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ABSTRACT

This report documents state-of-the-art methods, tools, and data for the conduct of a fire
Probabilistic Risk Assessment (PRA) for a commercial nuclear power plant (NPP) application.
This report is intended to serve the needs of a fire risk analysis team by providing a structured
framework for conduct of the overall analysis, as well as specific recommended practices to
address each key aspect of the analysis. The methods have been developed under the Fire Risk
Requantification Study. This study was conducted as a joint activity between the Electric Power
Research Institute (EPRI) and the U.S. Nuclear Regulatory Commission (NRC) Office of
Nuclear Regulatory Research (RES) under the terms of an NRC/EPRI Memorandum of
Understanding and an accompanying Fire Research Addendum. Participants from the U.S.
Nuclear Power Industry supported demonstration analyses and provided peer review of this
methodology. Methodological issues raised in past fire risk analyses, including the Individual
Plant Examination of External Events (IPEEE) fire analyses, have been addressed to the extent
allowed by the current state-of-the-art and the overall project scope. While the primary objective
of the project was to consolidate existing state-of-the-art methods, in many areas, the newly
documented methods represent a significant advancement over previously documented methods.
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REPORT SUMMARY

The Fire Risk Requantification Study has resulted in state-of-the-art methods, tools, and data

for a fire probabilistic risk assessment (PRA) for commercial nuclear power plant application.
This study was conducted jointly by EPRI and the U.S. Nuclear Regulatory Commission (NRC)
Office of Nuclear Regulatory Research (RES) under the terms of an NRC/EPRI Memorandum of
Understanding and an accompanying Fire Research Addendum. Industry participants supported
demonstration analyses and provided peer review of the methods. The documented methods are
intended to support future applications of fire PRA, including risk-informed regulatory
applications.

Background

This document is written primarily for practitioners conducting a nuclear power plant fire

PRA study. A fire PRA requires a team effort because few individuals have the full range of
expertise and knowledge necessary to complete the analysis. This report assumes that the fire
risk analysis team will include individuals with expertise in four key areas: 1) fire analysis (basic
fire behavior, fire modeling, fire protection engineering, and plant fire protection regulatory
compliance practices and documentation); 2) general PRA and plant systems analysis (event
tree/fault tree analysis, nuclear power plant systems modeling, reliability analysis, PRA practices
as applied in the internal events domain, and specific knowledge of the plant under analysis);

3) human reliability analysis (emergency preparedness, plant operations, plant-specific safe
shutdown procedures, and operations staff training practices); and 4) electrical analysis

(circuit failure modes and effects analysis and post-fire safe shutdown, including plant-specific
regulatory compliance strategies and documentation). While some of this expertise is generic,
much of it is specific to the plant under analysis.

The methods documented in this report represent the current state-of-the-art in fire PRA practice.
Certain aspects of PRA continue to evolve and likely will see additional developments in the
near future. Such developments should be easily captured within the overall analysis framework
described here. It is important to emphasize that while specific aspects of the analysis process
will likely evolve, the overall analysis framework represents a stable and well-proven platform
and should not be subject to fundamental changes in the foreseeable future.

Objectives

e To consolidate recent research and development activities into a single state-of-the-art fire
PRA methodology.

e To serve the needs of a fire risk analysis team by providing a structured framework for the
overall analysis, as well as specific recommended practices to address key aspects of the
analysis.

XXX1X



Approach

Developing this fire PRA methodology document involved a consensus process designed to fully
debate and build consensus on past methodological issues. Two technical development teams
were assembled, one by EPRI and the second by RES. Each team provided a full complement of
experts covering all aspects of the analysis. These experts worked together to develop an overall
analysis framework and specific instructions for key aspects of the fire PRA.

Technical differences were aired in sometimes-lively discussions. The technical exchange
process was designed to seek consensus where possible. However, the process also allowed RES
and EPRI to maintain differing technical views in cases where consensus could not be reached.
In practice, this did not prove necessary. The documented methods do, in all cases, represent a
consensus view of the two technical development teams.

Another key aspect of the project involved participation of the commercial nuclear power
industry in review, demonstration, and, to a lesser extent, development of the recommended
methods. An industry peer-review panel was formed from the six non-pilot utility participants in
this program. Two nuclear power plants participated as pilot plants and supported demonstration
studies conducted jointly by the EPRI and RES technical development teams. A third nuclear
power plant participated as an independent pilot plant, exercising the proposed methods
independently and providing feedback to the technical development teams.

