

Reactivity control

Pressure control systems
Inventory control systems
Decay heat removal systems
Process monitoring

Support systems

= Electrical systems

= Cooling systems

O oo o g™

integrity of the fuel, the reactoripix
functlons are preserved then the p

Spurious operations/actuations can
ost‘%’ﬁre safe shutdown functions listed above

kage in the inventory makeup or decay heat removal systems
quired safe shutdown path.

Spurious operationis are of concern because they have the potential to directly affect the
ability to ach;@ e 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-T43-00002-00-01-R01 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 ezused to achieve and
maintain safe shutdown per Section 1I:G'1 of 10 CFR 50, Appendix
R. Any of the shutdown paths (meth“g%s descrlbed in this report are
ieving redundant safe

3.1.12

systems (LPCI/CS) for safe s
the use of :SRVs and low pre%%‘sure systems is an acceptable
'ac%lggevmg redundant:safe shutdown in accordance

malntamed via® natural circulation of the RCS through the steam
enerators The cooldown rate must be controlled to prevent the
ormation of arbubble in the reactor head. Therefore, feedwater -
er auxiliary or emergency) flow rates as well as steam release
st be controlled.

ik
P

T@e’classiﬁcation of shutdown capability as alternative shutdown is
nade 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
[11.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 acc1den s.or other design basis
events (e.g. loss. of coolant -accident, earthquake) single failures or -
non-fire-induced transients need be co“ idered in conjunction with

the fire.

3.1.1.7  For the case of redundant shut; f.n, ‘offsite power:may be credited if
demonstrated to be free of fire damage Offsite:

offsite power is a
72 hours.

| néed not be included in the post-fire safe shutdown
analysis. At least one train can be repaired or made operable within
72':hburs using onsite capability to achieve cold shutdown.

Manual initiation from the main control room or emergency control
$tations 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-RO1 entitled *“Original Safe Shutdown Paths for the
BWR.”

[BWR] Control Rod Drive S_vstem

equ1rements for the reactivity
control function can be met without automatic capability. Manual
scram/reactor trip is credited. The post-fire safe shutdow ‘analysis must only
provide the capability to manually scram/trip the reactor. Each licensee should
have an operator manual action to; er vent the instrumentaiihes
remove RPS power in their postf‘?%f .safe shutdown procedures. “:The presence
of this action precludes the need to perform circuit analysis for the reactivity
control function and is an acceptable way to: accomphsh this function.

|[PWR] Makeup/Chargmg

There must be a method “for ensu ng that adequate shutdown margin is
T

A

mamtamed from initial reactor SCRAM to cold shutdown conditions, by

operated manually. Automatic initiation of the Automatic Depressurlzanon
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 chargmg/makeup to maintain pressurlzer level/pressure:
Manual control of the related pumps is acceptable.

3.1.2.3 Inventory Control
*[BWR] Systems selected for the 1nvent0ry (

) shu%tdown Typically, the same
) apable of providing pressure
isvacceptable. Automatic initiation

control. I
functions are not required.’

3.1.2.4 Decay Heat Removal -

sufficient decay heat from the reactor to reach hot shutdown
ons. Typically, this entails utilizing natural circulation in lieu of
forced 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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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 1nstrumentat10n is that which
monitors the process variables necessary to perform and, control the functions
specified in Appendix R Section IIL.L.I.
demonstrated to remain unaffected by the fire.

IN 84-09 did not
¢ applled to redundant

m” procedural guidance strategy (symptomatic vs. prescrxptlve) 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 Sectlon TI.G.1 and 2, power
P
may be supplied from either offsite power sources, or the emergency diesel
generator depending on which has been demonstrate \to\be free of ﬁre damage.

may also supply\;power to the 120VAC distribution
panels via static inverter. ese distribution panels typ1ca11y supply power for

instrumentation necessary

“to suppluyﬂiw y required control power during
r the diesel generators to become operational.

A,
%

ordesigned with a 250VDC Distribution System
.to Reactor Core 'Isolation Cooling and/or High Pressure

longer: requlred to operate).
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3.13

"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:

RHR/SDC/DH Heat Exchanger cooling water

Safe shutdown pump cooling (seal coolers, oil coolers)
Diesel generator cooling
HVAC system cooling water.

a aa o

HVAC Systems

-

itdown equipment
manufacturer S

B,
HVAC Systems may be required to. ‘assure, that safe 's
remains within its operating temper fure range, as speciﬁe
literature or demonstrated by sultab
plant operations staff from the effects
gaseous fire suppression agents)

Rec1rcu1at10n or migration of toxic conditions (e.g., smoke from the fire,
uppressants such as Carbon Dioxide).

’ ) 4

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:

Operating Procedures (Normal, Emergency, Abnormal)
System descriptions N \
Fire Hazard Analysis

Single-line electrical diagrams

Piping and Instrumentation Diagrams (P&IDs
[BWR] GE Report GE-NE-T43-00002-0
Shutdown Paths for the BWR” .

[ s I s [

=R02 entitled “Original
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Figure 3-2

Safe Shutdown System Selection and Path Development

Step1
Define Appendix R

requirements.
Refer to Figure 2-1

Step 2
Identify safe

shutdown functions.

Step 3

Identify combinations of systems that
satisfy each safe shutdown function.

¢

Additional
support systems
based on Step 4

e

Step 4
Define combination of

systems for each
‘'shutdown path.

A 4

- Step 5
Assign shutdown path to

each combination of
systems.

y
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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 requiredsafe®shutdown functions,
~ consider spurious operations and power supply issues that could impact the
required safe shutdown function.

This section describes the
‘and selection methodology for identifying the specific safe
ent’necessary for the systems to perform their Appendix R function.
The selected ¢ equlpment should be related back to the safe shutdown systems that they
support and b hss1gned to the same safe shutdown path as that system. The list of safe
shutdown equlpment 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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3.2.1 Ciriteria/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 catégorized as (1) primary components or (2)
| - secondary components. Typically, the followa g types of equipment
are considered to be primary component

o Pumps, motor operated valves,. soleno

| dampers, unit coolers, etc. -5

' o All necessary process indi¢ \,nd recorders.(iie., flow indicator,
temperature indicator, tirbine speed indicator, pwssure 1nd1cator

level recorder) h

’ o Power supplies. or oth T electr\ al. components that support
operation of primary components - (i.e., diesel generators,

'sw1tchgear ,motor control centers, load centers, power supplies,

lves, fans, gas bottles,

a_signal to a’ prlmary component via either an
r input 51gnal processor.  Examples of secondary
&_&W1tches pressure. switches, temperature
_ itches, temperature elements, speed elements,
transmitters, rters, controllers, transducers, signal conditioners,
nd swit’ches, relays, fuses and various instrumentation devices.

Determine Wh]Ch equipment should be included on-the Safe Shutdown
Equlpment 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
L 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

a part of the post-fire safe shutdown scenario.
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3.2.2

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 temperatur

upscale, midscale, or downscale asar
is worse. An instrument performlng a-contro
provide an undesired s1gnal to the control circuit.

3.2.1.6 Identify equipment that could;spuriously operate or mal;
' impact the performance of equipment on: a required safe shutdown
path during the equipment selection phase. Additionally, refer to
Chapter 4 for the Resolution Methodology for determmmg the Plant

Specific List of MSOs requmng > evaluatio 1.

. 3217 'Ident1fy instrument tublng hat may cause subsequent effects on

1nstrument readings or sxgnals' as a result of fire. Determine and
: 1 location ‘of the instrument tubing when
he effects of; fire damage to circuits and equipment in the

re area..

Methodology for Equlpment Selectlon

o

Refet to: Flgure 3 3 for a ﬂowchart illustrating the various steps involved in

_selecting safe shutdgwn equipment.

Use the folﬁWing mefhodology to select the safe shutdown equipment for a

. %ost—ﬁre safe shutdown analysis:

3.2.2.1 Identify the System Flow Path for Each Shutdown Path

Mark up and annotate a P&ID to h1ghl1ght 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) 1s also identified. If

additional systems are identified which are necessary for the operation of the
safe shutdown.system 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 Agfo ¢
shutdown path that it supports. Identify any valves or other equipment that
could spuriously operate and impact the operation of tha

Assign the safe shutdown path for the affected system to this equ1pment
During the cable selection phase 1dent1fy addmonal equlpment requlred to

system equipment). )
equipment list. Attachment 3 t0"~‘=
(SSEL). The SSEL identifies the lis
for safe shutdown and it documents var
the analysis.

equlpm%é“nt As an aid in assessmg identified impacts to safe shutdown, consider
modelmg the dependency between equipment within each saf¢’ 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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Figure 3-3

Safe Shutdown Equipment Selection

Step 1

Define proposed shutdown

paths.

l

Step 2

for each shutdown path.

Identify the system flow path

/|Refer to Attachment 2 fo &
an example ofan |
annotated P&ID.

Step 3
Identify combinations of

safe shutdown function:

equipment that satisfy each|;

Is any equipment
part of other
systems?

Ny

Additionaf
equipment found
from cable
selection
Refer to Step 5 in
Fig. 3-4.

: Step 5
. |Develop a list of safe shutdown
‘[ equipment and assign the
corresponding system and
shutdown path(s).

y

Step 6

Identify equipment
information related to the

Refer to Attachment 3 {3

for an example ofa ||
Safe Shutdown

Equipment List

y

safe shutdown analysis.

y

Step 7
Identify dependencies

Refer to Attachment 4
for an example of a

between equipment, support
equipment, systems and
paths.
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33

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 vshutdown equipment
whose functionality they could affect. Through this cable, 0- equlpment relationship,
cables become part of the safe shutdown path a551gned ‘the.equipment affected by the
cable.

3.3.1 Criteria/Assumptions

To identify an impact to safe shutd
equipment must have cables that , )
cables are related to safe shutdown eq 1pment so that impacts from these cables
can be properly assessed in terms of thelr ultlmate 1mpact on safe shutdown
system equipment.

s

Consider the folloWing cri en selecting éab[és that impact safe shutdown
equipment: , L

3.3.1.1 Theglist of cables wh”se “failure could impact the operation of a piece
_gof safe ‘shutdown equlpment mcludes more than those cables

shutd%wn As an option, consider applying the screening criteria from
b, Sectlon 3.5 as a part of this section. For an example of this see Section

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
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33.14

3.3.1.5

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 evaluatmg the acceptability of
the isolation device being credited.

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 mus '"’fg,.be isolated from the
component’s control scheme in such a wayithat a ¢able fault would not
impact the performance of the crrcu1 efer to Section 3.5 for the
types of faults that should be co sidered.. when evaluating the
acceptability of the isolation dev1ce berng credlt

For each circuit requiring powgr to perform its safe’s utdown function,
identify the cable supplying powerato each safe “Shu own and/or
required interlock componentf%%lnrtrall, firdentlfy only the%power cables
from the immediate upstream power source for thee interlocked
circuits and components (ie., th osest power supply, load center or
motor control enter) Rev1ew 'further the electrical distribution
system to capture‘%”%%\’”‘ emaining equ1pment from the electrical power
distribution system ;n essary.to support dehvery of power from either

the offsite power source or't gency’ “diesel generators (1 €., onsite

hesafe shutdown equlpment list. §Evaluate the power cables for this

‘addltronal *“equlpment forsggssocrated circuits concerns.

consrdered for its potential to adversely affect any post-fire safe

i shutdown system function.

33.1.7

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 component. 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 I11.G.2, requires that separatio"( ‘l{featuregs be pro?ided for
equipment and cables, including associated nonsafety circuits that could prevent
operation or cause maloperation due to hot shorts, open circuits, or shorts to
ground, of redundant trains of systems necessary%to ach ot shutdown. The
three types of associated circuits were identified in Reference 6:1.5 and further
clarified in a NRC memorandum datéd March 22, 1982 from attson to D.
Eisenhut. Reference 6.1.6. Theyéare s@follows&) '

0 Spurious actuations
o Common power source
o Common enclosure.

Cables Whose Failure May: Cause;purious Operatlons

peratlon could affect safe shutdown. These cables are
333 togetherywuh the remalnmg safe shutdown cables

:,,B{ylS to be used with the Plant Unique List of
irough the Resolutlon Methodology contained in Chapter 4.

‘ safe shutdown power source, a lack of coordination between the -
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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3.3.3

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 cdﬁ‘dition that exceeds the
criteria and assumptions of this methodology (1 [ mu1t1p1e fires). Refer to
Section 3.5.2.5 for an acceptable methodology for nalyzing the impact of these
cables on post-fire safe shutdown.

selecting the cables necessary for.performing a post -fire safe shutd wn ‘analysis.

Use the followmg methodology to define the cables required for'safe shutdown
including cables that may cause assomated%ucmts concerns for a-post-fire safe
shutdown analysis: : Vs

33311dentlfy Circuits Requlred 0 l}lev‘,VOperatidn:: of the Safe Shutdown

Equipment

r is required for the equipment, include the closest upstream power
distribution source on the safe shutdown 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.

If po
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333 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.
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Figure 3-4

Step 1
Define safe shutdown equipment

Refer to Figure 3-3

1

Step 2
Identify circuits (power, control,

instrumentation) required for the operation
of each safe shutdown equipment. (*).

1

Step 3
Identify equipment whose spurious

operation or mal-operation could affect
safe shutdown

Safe Shutdown Cable Selection

Step 4
Identify interlocked circuits and cables

whose failure may cause spurious
actuations. (*)

Step 5
Is power required

for equipment
operation?

Step 7
Assign cables to equipment.

Identify routing of cables.

A 4

Step 9
Identify location of cables by fire area.

44

Step 6
Identify closest

upstream power supply | ——Y¥
and verify that it is on
the safe shutdown list.

Refer to
Step 5in
Fig. 3-3.

(*) For electrical distribution equipment including power
supplies, identify circuits whose failure may cause a
coordination concern for the bus under evaluation.



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
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December 2007

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. 3

Tabulate the list of cables potentially affectin, piece of equipment in a
relatlonal database 1nclud1ng the respectlve dr wing nu‘ bers, their rev151on and
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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.

34.1.1

34.1.2

34.13

“within the fire area. This assum

Assume only one fire in any single fire/

Assume that the fire may affect all ab
hat ‘neither the%ﬁre_ size nor the fire
intensity is known. This is‘Conservative and bound’ he exposure fire
that is required by the regulatlon

Address all cable and equipment impacts ‘affecting the required safe

~ shutdown path in the fire area. ‘All potential impacts within the fire

area must be addressed The focus ofghls sect10n is to determine and

room or emergency control station(s) is free of fire damage (I11.G.1.a).
't cables or equipment, including associated circuits, are within the

ame 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):

o 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 (I11.G.2.a)

-0 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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v

combustibles or fire hazards. In addition, fire detectors and an

automatic fire suppression system shall be installed in the fire area
(I11.G.2.b). :

o 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
(11.G.2.¢).

options are also available:

"o Separation. of cables a
circuits of redundant tra;
20 feet with no an
(I11.G.2.d); ¢

:equlpment and “a
by a horizontal distance of more than
ening % combustlbles

o Installation of fire detectors:

“an automatic fire suppression
system in the:

Consider the effects of the fire on the density of the fluid in instrument
ing 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) ~

least number of cables and equ1p4_
requxred safe shutdown path Con51der the

By A Nentlfymg this early in the
f tlme is not spent assessmg '

It the fire area, perform an evaluation to determine the

/ path n
L ";jvlmpact of a% re- 1nduced cable fallure on the correspondmg safe shutdown

is 1mpo nt 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 FIowchart

Step 1 |
Identify and locate safe

shutdown cables by fire area.

Step 2 .
Determine the cables and
equipment affected in the fire area.

| |

A 4

Step 3

Determlne the shutdown path least impacted by
the fire in each fire area and designate it as-the

Required Safe Shutdown Path.

’

Step 4

Determine the equipment impacts to the e
Required Safe Shutdown Path using the |
circuit failure criteria in Section 3.5.

B

v%&

:
S e

y

\ & Refer to Attachment 5
for an example of an
Affected Equipment
Report by fire area

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

Step 5 !

cable.

Step 6

SRR

Provide a quallfed 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 Evaluatlon

Develop a fire protection change process.*

* Seek regulatory approval where necessary

49

v

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. -

y
Refer to Attachment 6 for a

~ example of a Fire Area
Assessment Report
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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 tg%ngtlgate the Effects Due

detection and demonstrate that the - ar
the 20 foot separation distance.

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.

50



NEI 00-01 Revision 2 - Draft
December 2007

35

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. '

ailure types that are to be
uipment. Section II1.G.2
und and open circuits.

Appendix R Section [I1.G.2 identifies the fire-induced circuil
evaluated for impact from exposure fires on safe shutdo
of Appendix R requires consideration of hot shorts, ghgfr“ts-fo

3.5.1 Criteria/Assumptions ?j’?‘ig;» e

L
Apply the following crlterla/assumptlons When performing fire induced circuit
failure evaluations. )

hort-to-ground may result from a fire-induced breakdown of a

“icable 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 1mpact that fire damage to a
particular circuit may have on the operatiof of the safe shutdown
equipment.

3.5.1.3 Assume that circuit failure types resu‘l'tmg 1 rious operations exist
until action has been taken to isolate the given rcuit from the fire area,
or other actions have been tak to%negate the effects of circuit failure
that is causing the spuriousi peratlon The ﬁre is not assumed to

of hot shorts clearing and g)o
used.

3.5.2

ge to circuits'that provide control and power to equlpment
(own path and any other equipment whose spurious

e fire a 2. leen this set of conditions, it must be assured that
rain of equipment capable of achieving hot shutdown is free of
for fires in every plant locatlon To provide this assurance,

, amage 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:

o Open circuit
o Short-to-ground ‘ :
o Hot short. _ ' .
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Also, refer t_o.App‘endix 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 COl’ltlHlllty.\ “An open circuit will
typically prevent the ability to control or powerdthe affected equipment. An

open circuit can also result in a change of “statex for normally energized
equipment. For example, a loss of powerto the main:steam isolation valve
(MSIV) solenoid valves [for BWRs] due’ 0 n open ci ‘ié& ‘will result in the

closure of the MSIV.

energizing the -circuit and causing
required safe shutdown equipment.
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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)

Fuse (Typ.)
¥ A

\ ' /
1 Cable Fault_.#
: 4 Open Circuit (Typical)
, Nn 2
g Open Circuit
o No. 1 ]
= Control Switch
2
Q 3
o —
3 Energize t Energize to
2 Open/Start=  Close/Stop
5
; 4——‘ | |—>
N .

at location No. 2 will prevent opening/starting of the subject

_An open ci
1 ill not impact the ability to close/stop the equipment.

quipment, b

on 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 interlo
device that may cause one or more spurious operations.