Results

The documented fire PRA method reflects state-of-the-art fire risk analysis approaches.
Methodological issues raised in past fire risk analyses, including individual plant examination of
external events (IPEEE) fire analyses, have been addressed to the extent allowed by the current
state-of-the-art and overall project scope. Methodological debates were resolved through a
consensus process between experts representing both EPRI and RES. The consensus process
included a provision allowing both EPRI and RES to maintain differing technical positions if
consensus could not be reached. No cases were encountered where this provision was invoked.
While the primary objective of the project was to consolidate existing state-of-the-art fire PRA
methods, in many areas, the newly documented methods represent a significant advance over
previously documented methods. In several areas, this project has, in fact, resulted in new
methods and approaches. Such advances typically relate to areas of past methodological debate.

EPRI Perspective

This report provides the single most complete and comprehensive methodology for conducting a
fire PRA to date. Two aspects of the approaches described here are especially unique. First, the
methodology has been developed based on a consensus process involving both EPRI and RES.
Second, the methods specifically address and resolve previously identified methodological
issues. Clearly, these fire PRA methods should offer a stable basis for proceeding with risk-
informed regulatory approaches to fire protection regulatory compliance.

Keywords

Fire Fire Risk

Probabilistic Risk Assessment (PRA) Risk Analysis

Nuclear Plant Fire Safety Risk-Informed Regulation

x1



PREFACE

This report is presented in two volumes. Volume 1, the Executive Summary, provides general
background and overview information including both programmatic and technical, and project
insights and conclusions.

Volume 2 provides the detailed discussion of the recommended approach, methods, data and
tools for conduct of a Fire PRA. This information is structured in 18 chapters that describe each
of the project technical tasks as they are shown in Figure 1. Each chapter contains the following
information.

Section 1. Purpose — This section is a short description of what is the task intended to
develop.

Section 2. Scope — This contains a description of the scope of each task.

Section 3. Background Information — This is a short description intended for the user

to understand, what is expected to be performed as part of this task and why,
what are the relevant technical issues and if an how they are to be addressed.
It is intended that this would reduce inappropriate use of the methods and data.
This section also, describes assumptions specific to the task.

Section 4. Interfaces — This section contains description of the interfaces between this and
other technical tasks. This information is intended to ensure that appropriate
input, from other tasks, is used and appropriate results, as necessary by other
task, is generated.

Section 5. Procedure — This section provides the detailed description of steps to develop
the task outputs.

Section 6. Uncertainty — This section is a discussion of uncertainties contributing to the
technical task. This is intended to identify sources of uncertainty with some

thoughts on how they can or may be addressed.

Section 7. References — The reference for each technical task are listed at the end of each
chapter.

Appendices. Technical bases, special models, generic data, or other information are organized
by task. These appear at the end of appropriate task chapter.
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FOREWORD

Fire probabilistic risk assessment (PRA) methods have been used in the Individual Plant
Examinations of External Event (IPEEE) program to facilitate a nuclear power plant examination
for vulnerabilities. However, in order to make finer, more realistic decisions for risk-informed
regulation, Fire PRA methods needed to be improved. Licensee applications and U.S. Nuclear
Regulatory Commission (NRC) review guidance with respect to many regulatory activities such
as the risk-informed, performance-based fire protection rulemaking (endorsing National Fire
Protection Association Standard 805) will benefit from more robust Fire PRA methods. In order
to address the need for improved methods, the NRC Office of Nuclear Regulatory Research
(RES) and Electric Power Research Institute (EPRI) embarked upon a program to develop state-
of-art Fire PRA methodology.

Under a joint Memorandum of Understanding, RES and EPRI initiated a collaborative, results-
oriented research program, the Fire Risk Requantification Study, with the primary objective to
develop improved methodology for conducting Fire PRA for a nuclear power plant.

These studies address the full breadth of Fire PRA technical issues for power operations, and
include consideration of large early release frequency. The current scope excludes low
power/shutdown operations, spent fuel pool accidents, sabotage, and PRA Level 3 estimates of
consequence.

Both RES and EPRI have provided specialists in fire risk analysis, fire modeling, electrical
engineering, human reliability analysis, and systems engineering for methods development.
These improved methods have been applied at pilot plant Fire PRAs to test their viability and
effectiveness. Also, the associated procedures have been assessed for technical basis,
practicality, and scope by technical review panels comprised of industry participants.

A formal technical issue resolution process was developed to direct the deliberative process
between RES and EPRI. The process ensures that divergent technical views are fully considered,
yet encourages consensus at many points during the deliberation. Significantly, the process
provides that each party maintain its own point of view if consensus is not reached. Consensus
was reached on all technical issues documented in this report.

The methodology documented in this report reflects the current state-of-the-art in Fire PRA.
These methods are expected to form a basis for risk-informed analyses related to the plant
fire protection program. However, such analyses rely upon an evaluation of the condition
of fire protection systems and structures which is beyond this methodology, and may need
interpretations of this methodology as well.

This document does not constitute regulatory requirements. RES participation in this
study does not constitute or imply regulatory approval of applications based upon this
methodology.
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1

PLANT BOUNDARY DEFINITION AND PARTITIONING
(TASK 1)

1.1 Purpose

For the purposes of a Fire Probabilistic Risk Assessment (PRA), the plant is divided into a
number of fire compartments. The analysis then considers the impact of fires in a given
compartment, and fires that might impact multiple compartments. This procedure establishes the
process for defining the global plant analysis boundary and partitioning of the plant into fire
compartments. The product of this task will be a list of plant fire compartments in the nuclear
power plant under analysis.

1.2 Scope

The work package developed to support the plant-partitioning task should address the following
issues:

e Basis for and identification of the limits of the selected global plant boundary,

e Basis for and results of partitioning the selected global plant boundary into fire
compartments,

e Mapping of fire compartments to plant fire areas defined in regulatory compliance activities,
and

e Documentation of the basic features of some or all fire compartments.
1.3 Background Information

1.3.1 General Task Objectives and Approach

The objectives of the partitioning task are to (1) define the global plant analysis boundaries
relevant to the Fire PRA, and (2) divide the plant into discrete physical analysis units (fire
compartments). The fire compartments form the fundamental basis of the subsequent Fire PRA.
That is, the Fire PRA will initially consider fire threats to safe shutdown primarily in the context
of the defined fire compartments. The results of the Fire PRA will be presented in terms of the
risk contribution for fires confined to a single compartment and for fires that impact multiple
adjacent compartments.
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A fire compartment is a well-defined enclosed room, not necessarily with fire barriers. Fire
compartments generally fall within a fire area, and are bounded by non-combustible barriers
where heat and products of combustion from a fire within the enclosure will be substantially
confined. Boundaries of a fire compartment may have open equipment hatches, stairways,
doorways or unsealed penetrations. The term fire compartment is defined specifically for fire risk
analysis and maps plant fire areas and/or zones, defined by the plant and based on fire protection
systems design and/or operations considerations, into compartments defined by fire damage
potential. For example, the control room complex or certain areas within the turbine building
may be defined as a compartment.

The preceding discussion provides sample criteria for defining fire compartments when
partitioning a plant for Fire PRA.

One of the most important effects of the plant partitioning process is in relation to the qualitative
and quantitative screening tasks. Qualitative screening (Task 4) assesses each compartment,
assuming that fires confined to that single compartment will fail all safe shutdown (SSD)
components and cables in the compartment. Similar assumptions are made in the first
quantitative screen (Task 7), and again, compartments are screened as individual contributors.
Multi-compartment scenarios are also explicitly screened and/or analyzed based on the
compartment definitions, and in particular, postulating failure of the partitioning elements that
define each compartment. Hence, the definition of fire compartments is critical to the analysis.
It is important that fire compartments be defined in a reasonable manner that appropriately
supports the Fire PRA.

The partitioning process involves two competing considerations that should be balanced by the
analyst. Partitioning the plant into a greater number of compartments has potential advantages,
in that each individual compartment may be easier to analyze as an individual risk contributor.
This does, however, increase the burden for the analysis of multi-compartment fire scenarios.
Defining a smaller number of larger compartments also has advantages in certain cases,
particularly for areas that the analyst expects might screen during qualitative screening

(Task 4) or during initial quantitative screening (Task 7).

Ideally, the combination of individual compartment analyses and multi-compartment analyses
will reach the same final numerical estimates of the plant-wide fire risk, regardless of how the
partitioning was performed. This will be accomplished since identification and analysis of
multi-compartment fire scenarios will begin with all fire compartments that are screened,
qualitatively or quantitatively. In practice, an ideal consistency may be difficult to achieve and/or
demonstrate. Furthermore, the partitioning decisions impact the presentation and interpretation
of the Fire PRA results in terms of single and multi-compartment fire scenario contributions.
Excessive partitioning, beyond that recommended in Section 1.5.2, may appear to artificially
dilute the contribution of a given room to fire risk, and should be avoided. When in doubt,
retention of larger and more clearly delineated fire compartments is generally considered the
more conservative approach.
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1.3.2 Assumptions

The partitioning task assumes that a range of fire protection features will be effective at
containing the damaging effects of a fire under most fire conditions. These features include
fire-rated barriers, non-fire-rated barriers, active features, such as water curtains, and in some
cases spatial separation. The potential failure of a credited partitioning feature is addressed in
the multicompartment fire scenario analysis task (see Task 11).