Short-to-Ground on Grounded Circuits

Typically, in the case of a grounded circuit, a sho ‘
circuit would present a concern for tripping the’circ
causing a loss of control power.

circuit.

cked relay or other

o-ground on any part of the
olation device thereby

Flgure 3.5. 2-2
Short-to-Ground
(Grounded Control Circuit)

s Fuse (Typ.) )

|_

- Short-to-Ground
No. 1

Energ

]

Short-to-Ground —4,

Open/Start . Close/Stop

Control Switch I__

No. 2

ize to Energize to

—F

Grounded Circuit

Short-to-ground No. 1:

A shoﬁ—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 c1rcu1ts 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/thq 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, postulatln :only a single short-to-ground
~on any part of the circuit may not result in trlppln the. circuit isolation device.
Another short-to-ground on the circuit or another circuit:from the same source
would need to exist to cause a loss of controlgpower to th i

Figure 3.5.2-3 illustrates how a sho to ground, fault may impact an ungrounded
circuit.

Figure 3.5.2-3
Short-to-Ground
{(Ungrounded Control Circuit)

Fuse (Typ.)

I_ Control Switch I,__

Short-to-Ground

No2 —> 1

Energize to Energize to
Open/Start Close/Stop

P

Short-to-Ground
No. 1

Ungrounded “Control Power

41'\/
- Short-to-Ground
L — 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 thé’effects of a hot short on
circuits for required safe shutdown equipment, /2 ;ashort is defined as a fire-
induced insulation breakdown between conduttors of the§same cable, a different
cable or some other external source result{ ,an unde51red impressed voltage
on a specific conductor. The potential ¢ fect of the undesired impressed voltage

would be to cause equipment to gperate or%fall to operate. n undesired
manner. : ‘

Vo equlpment 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 3.5.24
Hot Short
(Grounded Control Circuit)
- F Typ.
- use (Typ.)
— _‘ \ / ‘ .
/ h I
Control Switch -
5 —
3
o]
e
i I No. 1
. s
P Q :
’ B v Energize to Energize to
? 2 i Open/Start Close/Stop
| B 7
y

%0,
‘|&— Grounded Circuit
-~

L

cause'a spuri‘eus 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.

s

Figure 3.5.2-5

Hot Short
(Ungrounded Control Circuit)

Fuse (Typ.)

|_ Contro Switch |__
Hot Short @*’

—

x-\l No. 1
No. 2

Energize to Energize to
pen/Start Close/Stop

o

Ungrounded Control Power

the same control power source would energize
esult in the undesired closure of a motor operated valve.
>

Hot short N,

hot short at thls location from the same control power source would energize
he' open relay and result in the undesired opemng of a motor operated valve.

3.5.24 Circu 4'*Failures Due to l,lnadequate 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 requlred 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 i1s 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 pur 1p. due to the associated
circuits’ common power source breaker coordination “ssue\*load breaker 4 must

be fully coordinated with the feeder breaker to g%;l A bus.

Fiqure 3.5.2-6

v ‘ ' Common Power Source
(Breaker Coordination)

l Train B Bus

) _
ERER

Safe Shutdown Non-Safe .
Pump Train A Shutdown , Safe Shutdown
(Redundant Pump) Pump X ‘ . Pump Train B

(Redundant Pump)

Exposure Fire

I
rg R~
Fire Area Boundary

(Typical)
study should demonstrate the coordination status for each
ommon power source: For coordmatnon to exist, the time-current

fault on the load mrcuxts 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:

61



NEI 00-01 Revision 2 - Draft

December 2007

Identify the power sources required to supply power to safe shutdown
equipment.

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

For each power source, demonstrate proper ci

it coordination using
acceptable industry methods. :

gﬁ?{

For power sources not properly coordinated,t: bulate by fire area the routlng
of cables whose breaker/fuse is not properly coo dinated with the supply
breaker/fuse. Evaluate the potential for dlsablmg power to the bus in each
of the fire areas in Wthh the assomated circliit cables'o ficoncern are routed

Sequence of the rac wﬁ"i}' 1.
= Fire zone/area in w ch t

a{dequate separation based upon the criteria in
C staff guldance and plant licensing bases.

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 prg:féflude the propagation of
fire from one fire area to the next to demonstrate that adequate measures are in
place to alleviate fire propagation concerns. '
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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 addressing multiple fire- induced
circuit failures and multiple spurious operations by individual hc s. This methodology
uses identification and analysis techniques similar to methods! apphe nder NEI 04-02 for
Risk-Informed Fire Protection, but does not include steps for' %glf—lssue ] change analysis as
allowed under NEI 04-02 and NFPA-805. i,V

with the philosophy as described in RIS 2004-
spurious operation, all potential fire-inducex
mitigating action must be de

%gge condltlor{ ‘prior to it reachmg an unrecoverable condition
:. The correspondmg m1t1 atlng actlon for each potent1al spurious

This philosophy is similar to the development of plant emergency operating procedures, where

/(

low risk scenarios aré 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 1dent1ﬁcat10n on circuit -
failures that have a relatively high likelihood of occurrence. : ‘
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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

methods in Chapter 3 of this document. The methods descrlbed in this ‘chapter are not to be
used for addressing single spurious operations resulting’ fromgmsmg]e fire 1nduced circuit

failures.

The process described below, including the generic M'S L lists, do not artificially | limit the
number of spurious operations or hot shorts included in wach scenario considered. In some
cases, spurious operation of a specific component may requxre multiple hot shorts. Depending
on the type of circuit involved, guidance on:the appropriate assumptlons to be made relative to -
this condition are contained in Appendix* s;also intended that.multiple hot shorts being
required should not result in any screening’of S )s:from consnderatlon prior to the inclusion
of the MSO combination in the Safe Shutdowr} anal sis..The multlple hot shorts would be
considered when rev1ew1 ‘the cable ~r1ter1a in Appendix B or in the
PRA calculations.

Spurious operations that’are as a result of shorts to ground are considered for this guidance to
be the same as spurlous op e:to.ho shorts Thus an MSO mvolvmg a single spurious
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SSA
[OG Industry Surveys]

)

Generic List of
MSOs
[0G Industry Surveys])

NEI 04-06
[OG Industry Surveys]

i

Other:
- PRA
- NRC Inspection
[06G Industry Surveys]

OG Industry Survey

.

Generic Analysis

143

Generic list
of MSOs

[Appnnﬁix G]

Generic Analysis
Files
fa.3]

Plant Expert
Panel Review
[4.4]

[«4]

Plant Specific List of MSOs

Use the methods in NEI 00-01 Chapter 3, as |

ted 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.

Dispostion using NE! 00-01 Chapter 4, including
focused scope Fire PRA

[a.5]

Piant Expert
Pane! Review

Disposition using the deterministic methods of
NE! 00-01, Chapter 3, Section 3.4.2.4.
[a.5]

Documented basis for accept’ance

Figure 4.1 - Resolution Methodology

[+6] ¢

Deletions
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‘4,3 Generic Li_st 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 spurlous operations (MSOs) have been addressed for your fac111ty in each of the -

following areas:’

Y
2)
3)
4)

5)

Licensing Basis Safe Shutdown Analysis

Assessments performed for NRC RIS 2004-03 us g NEI‘%}O6

Evaluations performed as aresult of NRC In i)ectior;s

MSO Expert Panel Reviews conduct,gd%fggig ire PRA or NFPA 805

& &
Other Instances where MSOs [Combined Equ ient Impacts] with potentlal risk
significance been identified(e. g PRA Analysisli emal Events Model, Fire PRA or
other source) :

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 1s
not applicable to similar components or systems, or

2) Spec1ﬁc plant des1gn features (see additional comment' :‘elow) make the scenario -

reened from consi‘deration at
n place that would prevent the

design feature, the scenario should no
this step. Similarly, if.
scenario, the scenario’s
these scenarios would

s'is performed to show the MSO doesn’t fail the functlon '
in the plant specific MSO list, and the
the MSO.

eneral concept is that if the design feature can possibly change as a

. the MSO:néedssto be included in the site specific MSO list. This
he design"would be reviewed against the MSO to ensure the
“hangegare made to the plant over the course of time. For item

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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Deletions from the Generic List of MSOs is subject to review and concurrence by the Expert
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

preparatory steps and the performance of 1
following sections. '

4.4.2.1 Review of Existing:

Scenarios that arcidis ositgggf%d as not needing operator manual action (or other compliance
strategies), due to the;»‘préé’gnce 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).
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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 reachmg an unrecoverable state, but a second spurious can change. the: itiming 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:pressurizer going solid, the
timing for smgle pump spurious start/run can be much dlfferent tha hen 2 or 3 pumps

tio
MOV-1, the expert panel will need to consider the tlmlng in Table 2 to see if addél‘ onal
spurlous operatlons will result in failure of the fea51b111ty‘ ;rggena For MOV- 2, the credited

spurious scenarios, unless it can be mvolv din scenarios where a hot standby results. In this
case, it could affect the timing of an ex1stmg scenai sult in a new scenario being
introduced.

Table 1 (e vanple)
atxoﬁs Components and Scenarios
Disposition Reference for
Disposition

Local Operator Table 2, Manual
Manual Action Actions Feasibility,
2xcess'Letdown per procedure OP-3 table '

Spurious 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 MSQO 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 includesa. umber of 1nputs
depending on the status and completeness of the PRA and: ‘Eg%re PRA effort. Appendix F
includes a broad discussion of PRA reviews that can be performed including the
following: : h

1) Cutset or Sequence Review — a reyiew of cutsets sorted by%probablhty or
order to indicate where fire- 11;9u d damagescan result in a p" entlally high-
- risk sequence. Cutsets can also be ipulate )by setting ba51
representing fire-induced spurious 0perat1 n (e. g fail to remain open or
: view should result in an

din g (but not limited to):
L § ‘M)OV spur1ously open or close

The above PRA reviqwsto 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, 1f expert panel review is
determined to be not needed for important scenarios). In this casesthe following should be

included in the safe shutdown analysis: :

1) Components whose spurious operation in combination with other
components results ina risk for thebeombmatlon (1nc1ud1ng%a]1 cutsets for all

examples of circui b%%ations to be included in a review. For example A-2.12.2.1
includes specific PWR examples to be reviewed. These examples should be reviewed in detail
by the expert panel tmdetermme 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 generlc 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 adde éﬁ%}gl}e generic MSO list
for disposition using the process described in 4.5 below.

As discussed in Appendix F, complete documentation of the:
MSOs is-important. This documentation should include ¢
considered, as well as possible MSO scenarios that wer con51dered 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; training and results.

pert pw{nel review for new

4.4.3 Expert Panel Review of MSO Llst Deletions

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.
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452 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 shutdown 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).associated with the MSO
must also be assigned to each componerit in that MSO. If all com] ents associated with a
partlcular safe shutdown path are located in a common fire are%:fw re they have the potential,

mitigating strategy must be provided for the MSO.

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

1) Disposition based on consideration of Circuit

2) Disposition based on Fire Modeling

Circuit failure criteria 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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‘ 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 the block 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.

1If 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 thé MSO is dispositioned on the basis of c'rcult analysis.

| ‘ If mitigation by the use of circuit analysis is not possible, then anot
either one of the traditional means described in Section 3.4.2.4
below, must be developed. If either of the means listed belowis usec

ins of mitigation,

of the means listed

s the mitigating strategy
anel is required.

part of fire hazard analyses, engineering equlvalency evaluatlons “deviation requests and/or
exemption requests, as approprlate Use of 1ndustry acceptedg\Flre Modellng Programs will

4.5.2.3 Fire PRA Dlsposmon ' ,

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 dispesitions for the MSO scenario, including
traditional compliance methods discussed in 3.4.2.
The review in item 2 should include the uncertainty/sensitivity of ;hej'eiialuation being
performed the effect the traditional compliance strategy would have on other MSOs or

74
spurious operations, the cumulative effect of spurious operations and ﬁre risk in the area, and -

other factors the Expert Panel determines. are important.

expert panel should become familiar with the general om partment/area results, and the
characteristics of the area that affect both overall risk and the risk for the MSO. These
characteristics should be c0ns1stent andéglven they are consxstent the expert panel review of

accurately applied. The sensitivity and un
assumptions made for the fire characteristic
assumptions, non-suppression probabilities, e

a. Any new ‘SO not on the generic list,

/

he MSQO‘&:’does not screen using the conservative screening in Chapter 5
(1tes; reauires 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.-

m
‘ ’}
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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.
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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.

)'uif@%&é&ﬂures to determine if
3 provides a quantitative

i,
fb,

component combinations.
’ analysis, including

Section 5.2 focuses on the preliminary screening of these ci
more detailed analysis methods are warranted. Section
method for evaluating the risk significance of identified
Section 5.4 covers integrated decision makiﬁggi “for the i
consideration of safety margins and defense-in "'""ﬁfzh%gonsiderationg

Figure 5-1
Simplified Process Diagram

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

Perform 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

h 4

Identify the circuits and routing affecting the component
combination of concern (Section 3)

4

Evaluate the risk significance of the component combination of
concern (Section 5.3). '

A 4

‘MOJJE SUONRIaPISU0D Yidap-Li-asuajap pue )
ulBiew-Ayajes ‘Auiepadun ‘4437 ‘4Q0 H usalog sisAjeue yydap-ui-asusjap pue suiblew Ajajes wiopad

Corrective Action Program

Assess compliance status, risk significance; and possible
corrective action as described in Sections 1.1 and 5.4 of this
document

-

A 4

Document results (Section 3.4, 5.4)
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5.1

COMPONENT COMBINATION IDENTIFICATION

5.1.1 Consideration of Conseqnences

This first step limits consideration to componew combinations whose
maloperation could result in loss of a key safetygfinction, or in immediate,
direct, and unrecoverable consequences comp e to high/low pressure

mterface fallures The component comblnatlons 1dent1f1ed in Chapter 4 above,

consequence of concern.
above consequences, the MSO may

effort o develop this method. Adapted from NEI 00 Ol Rev 0
1ve1y 51mp1e based on measures readlly available from the FP

“screening.out” a circuit issue that could be of greater-than-very-low-risk- 51gn1ﬁcance
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 (1.e., no multiplication of more than two probabilities);
crediting of manual suppression in a fire zone only if detection 1s 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 permltted 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)

.in the two-sided 90% upper and lower conﬁdence b

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). '
7.4.44 and Ref. 7.4.45 eliminate fire events Jngl
Considering uncertainties in their probability distri

eS¢
to be “non-challenging.”
tions (somewhat reflected
nds in Ref. 7.4.44), the

following ranges for fire frequencies are

HIGH, >0.03/yr but <l/yr
MEDIUM, >0.003/yr but <0.03/yr

LOW, <0. OO3/yr

otential damage of more than one multlconductor cable, a
wo cables should be assumed to be damaged concurrently”.

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:

e HIGH,>0.3but<l _

e MEDIUM, >0.03 but <0.3
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' e LOW,>0.003 but <0.03 _

e 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- mduced .Spurious actuation of
a component combination. Core damage will oc gur only if (1) the fire is
‘ localized and severe enough to induce spurious#actuation; (2) the fire is not
' suppressed prior to inducing the spuriou ctuation d (3) other non-fire
; related contingencies, including human actions and ment operation, are
- ‘unsuccessful Thus for core damage to: occur, there
-

|

i

i

'
| aela . combust10 of an entire compartment To
i ‘ 1allengi uld be for screemng purposes, we con51der

expect'gﬁ.

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.’ If automatic can be credited, then
manual will not. Manual will only be credited if a tomatlc cannot. Thus, the
product F*P will be reduced by a factor of either (af automatic suppressmn
is creditable) or 0.1 (if automatic suppression is‘no %' -ditable, but manual is).’
Both, implying a reduction by 0.001, wi .. credited. Thus, the
maximum reduction in the product
consideration qf fire suppression is 0.0k

as*Table 5-8 for use in the subsequent example
s, three types of “remaining mitigation capability” for
ailabilities based on safe shutdown path. These are (1) 0.1
if only an automatlc steam-driven train can be credited; (2) 0.01 if a train that

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

8 If neither is cre litable (e.g., no automatic suppressnon system and timing/location/nature/intensity of
fire precludes minual 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.

! 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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hEN
N

‘ o 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.’

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.’

" 5.2.1.7 Factor for Number of Vulnerable Zones (Z)

While there is no way to know a priori the exact riumber of fire zones through
which the vulnerable equipment will pass, or the number of these where there is
potential for fire damage, something on the order of10:zones will be assumed
for screening purposes. Theoretically, the:t tal; frequency, of core damage from
spurious actuation would be the sum<of tﬁ%rfrequenme from the individual
zones. In general, a higher value would be expected for a*hlg r number of
zones. Thus, some type of credit

requencies that result from assuming the maximum credits for G
S (0. 01) C (0.01) and Z (0.9), i.e., a joint credit of 9E-7, for the F*P
s.aresshown 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 25
ﬁres reviewed, none resulted in core damage.

® These criteria include available time and equlpmem environmental conditions; procedural guidance;

. ' and nature of training.
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Revision O states that “the criteria for determining that component combinations
are not risk significant are as follows:

e If the change in core damage frequency (delta-CDF) for each componeht
combination for any fire zone is less than 1E-7 per reactor year, AND

e If the delta-CDF for each component combination is less than 1E-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,

be <1E-7/yr. This seems to be the appropriate criterion to a ply. tos the Six-
nag ce thishis the prelimi

5.2.3

. rion is satisfied are indicated in
the case$” where preliminary “screening to

ﬂjetermme the block on the table that corresponds to the fire frequency
~and probability of spurious actuation.

' 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., | point corresponds to 1E-1 = 0.1, 2.5 points correspond to 1E-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 cons1dered 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 (automatlc) is the only
one receiving credit (i.e., there is no combmatlon)

6. Determine the CCDP.
CCDP =1.

* screened to green.

Challenging Fires (G)

Large fires = 0 point

atiQn@capability creditable = 0 point
automatic steam- driven train or operator actions with 0.05 <
.5 creditable = 1 point'’ '
A train providing 100% of a spec1ﬁed safety functlon credltable =2

pomts

13 Credit is reduced for energetic electrical and oil fires.
'* As mentioned earlier, detection must be present in the fire zone to take credit for manual suppression.
'> As mentioned earlier, the credit for operator actions is based on additional criteria being satisfied,

‘ including available time and equipment; environmental conditions; procedural guidance; and nature of
training.
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» Factor for Number of Vulnerable Zones (7) . i

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 524 can beused to evaluate which
zone is likely to be the most risk-significa t. Table 54 converts the F*P
maxnnum frequencies from Table 5-1 into their point equivalents for each F*P
pairing.'® The pairing point equivalef tal poi_nt credits
from the preliminary screening to#est {
zone. The zone with the lowest p?;’ﬁt tota. . viewed as the ‘most risk-
51gn1ﬁcant At least this one zone shoul’ | '“processed through the FPSDP to

positive. These FPSDPE:
screening tool, should be 1
in Phase 2 of the FPSDP.

5.2.4 Example Appllcatlon

& .
at exaggerated for illustration purposes,

The followmg example som
I ary, screening tool. Assume an FPSDP

thermoset nd are encased in an armor jacket only in the battery
yroom. Tabl 3551gns a probability of spurious actuation of 0.6 to thermoset
cables for which no other information is known, which lies in the HIGH range
in: ble 5-3. Spurious actuation in an armored thermoset cable is considered
virtually. ipossible, 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.

6 Recall that each point is roughly equivalent to a factor of ten reduction, or the negative exponent of a
power of 10. Thus, the F*P pairing for HIGH-HIGH in Table 1 (1/yr = 1E-0/yr) receives 0 point in Table
4, while that for LOW-VERY LOW (1E-5/yr) receives 5 points. : .
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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 | : a

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 afmored in this room, the
probability of spurious actuation is virtually nonex1§%§ﬂfl , orrespondmg to the
VERY LOW range. Table 5-3 indicates that imi ary screenlng is possible
for this zone with > 3 points.

Small fires can be expected in the battér ] ¢arns 2 points from
Table 5-7 for fire size (G). Only manual suppression can be {%}@c‘dited because of
the portable fire extinguishers and:automatic «detection, produ r:

fire detection/suppression (S). No mitigation capablllty 1S credltab since both
DC trains could be lost in a battery room fire; pomt is assigned’ from Table 5-
8 for CCDP (C)."” There are a total 0 ulnerable zones, so 0.5 point is
assigned for the number:of vulnerable zone The points for the battery

room total to 3.5, therefore permitting prehmlnary‘screemng

re cfrequencyﬁwfor a cable spreading room with
lies in the LOW range. With no. other
able has a probability of spurious actuation

of 6% fré%m%Table , 1.e., lying i m the HIGH range in Table 5-3. As a result,

8

>4.5 pou\?t%g%% e.n

points fre detection/suppression. A remote shutdown station
meriting 1 point from Table 5-8 for CCDP."® There are a total

"7 This conservative assumption of total loss of DC pewer is for illustration only.

'8 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 1 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
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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 mai
which lies in the MEDIUM range. With no.
thermoset cable has a probablhty of spurious<actuat
i.e;, lying in the HIGH range in Table 5-3, As
to screen this zone.

control room of 0.008/yr,
r information known, the
n.of 0.6 from Table 5-6,

D In this example the cables ran through fire
t fire initiator frequencies, cable types (and therefore
r babllmes) potentlal fire 51zes suppression systems, and

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

' 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- CDE threshold of 1E- 7/yr
based on a point system for the remaining four fac ;

TABLE 5-1. Maxima for the
Pairings F*P (With Round off to the
Nearest “3" or “1" for Convenience)

N

#1">0.003/yr but

‘MEDIUM,

E]I GH, 20.3 but 1/y? 0.QO37yr
MEDIUM, >0.03 0: 009/yr 9E-4/yr
Probability | -
but <0.3 =0:01/ ~0.001/
of spurious " ( 0:01/yr) _ ( yr)
actuation |y gw, >0.003 but 9E-4/){;_¢ - 9E-5/yr
® ~ (~0.001/yr) (~1E-4/yr)
| .(9E-5/yr ' 9E-6/yr
(~1E-4/yr) (~1E-5/yr)
Fire frequency (F) -
HIGH, >0.03/yr | _VEDIUM, LOW,
but <1/yr 20.003/yrbut | g 503/yr
= <0.03/yr -
9E-7/yr 3E-8/yr 3E-9/yr
MEDIUM ‘ ‘
’ E-7/ - E-1
Probability of | >0.03 but <0.3 3E-T/yr OE-9/yr OE-10/yr
spurious
actuation (P) | LOW, >0.003 ) ) )
but <0.03. 3E-8/yr 9E-10/yr 9E-11/yr
VERY LOW, 3E-9/yr 9E-11/yr 9E-12/yr
<0.003
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-TABLE 5-3. Point Fire frequency (F)
Requirements for
Screening (Note use of “>” vs, HIGH, MEDIUM, LOW
“>7 i.e., points must EXCEED >0.03/yr but >0.003/yr but <0 005/)’1‘
numbers shown) - <l/yr <0.03/yr, :
Screento gt Screen to green
I;III GH, 20.3 but Do not screen | with with> 4.5
_ points

MEDIUM, >0.03

Probability Screen to green
- of but <0.3 Do not scre with > 4 points
spurious 7 g e .
actuation | LOW, >0.003 but stciiﬁen ;%,green _ Screen to greens | Screen to green

P) <0.03 poifite “with > 4 points *3 points
VERY LOW, S‘"f:fle: 4\‘\’? Sc.gie:z“’ goen
<0.003 ;Vo‘ints ' with > 3 points | W0 7= pomis
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Fire
frequency

(F)

Probability of

Points

spurious
actuation (P)

HIGH

Preliminary

screen total

Table 4-1

(Zone A - 4)

_equivalents

MEDIUM

LOW

(Zone B - 3)

VERY LOW

MEDIUM

HIGH

(Zone C-2)..

MEDIUM

A

4

LOW

(Zone D - 2.5)
(Zone{_}? -3)

_(Zoneé;) -5.5)
(Zone E - 6)

VERY LOW

HIGH

(Zone F - 6.5)
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Room ldentifier

- Auxiliary Building (PWR)V

Generic Fire
Frequency
(Range)

4E-2 (HIGH)

Battery Room

4E-3 (MEDIUM)

|| Cable Spreading Room - Cables Only

2E-3 (LOW)

-6E-3 (MEDIUM) (I

Cable Vault or Tunnel Area - Ca‘éi&fs Only

2E-3 (LOW) 1'

Cable Vault or Tunnel Area - Cables Plus Ot (((r,%Electrlcal Equlpment

3 (MEDIUM)

Containment - PWR or Non-inerted Boiling Water Reactor’ (BWR)

s
“E-2 (MEDIUM)

Emergency Diesel. Generator Bulldmgf

3E-2 (HIGH)

2E-2 (MEDIUM)

Main Contijii;lg Roo

8E-3 (MEDIUM)

Radwaste Ar:

1E-2 (MEDIUM)

9E-2 (HIGH)

2E-2 (MEDIUM)

2E-2 (MEDIUM)
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TABLE 5-6. Probabilities of Spurious Actuation Based on Cable Type and Failure Mode

(Range)

No available information about cable
type or current limiting devices

Cable type known, no other
information known (NOI)

0.15
(MEDIUM)

Inter-cable interactions only

0 (VERY
LOW)

In conduit, cable type known, NOI

In conduit, inter-cable only

In conduit, intra-cable

d'to Fire Intensity Characteristics

zdeiréﬁ/Characteristics (Points Assigned)

e;%%?e/r‘y Large | Engines Solid and
Fire and Transient
Sources Heaters | Combustibles
(0 point) (2 points) (2 points)
o
500 %eile | 56 ogile fire
fire
v
95u %eile | g5, oite fire
fire
0/i11n
95m %ile |50, vile fire | 50w %ile fire
fire
95m Y%ile fire
95m %lile fire
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TABLE 5-8. Total Unavailability Values for SSD Path-Based Screening CCDP

Type of Remaining Mitigation Capability

1 Automatic Steam-Driven Train A collection of associated equipin’ent that

credited as “Remammg Mitigation Capability.”

Assigned)

Screening
Unavailability
Factor (Points

0.1 (1 point)

1 Train: A collection of associated equipment (e.g., pun
breakers, etc.) that together can provide 100% specnﬁed safety
function. The probability of this equipment b unavanla@ble due to
failure, test, or maintenance is approximately
“Remaining Mitigation Capability.”

0.01.(2 points)

Operator Action Credit: Major actions performed byfoperators during
accident scenarios (e.g., primary heat removal using bleed*and feed, etc.).
These actions are credited using thre
probabilities:

0.05 and 0.5; and

0.005 and 0.05.

1.0 (0 point),
0.1 (1 point), or
0.01 (2 points)
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5.3

PLANT-SPECIFIC RISK SIGNIFICANCE SCREENING

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 th€sresults of EPRI Report
1008239, “EPRI/NRC-RES Fire PRA Methodology for Nu @?Power Facilities.”

5.3.1 EPRI/NEI Test Results

preliminary screening and detailed
More information about these resul

The expert panel report provides a general, methodology for determining spurious
operation probabilities. Pgy is g1ven by the product:

Psa =Pcp * Psacp

Xpe ed time response for manual suppression.
report provides fragility curves for cable damage
rature or thermoset T-plastic and armored cables. This curve is
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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 Pcp (Reference 6.4.39 Figure 7-1)
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This figure is not used in the preliminary screening process, meaning Pcp = 1 and
the spurious operation probability is conservatively estimated as Psacp. For-the
detailed screening (Section 5.3), Pcp 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 Pcp for either screening process.

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

o 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
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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 * [Psacps-15/Psaco@e-1] -

Based on the Reference 7.5-39, two P;ACD (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-Induce Circuit Failures: Results of
Cable Fire Testing, provides supplemental information to the expert panel report.
This report provides detailed analysis for eachiof 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 dli@gatlon of ‘spurious operatlon events. The
test data used for the EPRI report shows that a majority of«ﬁi\ circuit failures

w

tests equal to 10 minutes. The results 6 he es 1r\ie§§“ 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 (Psacp)

Case # Case Short Description Psaco Best High Confidence Discussion
Estimate . *"*Raqg&e Reference
Psaco BASE CASE
B-1 Psaco base M/C Tset cable 0.30 00 - 0.50 7.2.3.1
case intra-cable .
B-2 Psacp base 1/C cable, Tset, 7232
case inter-cable
B-3 Psaco base M/C with 1/C, Tset, Inter-cable 7.233as
case ’ : modified by
EPRI test report
B-4 Psacp base M/C with M/C, Tset 7.23.4 as
case inter-cable modified by
: & EPRI test report

Thermoplastic Vari_énts

"70.10 - 0.50

B-5 Psacp variant Same as #B-1 except ; 7.3.1, last
thermoplastic & paragraph
B-6 Psacp variant Same as #B-2 except = 0.05-0.30 7.3.1, last
paragraph
B-7 Psaco variant 0.05-0.20 7.3.1, last
paragraph
B-8 Pgacp variant v 7.3.1, last
. & paragraph
Armored Variant
: : c e
B-9 Same as #B-1;except armored |/ 0.075 0.02-0.15 732
N bullet 5
B-10 ‘Same as #B ept armored 0.0075 0.002-0.015 7.3.2
cable_;W_ith fuses (see’7:3:2) bullet 6
Conduit I
B-11 Psacp Variant 0.075 0.025-0.125 7.33
. last bullet
B-12 Psacp varia 0.05 0.0125-0.075 7.33
last bullet
B-13 Psaco variant 0.025 0.0125-0.05 . 7.33
last bullet
B-14 Psacp variant :Same as #B-4 except 0.005 - 0.01 7.33
] in conduit last bullet
Control Power Transformer (CPT) Variant
B-15 Psacp variant Same as #B-1 except without 0.60 0.20-1.0 7.41

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 criteriashave been met.

If quantitative LERF analysis is avallable@t meet the criteria above, then this

c screening process and associated analysis is to demonstrate with
, ssurance 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 thé impacts of the uncertainties, both those that are explicitly accounted for in -
the results and those that are not. The consideration of. uncertainty 1s 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 screenmg 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. Sensmvny analysis for this application
1s 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, pl idditional considerations
such as spatial information, the type of cable failure qulred whether the failure
needs to be maintained, etc.

The closer the scenario risk is to the cé@eptance "cr1 ia, the more detail is

the analysis. For example, if fire modeling is not
rvative assumptions are made about fire spread and/or

the screening ofa ‘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%through 5-3, or after the
quantitative risk significance screen in Section 5.3.. \

5.4.1.1 Defense-In-Depth

Balance among DID elements 1s a cornerstone of nsk informed applications, and
is described in Ref. 7.4.50;Section 2.2.1.1. Th1s document provides the following
guidance: ik

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

For nuclear safety, defense -in-depth 1s accompllshed by ach1evmg a balance of
the following:

Preventing core damage
Preventing containment fallure
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 pubhc health and safety (CDF
and LERF).

Consistency with the defense in-depth philosophy is malntalned 1f the followmg
acceptance guidelines, or their equivalent, are met: “

1. A reasonable balance is preserved amo 50 Appendix R DID

elements.

2. Over-reliance and increased length of time or risk in performing
programmatlc activities to compensate for weaknesses in plant d

malntalned

It should be-
‘beyond des

oted thg@g%jéﬁ elements of fire protection DID may not exist for
basis fire scenarios. For example, a CDP of 1.0 is possible if
enough fire barriers are breached. Such beyond design basis scenarios, however,
“‘should be de strated to be of less risk significance, with certainty. A scenario
thia elements of DID, and a CDF of 9E-08/year would be treated differently
ario 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 quahtatlvely assess these factors to
assure DID is maintained if a quantitative assessmentis “notavailable. Additional
analysis may be required to complete the DID assessment in this case, since the
information available may not have been '
assessment.

The licensee is expected to choose the metho
for evaluatmg whether sufﬁcxent safety mar

Screen 5/ results) further analysis using detailed plant fire PRA models or actions
to redufe the summed ACDF below 1E- 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 1E-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 be performed
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%followmg established
practices. The documentation should be maintained. in accordance with ex1st1ng
plant procedures.
As discussed in Chapter 4 above, the documentatlon 1s re(m renced or included in
5.5 PRA Quality

5.5.1 Applicability of the ANS FPRA Standard

The ANS Fire PRA Stand (Wthh is bemg T A’E'grated into the ASME
Combined PRA Standard) p igh level and\supportmg requirements for all
steps performed in a detailediPRAused for MSO analysis. The applicability and
use of the Fire Standard wou depend somewhat on the Fire PRA process used,
as discussed.insthe following sections. :

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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5.5.1.3 Full Fire PRA

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. Addm@nally, SRs that are reviewed

may not be applied in a similar level of detail as full'Eire PRA. For example,
non-suppression analyzed for an individu enario would be reviewed against
the applicable SRs. However, the SRs ma? ”iapphcable to many other possible
scenarios not associated with the MSOs The review of the SRiwould be limited
to the application, and as a result, the e associated‘grade for the SR ‘would only be
assigned for the limited scope review. “As-a result; the Peer Reviewscope would
need to be specified and documented as a p: of the overall MSO documentation
process. This includes both the scope of the SRs reviewed or not reviewed and
the limitations or scope o of the reviewed' R '

nario analysis is included in the
full Fire PRA ‘thenall of the Fire. PRA Standard SRs would apply. As with any

appllca on SRs where a not met or Category Lis assessed would need to be

If a full Fire, PRA is performed,‘and- the MSO
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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 analys1s as described
above, which is not designed to meet the Fire PRA. standard Supporting
Requirements. The screening analysis is not rev'ewed against any of the Fire
PRA Standard SRs. :

J

" 2) The detailed Fire PRA for MSO scenarlos is an analy51s of the MSO scenarios

only, and would not provide a Fire P A for.a Fire Area ot Compartment. As

such, the Flre PRA would only ap ly spec1ﬁc Fire PRA steps: eeded to show

: quirements for
ther steps

v, many of the SRs Teviewed

yzed, and not to the entire plant.

would not need to be reviewed. Addition:
would only be applicable to the MSOs

Prior to the performance of'a peerireview against a Focused-Scope Fire PRA, the
expected scope should be documented by.a pre-revi ew of the MSO analysis
results. This scope would the% be used'to rminé the number and capability of
the Fire PRA<Peer Review Team.. Upon completion of the peer review, the

limitations'of the review for each' SR should also be specified in the
documentatlon A :

5

iy ;%
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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

I11.G.2 and have one of the following:

Common Power Source

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 ‘

1IEEE Standard 100-1984 — A conductor or system of conductors through Wthh an
electric current is intended to flow. [391] .

Circuit failure modes

The following are the circuit failure modes that are postul‘

in the post-fire safe
shutdown analysis as a result of a fire: :

Hot Short

A fire-induced insulation breakdown betwqen conductors ‘of the same cable, a
different cable or from some other ext tnal Source resulting in.a compatible but

ag i

undesired impressed voltage or signal’on a specific conductor

Open Circuit

A postulated event 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 equlpment may constitute an
exposure fire for the redundant train. located in the same’ area 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
o
as used in Appendix Réé« means an area
e
S, assomated with the ﬁre ea and, as
“aréa from a fire outside the area.

Generic Letter- 86-10 — The term "fire aré
sufficiently bounded to withstand the ha

In order to meet the regulatlon ﬁ ] 1 not be completely sealed with
" %}fjre area boundaries were not

Fire Barrier

nponents of construction (walls, floors, and their supports),
‘cludmg beam JOlsts columnsy penetration seals or closures, fire doors, and fire
ampers that are rated by approving laboratories in hours of resistance to fire and are
used to\prevent the spread of fire.