1.4 Task Interfaces

1.4.1 Input from Other Tasks

No input from other activities in the Fire PRA is necessary for the definition of the global plant
boundary and partitioning of the plant into fire compartments.

1.4.2 Additional Plant Information Needed to Support this Task

In preparation for the partitioning task, the analyst should possess substantial knowledge of the
plant layout, the characteristics of compartment boundary elements, and the general location of
plant systems and equipment. For multiunit sites, a general knowledge of the extent to which
systems, components, cables, and areas are shared between units is also needed.

Plan and elevation views of different buildings in the plant, as well as walkdowns, may be used
to perform this task.

1.4.3 Walkdowns

Confirmatory walkdowns will be necessary to complete the partitioning process, although these
walkdowns may be deferred pending the identification of walkdown needs associated with other
analysis tasks (e.g., fire ignition frequency analysis and fire modeling tasks). Step 3 of this task
and Support Task A provide additional information about the recommended walkdown.

1.4.4 Outputs to Other Tasks

The list of fire compartments developed in this task is used throughout the balance of the
Fire PRA. The partitioning decisions made in this task define the physical plant analysis units
(the fire compartments) —that form the fundamental basis of the Fire PRA.
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1.5 Procedure

1.5.1 Step 1: Selection of Global Plant Analysis Boundary

The partitioning task begins with a liberal definition of plant areas of potential interest to the Fire
PRA; the global plant boundaries. The definition of the global plant analysis boundary should be
a relatively straightforward exercise. The intent is to define this boundary so that all locations
with the potential to contribute visibly to fire risk are captured. Hence, the global plant analysis
boundary is defined in a broadly inclusive manner. Unimportant areas within this boundary will
be readily identified and eliminated from further analysis during the early screening tasks

(e.g., Tasks 4 and 7).

It is likely that various areas covered by global plant analysis boundary will actually contain no
equipment of interest to the Fire PRA. These areas will likely screen during qualitative screening
(Task 4). For such areas, there is no benefit to be gained by additional partitioning of the area.
For example, an administrative office building or warehouse within the protected boundary may
be identified as a single fire compartment, even though there is extensive internal partitioning of
the building. Such buildings will likely screen, and further partitioning of the building would not
benefit the analysis.

The global plant analysis boundary should encompass all areas of the plant associated with
both normal and emergency reactor operating and support systems, as well as power production
(e.g., the turbine building). Note that for multiunit sites, the global plant analysis boundary
should initially encompass all units. Some refinement of this decision may be appropriate in
cases where sister units are physically and functionally separated (no shared areas, no shared
systems, no shared components and associated cables, no conjoined areas) and where the
analysis is limited to one unit. Upon confirmation of unit separation, the global analysis
boundary might be reduced to encompass only the unit under analysis.

Selection of the global plant analysis boundary should begin with the protected areas of the plant.
For most sites, this should be sufficient to capture the important fire risk contributors. However,
a review should be performed to ensure that locations not included within the protected area
could not contribute to fire risk. In particular, the plant analysis boundary should encompass all
locations that house any of the Fire PRA components and cables identified in Tasks 2 and 3

(Fire PRA Equipment Selection and Fire PRA Cable Selection, respectively).

1.5.2 Step 2: Plant Partitioning

The global plant analysis boundary defined in Step 1 should be divided into fire compartments
using the definition of fire compartment (see Section 1.3.3). The process for defining fire
compartments should start with existing plant partitioning as documented, for example,

in regulatory compliance documents associated with the plant fire protection program.

This information is generally documented in the plant Fire Hazards Analysis (FHA) or

other equivalent compliance documentation, and will typically divide the plant into fire

areas. The FHA may also identify fire zones within the fire areas. Partitioning decisions should
not, however, be finalized until one or more confirmatory walkdowns have been performed.
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As noted above, fire areas defined in a regulatory context should satisfy the criteria of fire
compartments in the context of the Fire PRA. However, care should be exercised in accepting
fire zones as equivalent to fire compartments. Fire zones may be defined in the context of a
fixed fire protection system, i.e., the zone of coverage. A fire zone may not satisfy the fire
compartment definition.