Fire Freq‘li‘encv (Ky) |

&

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 Program
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10 CFR 50, Appendix R, Section 11.4 — the fire 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:

o Prevent fires from starting.
Rapidly detect, control, and promptly extinguish those fires that do occur.

o Provide protection for structures, systems, and components 1mportant to safety so that
a fire that is not promptly extinguished by the fire suppressxon activities will not
prevent the safe shutdown of the plant. ~

.Fire Zone

rated barriers.

Free of Fire Damage

ntial ﬁre hazard. For plants licensed prior to 1979, these -
15_for.an Appendix R exemption request or support a plant
te }egulatory processes. For plants licensed after January
tions may be used in conjunction with a fire protection design
er the current licensing basis or they may be submitted to the
) ~ (Note: Previously approved

without resubmlttai to the NRC.)

High Impedance F éult

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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opening of a motor operated valve using the hand whee

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 out:
when automatic, remote manual, or manual operationg

ide the.Main Control Room
no longer available (e.g.

4
Operator Manual Action

“repairs.”

Multigle High Impedance Fault(s)

IEEE“%\S gggdard 380-1975 — Any channel that is designed and used expressly for
supportmg wires, cable” or busbars. Raceways consist primarily of, but are not restricted
to, cable trays: ndults and interlocked armor enclosing cable. [384]
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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
controls (e.g., control switches) specifically designe
other than the main control room.

. shutdown path using remote
this, purpose from a location
Remote Shutdown Location
A plant location outside the control room i

Remote Shutdown Panel

Repalrs may include installation, removal,
‘components or jumpers using materials, tools,
. replacement of fuses, installation of

Ventllatlon) Credlt 6r repair éi:t1v1t1es for post- ﬁre safe shutdown may only be taken for
equipment requlred .\to, achieve and maintain cold shutdown. Repairs may require
addltlonal more detailed instructions, including tools to be used, sketches, and step-by-
: ‘tlons for the tasks to be performed. Repair activities are intended to restore
functions and:not equlpment since the equipment may be destroyed in a fire event. Repair
activities may ely“‘bn exterior security lighting or portable lighting if independent 8 hour
battery backed hghtlng 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
requireq 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

Safe Shutdown

¢
[Reference 7.4.38] A shutdown with (1) the
below criticality consistent with technical spec1ﬁcat10ns (2) the core decay heat being
removed at a controlled rate sufficient to prevent core or, reactor coolant system thermal

functlons of reactivity control, inventory control, decay heat removal,
' process%omtormg 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'p yvide one or more of the
post-fire safe shutdown functions of inventory cggt 1, 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 1 uired for safe shutdown

or by not mal-operating.

Short-to-Ground

See “Circuit Failure Modes.”

Spurious Operation

piece of equipment.
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‘ Attachment 1
Example of Typical BWR Safe Shutdown Path Development

Safe Shutdown Path 1 ) Safe Shutdown Path 2 l Safe Shutdown Path 3
Reactivity Control Reactivity Control Reactivity Control
CRD (Scram Function) CRD (Scram Function) CRD (Scram Function)'
Manual Scram and/or Manual Scram and/or Manual Scram and/or
Operator Manual Action to Operator Manual Action to Operator Manual Action to

remove RPS Power or to vent the remove RPS Power or to vent
instrument air header the instrument air header

RES Power or to vent the
instrument air header

Pressure Control Pressure Control

Manual ADS/SRVs using SRVs using the available ™,
available Control Room and Remote Shutdown Panel and
" Remote Switches ~ Remote Sw1tches s

- Inventory Control Inventory Control

Core Spray | RHR LPCI

Decay Heat Removal Decay Heat Removal

RHR Supp. Pool Cooling Mode*
Service Water .~
Core Spray, Alt. SD

RHR Supp. Pool Cooling Mode
Service Water
RHR Shutdown C%%Shng Mode - RHR, Alt. SDC Mode

Process Monitoring

rocess Monitoring Process Monitoring

Supp. Pool Monitoring Supp. Pool Monitorinvg
.. Nuc. Boiler Instru. , Nuc: Boiler Instru.

0. b
Nuc. Boiler Instru-»~

Associated Support F unctibn Ass»éciated Support Functions Associated Support Function
Coolmg S vstems Cooling Systems Cooling Systems
RHR Room Coo ¢ RHR Room Coolers RHR Room Coolers
RCIC Room Coolers
Service Water Pump@l) use Service Water Pumphouse Service Water Pumphouse

. HVAC HVAC HVAC
EDG HVAC EDG HVAC " EDG HVAC
Electrical Electrical Electrical
EDGs or Offsite Power EDGs or Offsite Power EDGs or Offsite Power
Electrical Distribution Electrical Distribution Electrical Dist_ribution
Equipment Equipment : Equipment
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Attachment 2
Annotated P&ID Illustrating SSD System Paths [BWR Example]
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Attachment 3

. Example of Safe Shutdown Equlpment List -
(Sorted by Equipment ID)

Equipment ID

Logic it | Equipment Equipment Description Shutdown

Air
Fail

Power
Fail

Reference

Diagram Type | le . [ Mode(s)
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Attachment 3
(Continued)

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



Attachment4 |
Safe Shutdown Logic Diagram [BWR Example]
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~ Attachment S
Example of Affected Equipment Report.

(Sorted by Fire Area, System, Unit & Equipment ID)

Fire Area: Required Path(s): FA Description: Suppression: Detection:
System Unit | Logic Equipment | Equip | SSD | Equip | Equipment :*;*S(l)utdown\ . Power | Disp | Compliance
Diagram | 1p Type | Path | FA Description | Modegs) Fail Code | Strategy




Attachment §
(Continued)

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
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Attachment 6

Example of Fire Area Assessment Re
(Sorted by Fire Area, System, Unit & Equipm

Fire Area: Required Path(s): System:
Equipment Logic Equip | SSD | Equip | Equipment Normal Shutdown Cable | Disp Compliance
ID Diagram | Type Path || FA Description Mode Mode(s) Funct | Code Strategy




Attachment 6
(Continued)

Fire Area Identifies the fire area where the cables or equlpment are, :
Required Path(s) Identifies the safe shutdown path(s) relied upon to achleve safe shut

System : - Identifies the Appendix R System of which th .
Unit ; Identifies the unit(s) that the equipment supp:
Equipment ID Identifies the equipment/component ID No. fron 1l

Logic Diagram Identifies a safe shutdown logic diagram reference
_ - other system components
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

A brief d1scus on of the method by which the cable is resolved to meet Appendix R compliance.

131



APPENDIX A

SAFE SHUTDOWN ANALYSIS AS PART OF AN OVERALL FIRE
PROTECTION PROGRAM

Al PURPOSE

This appendix discusses the significant 1mprovements tha ¢ been made within
nuclear industry fire protection programs since the Brow Ferry fire. The discussion
will include what defense-in-depth features, in aggreg onstitute a complete and
comprehensive fire protection program and what part{ the safe shutdown analysis plays in
that aggregate. o N

A.2 INTRODUCTION

1
I Each licensee’s fire protection program is based:q/n,'thfe concept of defense-in-depth. The
| Appendix R safe shutdown as i 1

beyond those that are ever expected to;
features. Fire damage and equlpm 1t Al

11 operating U.S. nuclear power
~nuclear power plant was in 1975 at
Changes made in the design of U.S.
e?51gn1ﬁcantly improved the fire safety of these
of events that occurred at Browns Ferry is not expected to

”}bj the U. S nuclear power industry relative to these recommendations.

A3

A3.1 Browns Ferryh “Regulatory History

In March of 1975 a fire occurred .at the Browns Ferry Nuclear Plant Umt 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 protectron programs at each nuclear
facrlrty

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
guldellnes 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 licensees\xprbvide a fi
divided the plant into distinct fire areas and show that systems req
maintain cold shutdown are adequately prote i
each licensee responded with a fire prot
Hazards Analysis. These evaluations and analt
protectron programs that did not conform to the 1

zards analysis that
ed to achieve and

'denﬁturﬁed aspects of licensees' fire
\,RCW gurdehnes Thereafter the staff

licensees, has had extensive conesponaen
reactor. As a result, many fire protectlgn 0
included in fire protection Safety Evalu;

May 23, fire
implementation. S ,) i d expressed continuing disagreement with the

‘ These issues included the
size and training, water supplies for fire suppression
icated shutdown capability, emergency lighting,
sed to enclose places where cables penetrated fire barriers, and
or coolant pump lubrication system fires. To resolve these
stent with the general guidelines in Appendix A to the BTP, and
ly compliance by licensees, the NRC, in May of 1980, issued a fire
protection 0Q:€FR 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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A3.2

 plant components and systems. The loss of

A33

criteria and methodology to be used in the evaluation of each individual plant’s post-fire
safe shutdown capability. S

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, usng%Coz and dry chemical
extinguishers, continued for approximately 7 hours with li flc “sticcess until water was
used to complete the final extinguishing process.

During the 7-hour fire event period, the plant (Units

hampered the operators’ ability to contro
shutdown systems. The operators were,
available means to cool the reactor. Sific
power supplies, the Unit 2 operators began to
were forced to shut down. Since only a small a
the shutdown was orderly and Without incident.

L@i«tbe plant usmg the

‘they help to ensure that events similar in magnitude to the Browns
ot occur again. The improvements in plant design and procedural
operations 1ncorporated since the Browns Ferry fire are described below. The designs
and operatlng@procedures that existed at Browns Ferry at the time of the fire are also
detailed.

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. '

B Failure to evaluate the hazards involved in the penetration sealing operation and to
prepare and implement controlling procedures.
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. B 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.

B 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.

B 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 facilify 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:

e Fire hazards, both in-situ and transient, are ide d and eliminated where

possible, and/or protection is provided.

e Sufﬁc1ent detection systems, portable ve

e Ignition sources controlled.

2. Fire Protection Features:

e Fire barriers and/or automatl SQR

5S10N systems ) ve been installed to protect
the function of redundant systems !

onents neé’g ssary for safe shutdown.

. Survelllance _procedures have beeﬂg’es ed to ensure that fire barriers are in
place and th at:ﬁre suppression systems and components are operable.

those areas
.access and e
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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 p dures and permits.

Controls for the removal of combustibles fro
of work activities, have been established.

Proposed work activities are rev1ewed by n—plant fire prote
on fire protection.

jackets, fire retardant wood products, etc.

Self-c_losing fire doors have been installed.

The toxic and corrosive characteristics of expected products of combustion

\dentlﬁcatnon and location of fire fighting equipment

. %ﬁldentlﬁcatnon of access and egress routes

serifise of fire fighting equipment to be used for electrical equipment fires,
ﬁre?&‘ cable trays and enclosures, hydrogen fires, ﬂammable liquids fires,
hazardous chemical fires, etc.

* Proper use of communication, emergency llghtmg, ventilation and breathing
equipment

= Review of detailed fire fighting strategies and procedures.
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5. Post-Fire Safe Shutdown Capability - ' '

e 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.

e 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.

e (Cabling for redundant trains of safe shutdown equipm 1
hour fire rated barriers. In areas where 1-hour ratedbarriers are used, additional
Ic suppression system.

o Where redundant trains of equipmen necessaryg
located in the same fire area and adequate protection for one t
achieved, an alternative or dedicated™ ¢
established as follows:

Alternative or dedicated fi .are capable of achieving and
main'taining subcritical reac ‘onditions in the%‘eactor maintaining reactor
i ining hot ‘or cold shutdown conditions

The changes made to the plant fire protection programs in response to the Browns Ferry
fire as desc’i“' ribed aboyve provide reasonable assurance that the plant design and operation
will be safe frem thé’effects of fire. When these changes are integrated into an approach
similar to thatv tlined 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:they Just1ﬁcat10n for the
criteria provided in Chapter 3 for evaluating circuit failu within a deterministic
analysis. This appendix serves to identify the type it failures that need to
be considered as part of a deterministic analysis dentifies how these
circuit failure types need to be considered in i
a nuclear power plant.. In addition, ag
supporting the elimination of multipl
deterministic analysis criteria. Referer
sponsored fire test results is made to suppor

" circuit failures should be considered as ¢
evaluation.

B.2

Within this envelope of fire safety, licensees also perform a SSA that
dew yonstrates the ab111ty to achieve and maintain safe shutdown in the event of a
smgl%%ﬁre in an \plant fire area. The typical assumption associated with the
determ1mst1c SSA’is that the fire damages any equipment or circuits contained
within the fir¢’area. This assumption, when evaluated in light of the defense-in-
depth apprgach 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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_approximately 700°F For thermoplastl

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 demonstraté 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/EP ﬂ%esting, the NRC
conducted the CAROLFIRE cable testing program. ;

S e+
25

Each of these cable fire testing programs demonstrated that hot shorts resulting in
spurious operations were possible. The probabllltles dev d to capture the
likelihood of a hot short resulting in a, spurlous operation, however, were
conditional and based on the subject_ cable being damaged fire. For
thermoset cables, cable damage occurred,when the cable temperature, réached
’ f,le damage occurred when
n either of these ‘cases, cable
ly 15 to 30 minutes to occur.
>’potential to cause a spurious
ing much less than 10

cable temperatures reached approximately 4@0°F
failure was not instantaneous, but took approxi
When cable damage did res a hot short with t
operation, the hot short was short duratio
minutes in the worst case.

The initial curson @assessment of %}%e t’xt resul ‘was that the had demonstrated
187 @,@f y

[

%&«wm

g
operatlons urrmg sxmultaneously

The deﬁmtlon of a design basis fire in a deterministic analysis is in
direct conflict thh the assumption historically used by licensees and endorsed by
the NRC of 're spread throughout the fire area. Second, using a conditional
probability f a hot short and spurious operation predicated on the fire damaging
the cable dlrectly 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:

e 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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B.3

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.

e 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- awtlme basis is not that
unreasonable for circuits with some degree pa 1

e The current assumption that each conducto each cable within the fire
area must be evaluated for the effects of.a hot short, a short to-ground and
an open circuit 1s a conservatlve assumptlon Since thete v mg showed that

Fmally, given the less than predlcta
any cable to the damaging effects o

in the combination of s spu
system level spurious opera

In thlS appendix, the cable ﬁre test results will be examined to determme how the
deterministic criteria, historically .used for post-fire SSA circuit failures,

0'.be adjustea to maintain an appropriate level of fire safety and design
conservatlsm g

CIRCUITng AILURES 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:

o Identifying Required Safe Shutdown Systems
e Identifying Required Safe Shutdown Equipment
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e Identifying Required Safe Shutdown Cables
Identifying Physical Plant Locations for each

e 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:

area 1s assumed.

e All unprotected equipment and cables wi
be damaged by the. ﬁre

Hot Short
ngh Impedance Fault (NEI CFITF has recommended that con51derat10n
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:

e Power circuits that provide motive power to components once a control
circuit properly aligns the component to its bus.
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e Primary control circuits that provide operating signals to specific
components.

e Secondary logic circuits that prov1de input through auxiliary contacts to
primary control circuits based on instrumentation feedback from plant
instruments. ' '

e 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.

* Instrument circuits that provide either indication e
primary control or logic circuits.

3perators or input to

Typically, an open circuit in any of the 01rcu1t types ibed above has the
potential to result in a loss of functlon for the circuit: type.

way that fire —induced circuit fallures can ‘result in a loss of power to componerts
powered from electr1c sources upstream*’“fromﬂ the affected circuit. Wlth MHIF

NRC and Industry
1s not credlble and,

ource desfég'ﬁed for that purpose. As a result, hot shorts have the potential
ously stqrt’[étop or open/close components. Depending on the affected

Solenoids valves 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 function.
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 prlmary circuit failure of
concern. This is true because hot shorts have the potential to cause equipment to
change state to an undesired position that can resul nditions such as, flow
diversions form reactor vessel make-up or decay héat removal systems being used
in support of post-fire safe shutdown. The grp components falling into this
category has been described by the NRC i Generlc Letter 81-12 as Associated
Circuit — Spurious Operation. Within the-post- -fire SSA, it become _difficult to
completely dlstmgutsh Safe Shutdow omponents\ from component‘ classified

re SRVs and Low Pressure
n, path for achieving and

INSIGHT FR@M CABLE FIRE TESTS

B.4-1 NE;;/EPRI 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
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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 P gram Open circuits do
not appear to be a credible primary cable failu mod¢ for fire-induced
cable faults. ‘

° Statistical characterization of fire-induced _cable“failures is achievable.

General trends are predictable and: prlmary ?r&él%gﬂuence factors are

understood. However, probability €stimates still carry.a relatlvely high

uncertainty "

internal hot shorts. An important outcome of the tests is that no external . i

understandmg of the f 1t
current state of knowledg

tray fill; conductor

| afire is highly likely d’be effectlve at accomplishing the desired function.

Preplanned high value actions have a high probability of success and
should’. reduce both dikelthood and consequences of serious fires.
Slmllarly, early p/ c-emptive action for high risk spurious operation
componentswﬂl s1gn1ﬁcantly reduce the risk posed by these components.
Spurious operatlons are a transient and finite event; ultimately circuit
ndltlon ~will degrade to a point that a ground fault de-energizes the
ductor.  Postulating that spurious operations will last
mde nitely in the absence of intervening action appears to be unrealistic.
Probablhty 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 1V2$1ona1 separation,’
proximity of cables for redundant trains should” preclude the negative
effect of multlple spurious operations at the ,ponent and system level.
thin: common cable in a
Conductors for
mon cable or

ory requirements for
: %f the cable fire testing,

conservative. F1rs’@¢6§%:all no cases 1nvolv1ng open circuits were identified.
The approach outlined in NEI 00-01 Revision 1 required that open circuits
be postulate’d for each conductor in each safe shutdown cable on the
equlred fe shutdown path in the fire area. Secondly, in the testing hot
' in cables in conduit was deemed to be unlikely. The approach
'd'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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3.)

4.)

00-01 provides a list of the MSOs that should be considered in a post-fire
SSA. '

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 address d‘thls Given that
redundant train functions are not included within:the same cable, not
combining the effects of these hot shorts is notiviewed as a serious non-
conservatism. Based on the testing, when t intra-cable conductor-to-
conductor shorts occur, however, they take appr0x1mate1y 15 to 30
minutes to occur and they last for app,f mately 10 minutes. This aspect
of the testing renders the criterion if 1'the approach outlined E1 00-01
Revision 1 requiring the assumption of a hofishort lasting until:anzaction is
taken to isolate the fault to be conse ‘ "1s‘aspect of the i

The‘combmed opinions of a number of the Expert Panel Members
concluded«\that best estlmate for the overall likelihood of a spurlous

etween 0.0001 [Brady Williamson] and
Secti ; Teehnrcal Summary]. This is consistent with
previousfyyfpublis information suggesting that the probability of a hot
short/spurious operation was 0.068.

he testing onfirmed that the degradation threshold temperature for
rmoplastic cable was approximately 400°F and for thermoset cable was
app roximately 700°F. This is consistent with the previous test results,
partxcularly 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 th“? failure mode is

P

considered to be substanttally less likely than intracable shorting."

"*B as quoted”%“dlrectly from the RIS:
%

(

able shortzng of thermoplastic cables.”

e
t

sthe avallable data w1th respect to Bin 2 Item B the
IRE prOJect has reached the following conclusions:

horting between two a TP-insulated cable and a TS-
£ le that could cause hot shorts and the spurious operation of
ibment was found to be a plausible failure mode, although the
100d of this failure mode is low in comparison to intra-cable short
czrcuzts 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 Ifem 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 for establtshmg an a -
. priori limit to the number of spurious operatio at mtght occur during
a given fire. We further find that the timin purious operation is a
strong function of various case-specific factors ding in particular
the relative location of various cables relatzve oithe. fire source, the
routing configuration (e.g., penﬁ% *'ble irays or
conduits), the thermal robustness of the cables insulation n
the characteristics of the fire source. :

erial, and

,'rce conductors, since
the likelihood of spurious
two or more) concurrent

szzed CPT. We further find that, as with non-CPT cases, the timing of
spurtous 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 (AOVs) 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@ 5 the CAROLFIRE
project has reached the following conclusi

While the available data cannot definitive upporl;the conclusion that
no hot short would ever perszst for ‘gredter than 20, minutes,  the
avallable data do provzde a str baszs for concluding t,: hot shorts

example, a normally cioSed MOtOr Operated Valve might well remain
open or parttally open’ ‘even afte t short-induced spurious
: oid Operated Valve would

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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2)

3)

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 “prox1m1ty” 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.

AddreSsing Cable Faults for all cbndhcg" each safe shutdown cable:

The CAROLFIRE test1
approach outhned in N ;

post-fire

' Dﬁration«‘éﬁd timing of the hot short causing a spurious operation:

The, CAROLFIRE testing prov1ded 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.

i
14 i
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Affect of Testing on Prior Beliefs about otherlaspects 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 indicati
given temperature environment will behave similar};
cable damage and conductor to conductor hot shotting to“occur is a
function on many variables. Cable failures and hot.short are random
occurrences that cannot be accurately predicted by

variable such as temperature in the vicinity of the cabl

2

that all cables in a

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. ‘

B
R

». Provided an indisputable basis for not requiring the types of changes to the

t-fire s}afe shutdown fire-induced circuit failure criteria proposed by the
¢ in draft 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 hst of the MSOs that should be considered ina
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 occurrénce of" fire-induced hot
shorts is a random event, not predictable ing a single variable
such as air temperature in the vicinity of a ¢

to each other are unhkely to oceur in
S requlred tor MSOs w1thou
> Fire, Protection Defense-in-Depth
uﬁ the concern should be limited to

intervention by other aspecté of
Program. MSOs are also possible,

~ induced hgt short will be sustained and the fact that the hot shorts are,
* generally, followed by a short-to-ground.

d 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.



B.6

B.7 CONCLUSIONS:

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

y. 4

CONCLUSIONS RELATIVE TO CIRCQIT TYERE

for each circuit type are contat

The crlterla pr%lded in Table B.]

wér c1rcu1try The criteria provided in Table B.1-0,
the information m Table B.2, provide a comprehenswe

criteria- toﬁ
h
fire area. =

The overall conclusions of this appendix are as follows:

o 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

ing:able to assess the
level to which compliance is achieved. ,

current circuit failure criteria applied 1
mformatlon contained in NRC IN 9

to these two topics h
proposed in draft NRC

A more plausible and eff

NRC IN§99§§7W the CAROLFIRE Cable F e:;festmg Program and the
/NEI Cable:F




Discussion;

Table B.1-0

Changes from Revision 1 to Revision 2 of NEI 00-01 based on NRC & Industry Cable Fire Testing

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 impact 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
NEI 00-01 Revision | will be adjusted for inclusion into Revision 2 of NEI 00-01.
concern are based on the results of the NRC and Industry Cable Fire Testing.

Recommended elimination of need to
address

No indication that these can occur in the
combinations required to present a "
concern

The adjustments made to the fire-induced gircuit fai

Not Requ
fire SSA.

Using the insights gained from:the NRC and Industry Cable Fire Testing, the table below shows how the original requirements of
criteria and the assumptions regarding the timing of damage to the individual circuits of

Appendix B-1 provides additional justification for the industry position
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-1

3 phase hot shorts

Need to assess for Hi/Lo Pressure
Interfaces

No indication that these can occur in th
combinations requxred t present a
concermn ;

“Iifegulatory precedent for this issue.
i ;

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 simultaneously.

Proper polarity DC
motor hot shorts

Need to assess for Hi/Lo Pressure
Interfaces

Néed to assess for Hi/Lo Pressure
Interface Valves only, due to the
regulatory precedent for this i 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 simultaneously..

Open Circuit

Need to assess for all safe shutdown
components .

indication thatthe;
L e
circuit failure,

Need to assess for all safe shutdown
components, due to the regulatory
precedent for this issue.

10CFR 50 Appendix R Section IIL.G.2 requires consideration of.open
circuits.

Short-to-ground

Open Circuit

Need to assess for all safe shutdown
components. Need to assess for
Associated Circuits — Common Power
Supply.

Need to assess for all safe shutdown
components

duration

No indication that these can occur, as a
primary circuit failure

Need to assess for all safe shutdown
components. Need to assess for
Associated Circuits — Common Power

Need to assess for all safe shutdown
components

10CFR 50 Appendix R Section I11.G.2 requires consideration of shorts-

to-ground. NRC Generic Letter 81-12 requires consideration of the

upstream effects of hot shorts under the requirements for Associated

Circuits — Common Power Suj
R

10CFR 50 Appendix R Section I11.G.2 requires consideration of open
circuits.

Short-to-ground

Need to assess for all safe shutdown
components

Will occur as a primary circuit failure or
as a sequel to a hot short of limited
duration

Need to assess for all safe shutdown
components,

10CFR 50 Appendix R Section [11.G.2 requtres consnderatlon of shorts-
to- ground
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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

¢st Reslts

Need to assess for all safe shutdown The potential for a hot short is determined Table B.2-0 provides the criteria for the number of hot shorts that need
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
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
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

- generic
without consideration
of cable and/or raceway
characteristics

’

must be evaluated and addressed.

Inter-cable hot short
- thermoset

Need to assess for all safe shutdown
components. Not specifically addressed,
but included under the overall criteria for
addressing a hot short.

Very limited potential of occurrence.
Probability is very low compared to intra-
cable hot shorts.

Need to assessifor 2
components™

:$afe shutdown

See footnote 1 below.

Inter-cable hot short
— thermoplastic

Need to assess for all safe shutdown
components. Not specifically addressed,
but included under the overall criteria for
addressing a hot short.

Very limited potential of occurrence.
Probability is very low compared to intra-
cable hot shorts.

Need to assess for all safe shutdown .«
P 329
omponents.

See footnote 1 below.

Intra-cable hot short
- thermoset

Need to assess for all safe shutdown
components. Not specifically addressed,

‘but included under the overall criteria for

addressing a hot short.

Need to assess for all safe shutdown
3l components.

See footnote 1 below.

Intra-cable hot short
— thermoplastic

Need to assess for all safe shutdown
components. Not specifically addressed,
but included under the overall criteria for
addressing a hot short.

Inter-cable hot short
— armored cable

Need to assess for all safe shutdown
components. Not specifically addressed,
but included under the overall criteria for
addressing a hot short.

Need to assess for all safe shutdown

components.

See footnote 1 below.

Not required to be addressed.

See footnote 1 below.

Intra-cable hot short
- armored cable

Need to assess for all safe shutdown
components. Not specificalty addressed,
but included under the overall criteria for
addressing a hot short.

given time/temperature environment does
not necessarily gué‘ra'mee occurrence.

Need to assess for all safe shutdown

components,

See footnote 1 below.

Inter-cable hot short

Need to assess for all safe shutdown

Not required

Not required

See footnote | below.

"
=

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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le B.1-0

Tab

Changes from Revision 1 to Revision 2 of NEI 00-01 based on NRC & Industry Cable Fire Testing

—raceway to
raceway

but included under the overall criteria for
addressing a hot short.

Intra-cable hot short
- conduit

Need to assess for all safe shutdown
components. Not specifically addressed,
but included under the overall criteria for
addressing a hot short.

Potential to occur, if cable is damaged,
but actual likelihood of occurrence is a
function of many variables such that a
given time/temperature environment does
not necessarily guarantee occurrence.

Need to assess for all safe shutdown
components.

See footnote 1 below.

’

Inter-cable hot short
— thermoset to
thermoplastic

Open Circuit

-| addressing a hot short

Need to assess for all safe shutdown
components. Not specifically addressed,
but included under the overall criteria for

Need to assess for all safe shutdown
components.

Very limited potential of occurrence.
Probability is very low compared to intra-
cable hot shorts.

See footnote 1 below.

Assuring selected instruments (Referene NRC IN 84-09) are protected
from the effects of fire in each fire area is an effective strategy for
addressing the effects of a hot short using this criteria.

Short-to-ground

Need to assess for all safe shutdown
components.

Not specifically tested.

Assuring selected instruments (Reference NRC IN 84-09) are protected
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
components.

Not specifically tested

Assuring selected instruments (Reference NRC IN 84-09) are protected
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

Tifpes of Fire-induced Circuit Failure Required for each Circuit Type

Hot Short No 1mpact from a smgle hot short ona3

phase cables

Spurlous Operanon ofa smgle
component with 3 hot shorts\ofthe
proper polarity on a 3 phase cable

There is no need to c0n51der a hot short on

power circuits, except for hi/lo pressure
interface valves where 3 hot shorts of the
proper polarity must be aggumed.

NRC Generic Letter 81-12 dlscusses hi/lo pressure interfaces. NRC
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

of upstream loads

No additional impacts from
multiple/simultaneous shorts-to-
ground

Consider a single short to-ground on each
conductor in each affected cable. Need to

Laoss of upstream loads is addressed by the requirement of Generic
Letter 81-12 for Associated Circuits — Common Power Supply [i.e.
breaker coordination]

Open Circuit Loss of power No additional impacts from

multiple/simultaneous open circuits

Spurious operation of the component
from different conductors and/or

Hot Short Spurious operation of the component

circuit. In almost all cases, howeve
for this to occur input from a hot

short in a secondary contro! circuit is
required. (See com

Consider an individual

cases involving High/Low pressure

each conductor.i

i §ach affected cable in
t

uation is necessary except for any

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

, single hot short on

low probability to be considered unrealistic and beyond the required

This effect is bounded by the effects of a short-to-ground, since the
short-to-ground causes a loss of power and has the potential to affect
upstream loads.

The input from a secondary control power circuit will require a hot
short in that circuitry. Both the hot short in the primary and
secondary control circuit must co-exist and once the hot short in the
secondary control circuit goes to ground the effect of this hot short on
the primary circuit will be eliminated. Assuming this condition of
sequentially selected fire-induced circuit damage is of sufficiently

design basis given the results of the NRC & Industry Cable Fire
Testing

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. [f 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 éach Circuit Type

located in the samélticonductor cable.
[Ref. RIS 2004-03 Rev. 1]

Short-to-ground

Consider an individual, single short-to-
ground on each conductor in each affected
cable in a grounded circuit, Consider the
combined effects of shorts-to-ground if
conductors are locate the same
-multiconductor 4ble in the primary

Loss of control power/function in
grounded circuits

For ungrounded circuits an additional
concurrent shorts-to-ground may be
required in order to cause a loss of
control power.

For ungrounded circuits, two shorts-to-ground are required for the
loss of control power. The recommended approach either assumes or
evaluates for a second short-to-ground causing a loss of control
power in the components controt circuit for ungrounded circuits.

Open Circuit

S
Hot Short

Loss of a single control function, e.g.
loss of manual start/stop, loss of auto-
start/stop, loss of indication

Loss of multiple functions within thé;

control circuit, e.g. loss of manual

start/stop, loss of auto-start/stop, loss

of indication C

located in the §éame multiconductor cable

in thg primary circuit.
oy

S S

Feuits: including:instraients|
Spurious operation of a primary

component provided the contact that is
closed has this direct effect on the 1
primary circuit.

Consider an individual, smgle hot short on
each conductor in each affected cable in
the circuit. Consider the combined effects
of hot shorts if conductors are located in
the same multiconductor cable in the
secondary circuit.

For ungrounded DC circuits, if it can be
shown that only two hot shorts of the
proper polarity without grounding could
cause spurious operation, no further
evaluation is necessary except for any
- ; cases involving High/Low pressure
interfaces. [Ref. GL 86-10 Encl. 2

Question 5.3.1]

This effect is bounded by the effects of a short-to-ground. Typically
losing a single control function, other than indication, is sufficient to
require a mitigation strategy for the affected cable. The simultaneous
loss of multiple control functions within a single cable does not make
the situation more adverse from a post-fire safe shutdown
perspective, i.e. if a manual starting or stopping of a pump is the
required safe shutdown function, assuming both occur simultaneously
is no worse than assuming each aceurs mdmduall

The input from a secondary control power c1rcu|l “will require a hot
short in that circuitry. The hot short in the secondary control circuit
must either have a direct effect on the primary circuit or it must co-
exist with another hot short in the primary circuit. Once the hot short
in the secondary control circuit goes to ground the effect of this hot
short on the primary circuit will be eliminated. If, however, the .
component controlled by the primary circuit has already changed
position, the spurious operation will not be reversed by the
elimination of the hot short in the secondary circuit. Depending on
the damage to the primary circuit by other fire-induced effects,
reversal of the position of the spuriously operated component may be
possible.

For multiple hot shorts within secondary circuit to cause a spurious
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

For cases involving direct current (DC)
control circuits, consider the potential

spurious operation due to failures of the
control cables (even if thek

dfwnth*secondary cifcuits
lt in a spurious operation

lhe'determmauon about the operator’s
abllgy to override the effect of the

";y :hot shorts in the secondary
f an additional fire-induced circuit
iliire in a separate cable is required to
éfeat the operator capability, then it may
be assumed that the override capability is
available when needed by the operator.

multlple hot shorts must co-exist and either have a direct effect on the
primary circuit or co-exist with another hot short in the primary
circuit. This condition of sequentially selected fire-induced circuit
damage is of sufficiently low probability to be considered unrealistic
and beyond the required design basis given the results of the NRC &
Industry Cable Fire Testing, except for the case of multi-conductor
cables in secondary circuits that have a direct effect on the primary
circuit and that cannot be overridden by an operate action in the
Control Room without assuming any additional fire—induced circuit
failures on a different cable.

Short-to-ground

Loss of control power/function in
grounded circuits

required in'g;
control power

Forurigrounded circuit
concurrent:shorts-to-groi

ind may be
T to cause aloss of

Consider an individual, single short-to-
ground on each conductor in each affected
cable in a grounded circuit. Consider the
combined effects of shorts-to-ground if
conductors are located in the same
multiconductor cable in the secondary
circuit.

Additionally, either assume a second
short-to-ground exists in an ungrounded
circuit resuiting in a loss of control power
or evaluate for an actual fire-induced
cable impact with the potential to cause

For ungrounded circuits, two shorts-to-ground are required for the
loss of control power. The recommended approach either assumes or
evaluates for a second short-to-ground causing a loss of control
power in the components control circuit for ungrounded secondary
Tircuits,
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Table B.2-0

Types of Fire-induced Circuit Failure Required for each Circuit ije

the second short-to-&round in the fire area.

Hot Short

No 1mpacl on the c1rcu1t

No additional impacts from
multiple/simultaneous open circuits.

No 1mpact on the circuit

Consider an individual, single open circuit
on each conductor in each affected cable
in the circuit.

Short-to-ground

Loss of control power/function with the
potential for tripping of upstream loads

No additional impacts from
multiple/simultaneous shorts-to-
ground

-to-ground in an ungrounded
SS, of comrol power.

Open Circuit

Hot Short

Loss of control function

Erroneous readmg

No additional impacts from

ider an individual, single hot short on
each .conductor in each affected cable in
the c' it.

or instruments performing a control
ction, assume the signal affects the
respective contact in the control circuit in
a worst case manner for safe shutdown.

To address this for instruments providing an indication only function,

_For instruments performing a control function, assume the signal

for each fire area identify the specific instrumentation that is
protected from the effects of fire. Capture this information in the
post-fire safe shutdown procedure so that the operator can distinguish
an erroneous fire-induced reading from a valid readmg based by
looking at the protected instrumentation.

affects the respective contact in the control circuit in a worst case
manner for safe shutdown.

Short-to-ground

Loss of reading or contro! function

No additionial impacts from
multlple/Slmultaneous shons to-
ground

Consider an individual, single short-to-
ground on each conductor in each affected
cable in a grounded circuit.

Assuring selected instruments (Reference NRC IN 84-09) are
protected from the effects of fire in each fire area is an effective
strategy for addressing the effects of a short-to-ground.

Open Circuit

Loss of reading or control function

No additional nnpacts from
multiple/simultaneous open circuits.

Consider an individual, single open circuit
on each conductor in each affected cable
in the circuit.

Assuring selected instruments (Reference NRC IN 84-09) are
protected from the effects of fire in each fire area is-an effective
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 /

25
This appendlx is prov1ded to demonstrate tha

to serve as a generic ana1y51s for 2
is recognlzed as a viable mea

B.1-2.1

2 MHIFs are a unique type of common power
ssomated ClI‘CUIt issue; as dlscussed in Section B.1-2.2 below.

B Guide 1. 189 (Section 5.5.2) [2] reiterates the NRC’s position that MHIFs
should be con51dered in the evaluation of common power supply associated circuits. Of
importance is. the" regulatory guide’s endorsement of IEEE Standard 242, [EEE
Practices for Protection and Coordination of Industrial and Commercial
Power Systems, [7] as an acceptable means of achieving electrical coordination of circuit

2 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.
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power supplies is the primary means of addressing common power supply associated

' protective devices. Confirmation of adequate electrical coordination for safe shutdown
~ circuits.

B.1-2.2 Defining the MHIF Concern g,

The MHIF circuit failure mode is an offshoot of the cot 0on power supply associated
circuit concern. A common power supply associated 1rcu1t*«1s n31dered to pose a risk

fuses).

The accepted method for evaluating the pot talgl
b associated circuits is a Coordingtion Study. A coordlnatlon study involves a review of
otective devices assomated with the electrlcal power

current.® In cond
a single event.

e. Slnce HIFs are not rapidly cleared by protective devices, the
imultaneous HIFs should be considered in the analysis of

from mu1t1ple sunultaneous HIFs can exceed the trip point of a safe shutdown power
supply 1ncommg protective device, causing it to actuate and de-energize the safe

3 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- 51de) protective dev1ces clear
individual circuit faults.

Figure B.1-1 111ustrates 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 ch cables and scenarios are
potentially susceptible to MHIFs. However, this type’ spatial” analysis typically
“involves a highly labor-intensive effort to trace the routing of hundreds of non-safe

shutdown cables. Furthermore ongoing configuration“control of siich analyses is overly
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Figure B.1-1
Example MHIF Sequence

Fire Area A j":; Fire Area B

Safe Shutdown
Power Supply

Safe Shutdown
Power Supply

|2 3 |4|5|é|7 . Ll T 1]
l)' ) ) ) ) : '

y YVYVvVY

Non-Safe Shutdown Equipment B-1 @

Safe Shutdown
Equipment

Saw shutdown components A-1 and B-1 are redundant, as are A-2 and B-2. Afirein Fire Area B is

U rend r.B-1 and B-2 inoperable, and thus A-1 and A-2 are credited as available for safe
-Breakers 4 — 7 supply non-safe shutdown equipment via circuits that traverse Fire
is assumed to create high impedance faults on several of these circuits
simultaneous y 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- energ|zed causmg 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'thewg%g~ hnical validity of MHIFs.. The

" NRC’s concern with MHIFs can be traced to %N%&ember 3 984, NRC internal

correspondence [3]. The stated purpose of the¢
paper which can be used in the evaluations
describes the MHIF issue as an “ a
concern in much the same manner as covere
that the document 11m1ts the issue to AC power

“...present one
The paper

dar guments This approach is deemed acceptable within the framework
of a determmlstlc analysis and is not without precedent.”! However, consistent
with risk-informed decision making, consequence of failure shall be addressed by

# 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.

;o ®  Analysis uncertainty must be included in the evaluation to ensure conservative
application of results.

B.1-3 ANALYSIS METHOD AND APPROACH

chart of Figufe B.1-2.
2 _pect of this ana1y51s 1S

standards and other acknowledged mdus”‘

P . E U
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. Figure B.1-2 | ‘
MHIF Analysis Flow Chart

Establish Analysis
Criteria and Principles

Characterize
\ Fire-Induced Cable Faults

Analyze
MHIF Concern

&

Step 1 — Esta i‘lish“s"'Analysis Criteria and Principles: Analysis criteria and relevant
engineering principles 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 behavior of fire-induced faults is
ermine if and under what

B.14

The criteria and engineering prmcxples that fo
below.

1. The legitimacy of the MHIF cgﬁx
HIFs that are not readlly detect ’Q

device [1, 4]

T O] For this reason, industry has not established nor endorsed any
particular a nalytical approach for MHIFs. Acknowledging the lack of consensus
industry standards and conventions, this analysis relies on objective evidence and the
apphcatlon of recogmzed 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: '

®m  Regardless of make, model, or vintage, electrical protective devices conforming
to the Approval, application, and test/malntenan%e Q%;irements specified for the
Base Case can be expected to function in the manner.credited by this analysis [5,

' 7, 9] s

m  Electrical power systems S%’f\lsfying“ the design .and performance
requlrements specified for theﬁase Case will respond to lectrrcal faults

4. This analysis assumes that electrical protection ﬁﬁ coordination have been achieved
following the guidance of ANSI/IEEE 242, or other acceptable criteria. Regulatory
Guide 1.189 recognizes this ANSL standard as the primary reference for this subject.
A more detailed investigation into- ]

a substantial number of tests and|
analysis [13 — 22].
behavior of hi

cent industry and NRC tests [3, 7] is considered
clear plant installations. The test parameters (including test
1 conﬁgu tion, and phy51cal arrangement) were specrﬁcally tallored

~ factors 1n ude,s"ﬁ’ch things as fault geometry, system characteristics, environmental
conditions,;gzanzd 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 studiés [3, 12, 13 - 22].

The primary test data relied upon for this MHIF analysis is the recent nuclear indilstry
and NRC fire tests [3, 12]. The electrical circuits for thesettests were 120 V, single-
phase limited-energy systems. The analytical results] for the 120 V data indicate
these low energy circuits behave dlfferently thanﬁgl}xgk nergy circuits operating at

cifcuit mlg%t last seve al seconds as demonstrated by the test results. Note that
the final cascading 4ailure is typically preceded by a period of much slower
sulatxon degradatxon During this phase of degradatlon the cable can be

)l circuits. The point at which the slow, low level degradation transitions
to rapld 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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m  Arcing faults become increasingly more likely as system voltage increases
because of the higher voltage gradient and longer creepage distances.” 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 Se

8. High impedance faults on conductors of power systgxfis\ yerating at 480 V and above
manifest themselves as arcing faults [13 — 22]. Thus, the’éﬁg%‘%lysis of postulated HIFs
for these systems assumes an arcing fault (det 'l‘ed%&discussm%g ntained in Section
B.1-6.1). The bases for this position are: & :

B ) '
m  Asdiscussed in Item 7 above;: the‘,;nghly energetic:
power systems results in a 51gn1ﬁcant release of en

sh of s1gn1f1cant property losses and extensive outages resulting
ng electrical faults. These studies significantly increased our
igh energy faults and resulted in numerous changes to
rical protection practices (primarily IEEE 242). High impedance,
ere not observed by these studies. '

* Creepage distance is defined as the shortest distance between two conducting parts measured along
the surface of the insulating material.
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4

' 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 analys1s and ensures results are
not inadvertently applied to conditions not considered in the stu d%

The following requirements constitute the Base Case conditions inherent in this analysts:

m  For the power supply in question, electric ’
supply-side overcurrent protectlve dev1ce(s)
dev1ces of concem26. Achle

m For 120 V AC and 125 V D POWeLSUp §

oy

coordlnatlon awmmlmum 51ze ratlo %an 2:1 shall

"2¢ 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.

i
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. 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 gandard (fuses, molded
case circuit breakers, circuit protectors, GFI de ces) or be designed and
constructed in accordance with applicableZANSI and NEMA standards
(protective  relays, low and :

n Proper operatxon of the overcurrent dev1ces%fshall e ensuredb ropriate testing,

......

" The electrical system associated with the ji)ow 11 Gguestlon shalli conform to a
recognized grounding scheme. Recognized I clude solidly grounded high
impedance or resistance grounded, or ungrounded.

B.1-6 CHARACTERIZATION OF FA

B.1-6.1

B.1-6.1.1

EPRI/NEI&

When driven ilure, cables followed a predictable and repeatable sequence. Initial
degradation was first observed as -a relatively slow reduction in insulation resistance
down to approximately 10 kQ — 1,000 Q. 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 tramsition phase. In the transition phase, the fault
undergoes a cascade effect and the rate of insulation resistance (IR) degradation increases
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leakage current ramps upward quickly. The fault resistance associated with this phase is
approximately 5 kQ down to 600 Q. Note that at 600 Q 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, causmg the fuse to ope ”aﬁg e-energize the circuit. This
nds: gr low- -energy 120 V

. ~ significantly, causing fault resistance to drop rapidly. The circuit remains functional, but
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\ circuits. Figures B.1-3 and B.1-4 show current
cables driven to failure.

Figure B.1-3
Fault Current for Flre-lnduced Cable Failure

1 Cable FaiI‘ure Characteristics (Test #8)
? 100.000 l |
P 4 N % A || e DA #1 M
/]
: : . 10.000 e DA #1 52
; Fault Current (Amps) f / DA #1 S1
1.000 /M AN A wieme DA #2 M
e / : / —3— DA #2 S1
: 0.100 —— —a—DA#3 M
| L L A
’ y 5 ? x # 4 e
I 0.010 . K 4
? _ v Fuse did notclear ~\*
) -0.001 - r i XS SOy s
|
0.000 . - .
0.0 0.2 0.4 0.6 0.8 1.0 1.2 14 1.6 1.8 2.0
Time (Minutes)
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Figure B.1-4
Fault Resistance for Fire-Induced Cable Failure [|#
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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 typlcally took longer and did not produce%predlcable final fault
resistances. This behavior can be seen in the NRC/SNL d aﬂn which the test circuit was
limited to 1.0 A. This observation leads to the Base Cas. ondmon that the power supply
must be able to produce sufficient fault current to ensure the@ ective devices operate
predictable. :

A key observation. of the failure characterlstlcs is that once the 1nsulation reS1stance
enters the transmon phase it does not hang p at an' termediate poin fascades to

rial exhlblted shightly different characteristics.

atistics for the amount of time it took to clear the fuse once current
had reach certaig}é}fhreshold level. The clearing times are shown for three thresholds:
0.25 A, 1.0 ”d"‘kz 0 A. The 0.25 A level was selected because it represents the
approximate 1‘% r bound of the transition phase. 2.0 A was selected because it
represents a ctrrent 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.
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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

Current Threshold

Thermoset Cable
Population
Average

Range

Std Dev

2 Std Dev

Thermoplastic Cable

Population

Average , 012 | 0.10
Range 0.1t603 0. 0.1
Std Dev 0.07 . 0.00 0.00
2 Std De 0.14 0.00 0.00

are highly conservative. Thé sample rate for the test

o

cal values is completely incorporated into the values.

determining the%g e

& - .
m  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.

m  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.

m  Once fault current for thermoset cable exceeded 2.0 A, thejav.
min, with a 95% (2 standard deviations) upper bound of:0. 4 mi
that 95% of the faults cleared within 24 sec. . s;%

e clearing time was 0.14
irom this it can be stated

m  Thermoset cable fails much more quickly than,t ‘rmopla_stic 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 fu 'within a spemﬁed tlme Thls tabulation is shown in
Table B.1-2. ~ :

Viewed from this perspective, the data represent no go or success — failure data
set. "In this format thez-data is readily analyzed in r useful in addressing the MHIF
concern. The table i lmterpreted as follows: For- thermoset cable, once fault current
reached a levelf%’of 0.25 A, 62.7% of the faults were cleared within 0. 2 min; 78.7% of the
faults were cleared. w1th1n O 5 min; and so on.:
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Table B.1-2

Probability of Clearing Faults Within a Specified Time

Percentage of Faults:€leared

Time (min) 0.25 A 1. 20A
Thermoset Cable
0 0% ~0:0%
0.1
0.2
0.3
04
0.5
0.6
0.7
0.8 )
1.0 " 100.0%
1.5 100.0%
2.0 100.0%
Thermoplastic:.Cable !
S50 0 E 0.0% 0.0% 0.0%
> 100.0% 100.0%"
100.0% 100.0%
100.0% 100.0%
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Figure B.1-5

Percent Faults Cleared for Specified Time — Thermoset Cable

_Faults Cleared (%9 -

100.0%

90.0%

80.0%

70.0% -

60.0%

50.0%

40.0% f

30.0% l

—e—0.25A
o 1.0 A

mmatyenn 2.0 A

20.0% -
10.0% -

000/0 &) T T

T T

06 08 10

T T T T

1.2 14 16 1.8

Time to Clear Fuse (min)

2.0

B.1-27




NEI 00-01 Revision 2 - Draft
December 2007

Figure B.1-6 ‘

Percent Faults Cleared for Specified Time — Thermoplastic Cable
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shows that the 1.0A curve is approaching the 2.0 A curve. This
graphically;illustrates 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, gonswiermg the llmltatlons of
the monitoring circuit, the actual times are less than indit

m  From the 1A current threshold only one fault t60k longer than 2 min to clear — it
cleared in 2.1 min. 4

a confidence level in the results. The dataset confg o the requ1rements for a binomial
e mterval will be used to assess

n = Sample populatzon
W"w
umber of observations failing criteria

Desired confidence level factor (1.96 for 95%)

Table B.1-3 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% Confid

€ (min)

Tim

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

1.0

1.5

20

wer Confidence Limit
1.0A 20A
0.0% 0.0%
67.9% 82.3%
79.0% 84.1%
80.6% 85.9%
84.1% 87.7%
84.1% 89.6%
85.9% 91.6%
85.9% 91.6%
87.7% 100.0%
89.6% 100.0%
93.7% 100.0%
96.1% 100.0%
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Figﬁre 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 11m1ts have no real meaning
since no fails have occurred at this pomt

Figure B.1-7
Probability of Clearing Fault Within Specified Time
With 95% Uncertainty Bound Applied
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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 ahy 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 cle
fault current observed without the fault ultimately cascadmgy

indicates that the highest
full failure and clearlng

B.1-6.1.2  NRC /SNL Fire Test Results

- report. Rather, the testvresults are reviewed o as¢
than observed in the EPRI/NEI test results.

measurement the measurement The final IR values are more
erratlc than-observed in the ] ! data. ThlS 1s attrlbuted to the limited- -energy
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| Figure B.1-8
Insulation Resistance Values for Typical Test Series
(Courtesy of USNRC and Sandia National Laboratories)
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Characterization of Arciﬁg Faults
As dls_qu"s§ed in Section B.1-4.0, high impedance faults on systems operating at 480 V

as arcing faults. Arcing-type faults are unique in their behavior
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: o

B Loose connections that overheat, causing minor arcing éghét escalates into an arcing
fault

B Surface conduction due to dust, moisture, or oth
surfaces

vithsthe propen51ty to damage

- i

< ndustry experlence does not identify fire
» ;1S surmised that In many cases,

any circuits in the vicinity of the ﬁre, howev~
as a maJor 1n1t1ator of faults on hlgh energy

3-@ line-to-ground
1-@ line-to-line

1-@ line-to-ground.

‘Single Phase (1-@) Systems: 1-0 line—to;line
1-@ 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

o 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 dev1ces 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 electr1cal$_systems that’ are not equipped with

persist for even several seconds w1ll generally can " w1despread 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 groundmg resistor or'teactor limits the current
to a very low level. Ungrounded systems’ require a fault on at least two phases to produce
fault current ﬂow ThlS type of fault i is: essentrally a line-to-line fault.

Operating experience shows that arcing faults are most prevalent in metal-enclosed
switchgear and open busways contammg insulated bus bar. Insulated cables in conduit
O or tray more frequently suffer bolted faults»These characteristics are attributable to the

nature of the arc. Arcmg faults; on uni lated conductors tend to travel away from the

’?‘%

“remain concentrated at the initial arc location, causing a more rapid degradat1on of the
fault toa bolted fault & :

B.1- 6 23 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 extmgulshes at current-zerowand then reignites when
instantaneous voltage reaches some threshold value. A key relatlonshlp exists between
the reignition, or re-strike voltage, and the I jel of fault current. The lower the re-
ignition voltage the higher the fault current )
current approaches its maximum value:

this inverse relationship, 1t is evident that higher elgmtlon voltages represent more of a
concern than lower voltages with, respect to the MHIE:concern. Analyses of distribution-
level arcing faults generally assume velgnltlon voltage of 375 A% (peak 1nstantaneous)
This voltage is considered a consé {
typical system designs.

extmgulshmg Thus a lower threshold of fault current exists for which a fault can
sustain itself beyond cycle.

S

no current \‘ﬂow exist for single phase configurations, affording the 1omzed hot
gasses ar ‘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.

B.1-36



NEI 00-01 Revision 2 - Draft
December 2007

m  The fault current associated with arcing faults increases as a percentage of the

O bolted fault current as system voltage increases. This characteristic is due the
i 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.

| ’ [ High impedance arcing faults are primarily tem phenomenon. The

i current.
¥ ' exist. Voltage is constant and thu
! ) established.
1

B.1-6.2.4. Arc Fault Current

89%

74%

Line-toz;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.

ed for medium voltage
values will increase with
80 V 'values listed above.
-~ medium voltage systems

Minimum values of arcing fault current have not been establi
systems. However, as noted in Section B.1-6.2.3 above, th
system voltage, and as minimum will be higher than the:
Practical experience indicates that arcing fault current;
actually approach bolted fault levels.

B.1-6.2.5 Arc Energy

Even though the rms current for an arcing:f; t
- faults can cause a great amount of damage% v (

in the distribution system and
arcing faults.

! vulatlon re51stance At some point under the applied voltage
's sufficient leakage current to cause excessive locallzed

; ex pelled formmg a vapor cloud in the vicinity of the fault. The
lectricity and an arc is formed. The cloud of Vaporlzed

to the dynamic nature of arcing faults. Depending on the fault
, 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

ork of knoWledge about fire-

This section analyzes the MHIF concern within the fra
induced fault behavior developed in Section B.1-6
behavior shows that faults manifest themselves di

B.1-7. 1

range. Overcurrent protectlon for thxs class of
mechanical or solid state overcurr

ground fault detection designed t%%rapy
volatile and damaging. .

The electrical

wer mamfest hemselve as arcmg faults

expected impact
below:

: bolted fault current produ_ce highly damaging levels of current

ately designed protective System can be expected to clear faults at
considered to be adequately designed.

=  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

B.1-39



NEI 00-01 Revision 2 - Draft
December 2007

resistance grounded inherently limit fault current to a low value. Accordingly, 4B
these systems are designed to be extremely sensitive to ground fault current, and are .
expected to rapidly clear any type of ground fault.

m  Certain cable runs may not be protected by overcurrent,,relays but instead may use

differential protection schemes. Differential protec on is very sensitive and any

cable protected this type of circuit will clear g}" ne faults within milliseconds.

ven with hlghly sensitive protection that clears
actlon of f\%econd (or in the worst case seconds) severe

edium voltage levelsw1ll manifest themselves as arcing faults. The minimum
ault current produced by these faults will be rapldly detected by an adequately

cannot be sustam(;d by the hardware for more than a few seconds due to physical
destruction oféthe 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

480V -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 breakers configured with an
internal electro-mechanical or solid-state trip unit. Motor ¢ grxltrol centers and distribution

», Some 480 V systems are -

= i imi ined arcing ‘fau ﬁ§4820 V systems aré presented in
Section B.1-6.2.4. Arcmg fault currents of 8%, (line-ground) and 74% (line-to-
lme) of the symmetrical rmS‘ bolted fault curren '

- m  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.

m 480 V systems configured with properly coordinated ground fault detection can be
_expected to clear low level arcing ground faults 1mmed1ately

480 hY systems produce
g fault with an arc voltage of
1,900° Ay, will vaporize copper

m  As with medium voltage systems, arcing faults.
tremendous energies at the fault location. An a
100 volts (conservative) and fault current of
conductor at a rate of:

Volume Vaporized =

e scheme and the fault'will be cleared (although maybe not
ies produced* by arcmg faults for this class of power system

nost often used for control and control power circuits; 208 V systems
sciated 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.

B.1-42




NEI 00-01 Revision 2 - Draft
December.2007

- 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 réignition voltage.of 375 V. Indeed testing
appears to confirm this point. This is not to say that arcing fa@lts@gﬁnnot 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, extlngulsh% n re-arc and extinguish
in a random manner based on the local conditions an gweomet yat.the fault. The test data
ases are included in

identified two cases that may have fallen into this: catégory The

the data set analyzed in Section B.1-6.1. ’noteworthy that thi rrent profiles for
these cases show current to be erratic and unpre ictable, but at no tlmea d
HIF levels and remain there for more than*i

of the fire dynamics.
included in the analysis.

Regardle

" The test ‘data indicates that 120 V faults do not manifest themselves in a
’*nner conducwe to sustained HIF conditions. Once the fault has progressed
to tain 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 con51stently in all the EPRI/NEI test data and NRC/SNL data,
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with the exception of instrument circuits,”” which are not within the scope of
this analysis. The transition region at which the cascading effect begins
appears to range from approximately 10 kQ to 1,000 2. 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 Q fault resistance)ithreshold is important
because this level of fault current (more approprlately ‘classified as leakage
current at this level) poses no concelvable risk«for, any realistic circuit with
respect to the MHIF concern.

perspective. This value represen
capability (i.e., 3 A fuses). Ana

7% of the test circuit contmuous current

of the%test data prov1des us with the
following probabilities associated wit ‘time frames for clearing faults once
fault current has rise 2 A. The 95% confidence level is also shown to
quantify uncertainty inithe:data set. ‘

%7 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% .84.1%
0.3 92.0% 859%
04 87.7%
0.5
0.6
0.7
0.8

1.0

m  The two key observatlons gleaned.

ceed 0.17 A (700 Q fault resistance) — an
the premise that faults do not “hang up”

Based o the fault characterlstlcs applying the results to high
es appears justified. Once current has passed 2 A, the fault
s degraded to a low level and the system, rather than the fault,
e primary determinant of the fault current magnitude. Provided the
devices are adequately coordinated and the system provides
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 leve la%i/"‘arles but appears to be
near 0.2 A at the lower limit. This level of “abnormal currént flow” does not pose a risk
with respect to the MHIF failure mode and in fact dees<not.even render the affected
circuit inoperable. The fundamental fault characteristics upon which this conclusion is
based were readily apparent in the EPRI/NEI testszand the NRC/SNL tests. Additionally,
a similar utility-sponsored test conducted in 198 7 revealed the same;basic behavior [27].
The analy51s supports a conclusmn that, for 120 \Y power supphes confo to the Base

B.1-7.4

125 V and 250 V DC systems pr
equipment, mcludmg SW1tchgear an

generally molded (
Low voltage pow

Arcing type faults ‘Oﬁow voltage DC systems cannot be ruled out using the
same loglc applled 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 an fﬁus the concept of a minimum re-ignition voltage does not apply.
Howeve igh 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.

m  For non-arcing faults on 125 V DC systems, the\'cﬁf?};lytlcal results for 120 V
AC systems can be conservatively applied. . The key failure phenomenon
observed in the test data is the cascading effect: ce leakage current exceeds
the threshold level. Here again the contlnuﬁﬁs nature’ )f DC power supports a

tems at nuclear plants operate
oncern in a manner similar to AC
systems.

teratﬁ%yz pertaining to fault characteristics for representative DC
{ readily available. However, a reasonable extrapolation of the
analysis Tesl AE systems is accomplished using engineering rationale based on the
difference ‘ C and DC power. The inherent characteristics of DC power do not
introduce any<known factors that preclude application of the analysis results to DC
systems. To the 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

i
i

The MHIF failure mode can result in a safe sh tdown power supply becoming de-

energized, which in turn could potentially lead to:deenergizationy.of safe shutdown
equipment. This failure mode is fundamentally different than electric ffallures resulting
from the direct effects of fire. The direct effect failure-modes (i.e., shorts-to-ground, hot
shorts, open circuits) cause circuit damage” that can only;be rectified through>repa1rs The
MHIF failure mode is not unrecoverable in the sens e that restoration involves resetting an
overcurrent relay, closmg a mrcwt breaker, or replacmg a fuse. (It is acknowledged that
fuse replacement is generally clgsmﬁed as a repalr act1v1ty within the compliance
guidelines for Appendix R. Nonethelessmfrom a “consequence?- point of view, replacing
a fuse — which typically requires no'tool o imple tool — i1s findamentally different than
a repair involving the replacement%of cables«« al components) [t is understood. that
operators are credited. with 1dent1fy1ng the pro emsand taking steps to restore the
affected power suf 0 service. Given that almost all safe shutdown power supplies
require some local action for alternative shutdown or spurious operation mitigation, it is
also probable that critica power supplles are covered by emergency lights and that
access/egress paths hav : on 'dered On thls ba51s the MHIF failure mode is

This const’% int should not prove limiting in that hlgh/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
5 under what conditions the MHIF failure mode poses a credﬁbl isk to post-fire safe
| shutdown. The analy51s is based on objective test d t”%ii d recognized engineering

; : principles as documented in test reports, consensus standards, and other credible industry

references. The analysis considers both likelihood and consequence, and also addresses

analysis uncertainty for critical results.

A Base Case set of conditions has been estabhshed to define the limits ¢ A@appllcablllty for
the analy31s Within the defined limits; this, MHIF an 1y51s is intended to Serve as a
, generic evaluation and is Considered to satlsfy ‘the, regulatory requirement that high
ol impedance faults be considered in the analysis of ‘ass sociated circuits. Circumstances that
| fall outside the defined Base Case; w1ll require a plani specific analysis.

| , .

{

|

{
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C.1

APPENDIX C

HIGH / LOW PRESSURE INTERFACES |

PURPOSE

The purpose of this appendix is to identify considerations n;cessary to address the issue
of circuit analysis of high/low pressure interface componen %

INTRODUCTION

10 CFR 50 Append1x R analyses must evaluate the potentlal for sp%%@ﬁ;ous operatlons that

dito a"n unacceptable Toss of reactor
pressure vessel/Reactor Coolant System (RPV/RCS) nventory via an interfacing system
loss of coolant accident (ISLOCA)., Because an ISLOCA 1s a significant transient, it may-
be beyond the capability of a givén 0. mi
concern, selected RCPB valves Xal‘ﬁ? “de
components requiring special considetati

The criteria for*"‘deﬁmng 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 a fire 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 leastswo power-operated valves in
series. The valve positions shall be i dic

b. The valves shall have lndepend%nt ‘diverse m%“rlocks to prevent the
valves from being opened unless the RCS pressur below the RHR
system design pressure.
valve to change positioj

i If the RHR system discharge line is used for an
cCS functlon the power-opemted valve is to be opened upon receipt

; Wo check valves 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 annually.

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 PWRs) 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 mterface equipment must be
evaluated to more stringent requirements than non-hlgh/low pressure interfaces when
considering spurious operations. The purpose of the requ1 ments is to ensure that a fire-
mduced LOCA does not occur.

pressures), then the subject boundary valves
interfaces. The following combinations of valv
pressure interface concerns: ~

by licensées and the NRC as safe shutdown compliance
tShave evolved.

e following criterion is established to determine if a
da hlgh/low pressure interface valve component: 4 valve whose
result in a loss of RPV/RCS inventory and, due to the lower
pressure g or other breaches such as relief valve operations on the downstream
piping, an interfaci gLOCA (i.e., pipe rupture in the low pressure pzpmg)

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 zdenttjymg czrcults associated by
spurious actuation?

Response

inding could cause spurious
any cases involving Hi/Lo

spurious opera of the high/low interface valves are evaluated more stringently than
the safe shutdown components. The potential for spuriously actuating redundant valves
in any one hlgh/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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C5 | FIRE AREA ASSESSMENT OF HIGH/LOW PRESSURE INTERFACES

Figure C-1
High/Low Pressure Interface Example

RHR Shutdown.
Cooling Suction Line

Low
Pressure .
Piping

N.C./ Req'd Closed

-N.C./Req'd Closed

.HighILow Pressure
Interface Valves

In this example, the postulat”’d ﬁre damage is evaluated for two cases. In the first case,

Case (a), the fire is as umed 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 assumed to have the potential to cause the spurious opening of both
series hlgh/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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C.6

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.

REFERENCES
C.6.1

C.6.2 Generic Letter 81-12, “Fire Protection B »e;k‘

C.6.3 Generic Letter 86-10 “Implemegtation of Fire Protection Requirements,” April
24, 1986. i '

C.6.4 Pressure Interfaces from Fire
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APPENDIX D
ALTERNATIVE/DEDICATED SHUTDOWN REQUIREMENTS

PURPOSE

The purpose of this appendix is to provide the requirements for alternative and dedicated
shutdown that are distinct and different from the requirements _r?redundant shutdown.

INTRODUCTION

The use of alternative/dedicated shutdown capabili
areas where protection of a redundant safe shut;
possible. Alternative/dedicated shutdown capability is:generally spemﬁeds%for the control
room. Other plant areas where alternatlve/dedlcatedwshutdown capability may be
required include the cable spreading room, electri istribution room, relay room(s), or
other plant areas where significant quantities of cables are routed and redundant
trains of safe shutdown equipment have not bee %gparated in accordance with the
i of Appendlx R The areas where alternative or

shutdown. The altern tlve/dedlcated S
the deﬁned areas

blhty"ffrequlres physical and electrical independence
ually accomplished with isolation/transfer switches,
~ protection, and remote shutdown panel(s). The

n31deratlon 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 mmgatlng actions and need to be evaluated against regulatory acceptance
criteria to ensurethat the goals and criteria in Section II1.L are met.

Appendix R Section I11.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
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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
alternative/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 predommantly used Sectlon D4 descrlbes

the differences in shutdown methodology between alternatlve/dedlcated 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 evacuatlon >

"s,

D3 OVERVIEW

use the alternative/dedicated shutdown scheme

Since the majority of nuclear p
exclusively for a control room fire;

potentially serious event The likeliho od of: a
be small The wors c-expected fire for a control
control panel This 1s true because the control room is

Despite hlS ‘the post- ﬁre safe shutdown analy51s for a control room fire must assume fire
damage to all of thé*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 intensity 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 detectlon capability; and the
continuous manning in the control room.
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Generic Letter 86-10, Response to Question 5.3.10, states, “Per the criteria of Section
III.L of Appendix R a loss of offsite power shall be assumed for a fire 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 a fire in any plant area; and

b.  The safe shutdown capability should not be adversely affected by a fire in any plant
area which results in the loss of all automatic function (szgnals logic) from the

. circuits located in the area in conjunction with one worst.¢c ¢ spurious actuation

or signal resulting from the fire; and )

c.  The safe shutdown capability should not be adversel cted by a fire in any plant
area which results in spurious actuation of the 7 Ives in any one high-
low pressure interface line.

peration and the
.assumptions

The analysis must consider the effects ot;dg h potential spuriou
mitigating action(s) that may be necessary:for each. ¥ These conservati

form the design basis for control room fife m gation.

y the ﬁre ‘when thls prov1ded an analytlcal
. For example, assuming that fire damage
e ;,_nonconservative in terms of heat loads

lternatzv&e or dedicated shutdown capability and its associated czrcuzts,
de endent of cables, systems or components in the areas, room or zone
under consideration, shall be provided:

y A .

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 of fire 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.

111.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 I11.G.3 and use alternative or dedicated shutdown
capability, the cables, systems or components comprisinggthe alternative or dedicated
shutdown capability must be independent of the’ ‘area under consideration.
Alternative/dedicated shutdown capability meeting t equirements of Section I11.G.3
must satisfy the requirements of Section IILL. Sectlo III L.18provides requirements on
the shutdown functions required for the syst¢ s%selected for \alternatlve/dedlcated

shutdown. It also provides the minimum design criterion for the" 'Sys ms performmg h

these functions.

L. Alternative and dedicated shutdown'c ' ' y 4

the reactor; (b) mazntam A
hot standby’ conditions for apP
cold shutdown condzttonsngth'

. " @iver and the f ission product boundary integrity shall not be
re shall be no fuel clad damage, rupture of any prlmary

Section IILL:2 fentifies 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 function shall be capable of maintaining the
reactor coolant level above the top of the core for BWRs and be within
the level indication in the pressurizer for PWRs.
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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 perniit the operation of the
equipment used for safe shutdown functions: ;"

When utilizing the alternative or dedicated shutdow
deviations from the makeup function criteria (1e
evaluated. A short-duration partial core uncovery. (approve
alternative or dedicated shutdown capability)..and a short duration® RCS level below
that of the level indication in the pressurizer for PWRs are two such‘transients. These
transients do not lead to unrestorable € ndltlons and thus have been* ‘:deémed to be
acceptable deviations from the performance® goals “For. Appendix R’ plants, these
conditions may not meet the requlrements of IILL and an exemption request may be

needed.

WRs when using

Sectlon HL.L.7 also highlights the Lt :”rtance of con51dermg assocxated non-safety

orts 10 ground in the assoczated circuits will not prevent
hutdown equzpment

availability of T ndant 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

% 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 111.G.3 of Appendix R (regardiess
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
111.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 of fuses 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/componer 1 has to be operable or
where operation might be required to override a spurious actuation of a component (such
as a motor-operated valve), replacement of fuses may hc ecome necessary. In such
cases, troubleshooting/repair would be required to achieve orimaintain hot shutdown.

Additional guidance for selecting the process monltorlng fun ns for alternative
shutdown is provided in IN 84-09 as indicated:in the followmg excerp - from GL 86-10.

1. Process Monitoring Instrumentﬁlo

art 50 states that “the process
 direct readings of the process

Section 1lI.L.2.d of Appendix R to 10 CE

submztta 1
evaluation.

3.1.5 Fire Zones
QUESTION

Appendix R, Section 111.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 111.G.3. Does the requirement for detection and fixed suppression
indicate that the requirement can be limited to a fire 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 J

Section I1.G was written after NRC's 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, therefofeézwould have to be evaluated
on.the basis of fire zones within the fire areai> The NRC also recognized that
because some licensees had not yet performe a safe shutdown analysis, these
analyses may identify new unique confi guratzons QM&

°d: [NRC has stated that 1) Section
t10ns without pr1or approval

in the same fire area, and 2): desprt)
1I.G.2 needs to be demonstrated W,

,,

or manual operat n of, equ1pment requrred for cold shutdown are allowed in
accordance wrth current regulat1ons and regulatory guidance.]

ertam separation, suppression and detection
: Where such requirements are met, analysis is not

emergency control ktlons) depending on a plant s licensing basis, exemption
requests, devratlon requests and GL 86-10, Fire Hazards Evaluations or Fire
.l’rotectlon De81gn Change Evaluatlons may be used to demonstrate equ1valency to

majntaln' safe shutdown is not adversely affected] [Note the current NRC
posmon‘above on the use of unapproved operator manual actions]

Sectiony II1.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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‘capability may have to be considered on the basis of a fire area, a room or a fire
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 II1.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 I11.G.1 is met. Where alternate or dedicated shutdown is provided
for a room or zone, the capability must be physzcally and eléctrically 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 the fire or fire suppressant's
must be evaluated

Section II1.G recognizes that the need for alternate or dedicated shutdown "

These environments may be due toithe hot layer smoke drift
common ventilation systems, common drain systems or floodin
other interactions between the location
configurations. ,

uppressants,
“In addition,
may* be possible in unique

-If alternate shutdown is pr on the basis of rooms or zones, the provision of
fire detection and fixed suppression is red in the room or zone under
consideration. Compliance with Section l11.G.2 cannot be based on rooms or

RESPONSE

Per the criteria of Section III.L of Appendix R a loss of offsite power shall be
assumed for a fire 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 a fire in any plant area; and
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b. The safe shutdown capability should not be adversely affected by a, fire 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 a fire 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 evacuation (this could be a
control room fire or a fire in another area, depending upOn t

operator’s ability to use all systems avallable for controlhng the unit: In_the unlikely
event that control room evacuation is requlred the response toquestion 5. éﬁ 10 provides a
bounding plant transient that describes the expe Worst-case condmons for such an

basis becatise there is some potentlél for a spurious operation to occur due to the high
tion of equlpment controls within the control room. The specific worst-case
single spurious; peratlon howéver, was not defined. The requirement for addressing
‘a,worst-case spunous signal is met by identifying any spurious operation that has the
potential to adversely affect the safe shutdown capability and to evaluate the effects
on the safe shutdown capability on a one-at-a-time basis.

u “The thlrd dmon is that it should be assumed that all automatic functions capable
of m1t1gatmg%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.

W 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 spemﬁcally designed to
mitigate the effects of a LOCA.

Because ofits specialized nature, the alternative/dedicated shutdown capability needs to

be specifically directed by plant procedure(s). Other regulatory acceptance criteria must

D.5

~ shutdown.

also be met.

METHODOLOGY DIFFERENCES APPLICABLE TO ALTERNATIVE /
DEDICATED SHUTDOWN

The following are the differences between the “baseli nethodology provided in the
body of this document and the requirements that mus applled to alternative/dedicated

could be provided to. ensure alternatlve or dedlcated shutdown. Cold shutdown
equipment can be repaired and operated to achieve cold shutdown within 72 hours.

' ' of the altematlve/dedlcated shutdown area fire, potential spurious
‘ d earlier in the discussion of GL 86-10
alternative/dedicated circuit designs provide
:shutdown equipment circuits, that when actuated
( 1ts/spur10us operations that may occur during the time of control room
6, evacuation. Emergency control stations, such as remote shutdown panels, are
. typically provided, with dlsplay instrumentation and other equipment/system status
:'1nd1cat10ns that alert the operators to spurious actions that may have occurred prior to
the plant operators, reachlng the local stations and taking control. If the circuit can be
isolated bg/ the actuation of an isolation/transfer switch, the transfer switch should be

- For tKhose circuits in the affected fire area that are not prov1ded with-

transfer sthches 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 provide an analytical advantage. All mitigating

? See Generic Letter 81-12 Clarification, dated March 22, 1982. .
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D.6

alternative post-fire safe shutdown and 1ncludeyth ‘

actions need to be eyaluate'd for acceptability using current NRC guidelines to ensure
that safe shutdown can be achieved and maintained.

B Cold shutdown must be achievable within 72 hours.

B Areas where must have a fixed fire suppression system and fire detection installed.

ADDITIONAL OPERATOR ACTIONS RECOMMEN DE
ROOM EVACUATION

'OR CONTROL

The primary goal for Control Room fires i1s to achﬁj(g; l shutdown.  Guidance on
actions to be taken is found in Generic Letter 86-1 1 .8.4. As a secondary
consideration, in helping to minimize the impa of@the effects ofa fire on the potential
\% ;
property loss, additional operator actions could be useful if in ded in the plant
procedures for control room evacuation,. The following are examples ofisome;beneficial
actions. Licensees should identify actions tk at‘pr0v1 a positive benefit”in terms of
‘the governing procedures.

nsidered for inclusion in the control room evacuation
ns to be performed, prlor to leaving the control
ing the reactor scram/trip that is already

The following actions should be%
procedures as immediate opérator
room. These actions are in addition. to
endorsed for this event.

®

Closing the Ma n [solation V’é@‘lf'es.

steam lnes tside ofﬁ primary containment (BWRs), minimizing the potential of an
overcooling'eyen PWRS) 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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Emergency Diesel Generators are not running, then the Diesel Generators could
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.] ' :

Generators may receive a start signal. If the pumps providing cooling to the "

(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. Performmg ithis as an immediate
operator action upon arrival at the emergency con vrol statlon will provide added
assurance that these pumps will not be damaged

Py

ontrol :station, e Reactor Coolant

(3) [PWR] Upon arrival at the emergenc
Pump (RCP) to protect the RCP seals ‘

acceptance criteria.

REFERENCES

” dated
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APPENDIX E
ACCEPTANCE CRITERIA

OPERATOR MANUAL ACTIONS AND REPAIRS

PURPOSE

This appendix provides guidance regarding the use of opera

nual actions and repairs
to equipment required for post-fire safe shutdown. :

INTRODUCTION

- design bas{S acc1dents NRC Generic letter 86-10 Section
yst-fire saf > ,sh tdown be able to be accomphshed without rehance

for the use of operato r.manual action in support of post-fire safe shutdown is requ1red.

Specific plant prot tive functions, due to the nature of their design in assuring safe and
reliable plant operatlon 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/II1.G.2 and/or III.G3./IIL.L. [Reference BWROG Paper on NRC
IN 2007-07.]

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 co ints. The NRC has
placed additional limitations on the use of repairs, such that théy %é}g only be used to
achieve and maintain cold shutdown conditions. = Thisg distinction provides the
opportunity for licensees to maintain hot shutdown for 2 ided period of time, if
necessary, while repairs are performed to equlpment that{gls requiredsto either transition
to, or mamtam cold shutdown. £ %

From an operational perspective, there is no me:
defined as an operator manual action or a repair

action is
Ice the s same c0n31derat10n apply.

DEFINITIONS

This appendix on operator manual actlgn €lies upon definitions contained in Section 6.
For the definition of terms used in this appendix; refer to Section 6, Definitions.

CRITERIA

Due to the similaf’fi:fty 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 Opérator 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

E-2



NEI 00-01 Revision 2 - Draft
December 2007

| ‘ Operator Manual Action or Repalr 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 actxon locatlons should be
considered when sequential actions are required. ;

spurious operation.

= There shall be a sufficient number of plan
; required actions in the times _required, based o minimum shift staffing. The
f f _ use of personnel to perform actions should not intetfere with any collateral fire
brigade or control room duties: they‘ need to perf orm_as a result of the fire.

Administrative controls shall exrs ensure that the,,personnel necessary to

' perform actions are available when require hat ‘unexpected absences are
“ promptly corrected., If staff augmentatlon \Sistent with the licensee’s
; Emergency Plan "Imglementmg Procedures is credlted then the licensee must
L demonstraté that un- re%é)verable condltlons would not occur in’the time period
, ‘ before staff'augmentation is achieved. (s

xperiencing a fire, may be credited if it is demonstrated that
not required unt11 the ﬁre has been sufﬁmently extmguxshed to

requlred«‘ .to be §performed in the fire area expenencmg the ﬁre it must be
assured tha ﬁre damage within the fire area does not prevent completion of the
action. N¢ TE: NUREG-0737 I1.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 d1agn051s of the specific
spurious operation that occurred, if symptom-based plant procedures provide the
appropriate guidance to respond to the situation. If D! mptive actions will be
taken to preclude spurious actuations, then event- base procedures should be
provided for the situation.

* Administrative controls shall be provid d to ensure that any tools, equipment or
~ keys required for the action shall be tional, available, and ac s“‘s&gle. This
includes consideration of self-contained breath'ng%apparatus (SEBA) and
personnel protective equipment, if required o includes the availability of

ladders or special equipment, if these items are required for access.

ordination of actions

ﬁ cility, if required. The
ith“other related actions or the
‘determining what type of

® There shall be provisions for comm
with the main control room or the alt

, 4 cannot be readily diagnosed using fire protected
1nfq%rmat10n to the operator. The "skill of the craft" should be considered when
determining the level of procedural guidance to provide. Typically, plant

likewise be‘;p vided 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
i 1 .
~ = Repairs may only be used to achieve and malntam cold shutdown (not hot
shutdown).

* 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. ' ‘

credited in the post-fire safe shutdown analy51s may b
benefit to the safe shutdown scenario such as minim
reducing commercial property damage

ing the shutdown transient or
sare not specifically required

specifically address the required timin 2
actions specified as utlonary or

Withdrawal of ‘”"osed rulemaking

Plans for resolgtlon 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 Ma#ch 2006 NRC public meeting, related correspondence, and subsequent RIS 2006-
10 provided 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
is allowed under the current fire protection licensing bas
ease of reference.

Figure E-1
Operator Manual Action — Review Process

For'each Operatos
Actionifor a Given Fi
Y 5

Action Credited for App. F
Section 1il.G.3 (NUREG- —
0800 C.5.¢)?

Action is taken inside of

./‘
the Main Control Room? Manually Operated

Switch/Valve

Prior NRC Approval
Obtained?

Action is Related to ‘fire
affected’ train?

Credited Train, *a_ndj)
Acceptab!

o ) No '
- Action is Feasible? L
L Yes ’ Operator Action Not Allowed /
Oper?&gcwér#:gﬁgmn 15 Not Approved (Candidate for RI-
; . PB Change Evaluation)
I Bin H I
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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 transmonmg to or maintaining
cold shutdown equipment [Bin B]

Manual operatlon of normally operated manual sw1tches and Ives where
trains in

NRC Letter to NEI dated May 16, 2002 state
are allowed for fire safe shutdown activit

-equlreme% SectionI1.G. lof 10 CFR 50, Appendix R (or applicable sections
" of NUREG-0800). Sec‘Eigure E-2. [Bin E]

ed May 16, 2002 states: “With proper analysis, manual actions
afe shutdown activities under the following circumstances:

equ1pmen or which cables are located in fire areas that meet Section
.Lof Appendlx R to 10 CFR Part 50, by havmg redundant cables and
equipment in a«zcompletely different fire area”

Operation of ﬁre ffected equipment for fire areas that meet the protectlon
requlrements of Section I11.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 I11.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 II1.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 111.G.2 requirements)
even though the manual action would need to be accomplished before the
common tank level decreased to the point where operatlonéoffthe credited train
would be affected. This is acceptable since the commonspoint in the system is the.
tank, which is still free of fire damage (Figure E-4). T A‘”ls‘ xample was discussed
in the June 9, 2006 public meeting. (ML061980016

An example where operator manual action to address SleI‘lOLlS ac

tions that affect

operator manual action is no
damage (the diversion of flo

safe shutdown path will not be s uc cessful) (Flgure E- 5) An example of this
' 2006 pubhc meetmg

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. : 0
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~e RIS 20b6-10 states: “Since plants licensed to operate on or after January 1, 1979
(post-1979 licensees), are not required to meet the requirements of paragraph
II1.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.”

previosly reviewed and
e regulatory process, if

Operator manual actions that are not allowed or have not be
approved by the NRC should be addressed via the appro

provided in
ML061980016)
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Figure E-2
Allowed Operator Manual Action in Fire Area Meeting
10 CFR 50, Appendix R,

Train A
Pump

Train B Power

Train A Power
Cable

Train A Contrg }

Cable } Cable

Train A

Sgpply to stop Pump A.

Train B Control

it ia of 10 CFR 50 Appendix R Section I11.G.1
Id result in the spurlous startmg of the Traln A pump,
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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

~~~~~~~~~~~~ <

T

Train A Power : i .
Cabie , 'y . Train B Control

Cable

Train A
Power Supply

D; thh can be mitigated by an operator manual action to de-
A:Power Supply to stop Pump A. This is functionally equivalent to
- Case in Figure E-2.

energize the Tra
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Figure E-4
Allowed Operator Manual Action — In Credited Success
Path — Common Tank Suction
Common
Tank -

Pump 1A is the credited flo:
operation of Pumggﬁ? “g%!% in a loss of
pump inventory.£The operator manual action
to isolate thediversion flowpath would be

Credited Flowpath -

k. Y ’
s Pump 1A .

Pump 2A

Diversion: Flowpath
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Figure E-5
Operator Manual Action — In Credited Success Path —
Aucxiliary Feedwater Flow Diversion [not allowed per
NRC Ref. ML072820168]

Credited Flowpath

— —k

| - T SG BV%

#1 AFW PP

éd for feeding SG A.
valves to SG B can
d rt flow from SG-A. The operator manual
action to isolate the diversion flowpath would
not be auc;ged per NRC Ref. MLL072820168.
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NRC Revision to Draft Response to NEI May 2006 letter, July 19, 2006 (MLO61980035)

\

' NUREG-1778, Knowledge Base for Post-Fire Safe-Shutdown Analysis, January 2004 ‘,

Public Meeting Notice 20060609 on Manual Action Clarifications, May 26, 2006
(ML061390156)
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APPENDIX F

SUPPLEMENTAL SELECTION GUIDANCE (DISCRETIONARY)

F-1

F-2

INTRODUCTION

This appendlx is be used to supplement the information in Sectlon 4 1n support of the .

plant specific review of the Generic List of MSO in Appendix'G to*supplement the list of
MSOs to be reviewed on a Plant Unique basis.

P&ID OR LOGIC DIAGRAM REVIEW

shutdown. This first step limits considerat
actuatxon evaluatlons whose maloperation coul

interface failures.
consequences.”  Potential circ
components may have been consi

tions that can result in a loss of
nd unrecoverable consequences. Then, an

«G\h
englneer %can 1dent1fy areas where these component

nscan be performed with P&IDs or safe shutdown
or both. The review should focus in on “pinch points”
safe;shutdown (SSD) function would be failed. Failure of

equipment is otentlally 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 -

F-1
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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  PRAREVIEW

The internal events PRA can be used to determine potentiallyaimportant component
combinations through either cutset review or through model'reanalysis. These are both
described below. Note that a PRA review may 1dent1fy combinations which include
equipment not included in the Fire Protection Safe} Shutdown list. The important
components identified 'in the pilot application ﬁwere\already »the Safe Shutdown
Equ1pment List, but the internal events PRA scope includes additi equipment that is
not in this list.

F.3.1 Cutset or Sequence Review

?6bability, and cutsets sorted b} order (from
nost). Review of the cutsets would identify
ponents may spuriously operate, and whose

motor-operated, val e (MOV) spurious operation events to 1.0 and re-sorting, the top
cutsets may now;ﬁ clude 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

% 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.

F-2

The pilot project showed the spurious operation ,




NEI 00-01 Revision 2 - Draft

F.3.2

- December 2007

additional spurious operation required are corripared, the latter combination is probébly‘
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.

One 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 failure”~of*xcomponents in both
redundant trains can be dismissed as long as it can be a that one redundant train’s
component is protected in each fire area. A review of. lant’s fire Individual plant
Examination of External Events (IPEEE) can determine what" mmatmg events can result
from a fire. ;

PRA Model Manipulation

The level and amount of model mampulatlon range from‘ a smgle re-solution of the
_ The analy51s discussed below

A basic analysi
model with all
] he McGuire 'pllot performed this analysis by also setting the -
e power initiating events to 1.0. The types of components and
t should be set to 1.0 in the model include:

The cutsets or 3 quence results can be reviewed to identify component combinations that
are potentlally 51gn1ﬁcant 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

F-3
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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 ‘é%el _manipulation can be

- performed to simulate fire PRA results. For example, 1 {ithe McGuire pilot analysis, \
additional internal events PRA runs were performed where the 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 yitghgear fire;, but also provided
representative runs important if opposite train %pmpoﬁents were locatedsin the same area.
For example, cutset were identified where Aftrain cooling water failed‘diie to the A train
4160 VAC failure, and B train coolings ater, failed due to spurious operatlon 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.

d“based on the IPEEE results. The IPEEE can
d the,«[ ‘qu ment that"‘potentxally fails due to a fire

Additional PRA runs can be perfo
provxde a list of 1mportant fire areas :

result in f
increase. Spurioils 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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s

. 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 Interngé Events PRA may

become relevant to the Fire PRA and need to be lmplementea' “insthe Fire PRA model.
4

For example, spurious safety injection is often screened out from the Internal Events

PRA and yet may be important for fires that could cause® the spurious injection

and damage to one or more pressurizer PRA such that the p ssurizer SR Vs are

af nmltzgated could subsequently fail credited safe shutdown
s a turbine- drlven Sfeedwater or auxiliary feedwater
rd

> 3i’s for performmg a baseline PRA review (for possible scope
n also be%ﬁ‘&érformed in support of a reV1ew for new MSO scenarlos

Equipment with the potential for spurious actuation for failing 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

MOV:s 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 is;not likely).

* In reviewing the Internal Events PRA for screened (or even combined) initiating events,

the following should be considered:

1) The In1t1at1ng Event is more likely than the 1nterna1 events PRA estlmate (ie.,
pressurizer heaters fail on).

2) The resulting Consequences can be worse
3) The Fire introduces new accident sequences n

PRA (i.e., spurious injection w1th PORVs closed, 't
SRVs). ‘

During the review of the PRA scope for p0551 - new MSOs, the plant and operator
response to a fire should be understoow% In partlcular

)
he PRA input to the MSO list are conservative, but will result in a
VISOs for consideration.

The output of bove review can be used as either an input to a Fire PRA, or as
consideration 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:

e Phase 1: Preparation, including an initial list of potenti

cmdent sequences

F scenarios from NEI 04-06, if
llqr with both the SSA process and

issues related to multiple spurious. The's
The Expert Panel Review involves group

er, of ways. A typical expert panel process
systems and functions usmg a P&ID rev1ew The P&ID

b) Consideration of an MSO that combines the failure of the flow path being
considered in combination with other possible spurious operatlon 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 1nclude the followmg
expertise:

e Fire Protection
Fire Safe Shutdown Analysis This expert should

Operatlons
e System Engineering
e Electrical Circuits

M\L e,

example, water relief from a safety valve may [
single individual may provide expertise in
Shutdown Analysis.

wvalve. Addltlonally,
rotection and Fire Safe

tools, identify “Choke Po(m 2
failure mechan' ms; .

The panel will build fhesc&z Choke Points” into fire scenarios to be investigated. The scenario
descriptions that result »E)uld include the identification of specific components whose failure or
spurious operation would result in a loss of a safe shutdown functlon or lead to core damage.

Training is performed prior to the beginﬁing of the expert panel. This training should include:
a. Purpose and scope of the SSA
b. PRA overview and results

¢. Overview training on the MSO issue, including
1. Appendix G to this document
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ii. Background on Fire-Induced Multiple Spurious
iit. 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&ls, etc) affecting safe |
shutdown and the core, for the following Safe Shutdown Fun;%"' ns:

o Reactivity Control
Decay Heat Removal
o Reactor Coolant
* Inventory Control
= Pressure Control
o Process Monitoring
o Support Functions

O

n the add1t10nal calculations should be noted. These open items
tion of the expert panel report.

needed to justify,
should be clos

systems and flow paths potentlally 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.S SELECTION OF POTENTIALLY IMPORTANT \:“OMPON NT
COMBINATIONS

Based on the results, performance of some or all of ‘the types% of analysis discussed above will
provide hundreds of thousands of possible component»«comblnatlons for review. a1y51s of all
these combinations is not possible. The PRA output prov1des the largest number of possible
combinations. These combinations can be screened in: 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 com t combinations«for nalysis needs to account for
various factors affecting the final expected risk for;the combinatio '

B Expected spurious operation probablllty,%l cli

dir g»thg;combmed frequency for

’ili(:r};miysted in the cutsets

\exzcuytsets affecting the core damagé probability, including

B Expected fire frequenmes (i.e., combinations in high fire frequency areas may be
more im han 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. ‘

F-10



. Appendix G

Generic List of MSOs

The attached tables prdvide 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 reactor.type.

Y
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