Where possible, the use of a consistent naming scheme for fire compartments with an existing
fire area (or zone, if appropriate) names will facilitate plant familiarity with this new subdivision.
That is, it is highly desirable to utilize the fire area (or zone) designations identified in fire
protection program compliance efforts when designating fire compartments. For example, if
“Fire Area 25 is partitioned into three fire compartments, a consistent naming scheme for these
compartments, e.g., 25A, 25B, 25C, should be employed. If a fire compartment maps to a fire
zone, the fire zone designations should be used. In all cases, fire compartments should be
traceable to one (or more) plant fire area(s) or zone(s).

Upon completion of the partitioning task, no two partitioned volumes should overlap each
other. That is, each location within the plant analysis boundary should map to exactly one
fire compartment.

For multiunit sites, specific consideration of shared components, systems, and/or areas is needed.
The final treatment of such issues may need some iteration on partitioning. For multiunit sites,
one may be analyzing one or more units. In either case, for the purposes of initial partitioning,
shared fire areas should be identified and partitioned, as well as other areas of the unit(s) being
analyzed. Note that a shared fire area should not be partitioned based only on segregation of one
unit’s components from those of another unit.

If more than one unit is being analyzed, the shared compartments should be identified as

being associated with each unit, as applicable. However, compartment definitions should be
consistent between the two units for such shared areas. If only one unit is being analyzed, it may
be appropriate to partition the balance of the sister unit(s) (e.g., those areas that are not shared) as
a single compartment in anticipation of screening those areas during qualitative screening

(Task 4).

To ensure completeness and to avoid double accounting, the partitioning process should comply
with the following:

e The collection of defined fire compartments should cover all areas encompassed by the
global plant analysis boundary (as defined below), and

e No two fire compartments should share the same space, i.e., each location within the global
plant analysis boundary should map to one, and only one, fire compartment.

In the effort to partition the plant into fire compartments, the analyst will encounter a wide range
of field conditions and will address unique applications/needs with respect to the Fire PRA.
Definitive sets of partitioning criteria (i.e., rules for defining compartment boundaries) have not
been found that can cover all potential field conditions and applications. The Fire PRA process is
designed to minimize the level of effort spent on low fire risk areas of the plant and maximizes
the level of detail used to analyze high-risk areas. Therefore, analyst judgment is necessary for
plant partitioning.
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The Fire PRA process is facilitated if the compartments are defined to minimize the need for
defining and analyzing multicompartment fires (i.e., damage to SSD components and cables in
more than one compartment). This feature allows the analysis to focus primarily on individual
fire compartments and minimizes the level of effort expended on identifying and analyzing
multicompartment fire scenarios that may be risk significant.

As a starting point, the analyst should identify the fire areas defined in the context of the plant’s
regulatory compliance fire protection program. The fire area definitions used in regulatory
compliance should readily satisfy the PRA fire compartment partitioning criteria. However,
caution should be used in applying fire zone definitions as in other contexts. In particular, fire
zones may be associated with the “zone of coverage” of a fire detection or suppression system,
and these zones may not correspond to partitioning elements, i.e. fire compartments applicable to
a Fire PRA.

Individual fire areas can be retained in total as fire compartments without further partitioning.
However, with proper justification, a fire area may be partitioned into two or more fire
compartments. In some rare cases, it may also be advantageous to combine two or more fire
areas into a single fire compartment, particularly if the combined compartment is expected to
have a minimal risk contribution (e.g., it may screen at an early stage of the analysis).

As defined above, a fire compartment is a “well-defined volume within the plant ... that
is expected to substantially contain the adverse effects of fires within the compartment.”
The terms “well-defined volume” and “substantially contain™ are obviously imprecise.
It is the interpretation of these terms that needs the analyst’s judgment.

In ideal terms, a well-defined volume would correspond to an enclosed room or to an area
separated by permanent physical partitions. However, features other than permanent physical
partitions may also be credited in partitioning (see further discussion below). Regardless

of the partitioning elements credited, the defined compartment should represent a clearly
distinguishable area of the plant. In general terms, “substantially contain” should be interpreted
in the context of fire plume development, the development of a hot gas layer, direct radiant
heating by the fire, and the actual spread of fire between contiguous or noncontiguous fuel
elements. That is, a fire compartment should substantially contain these fire behaviors.

It is acknowledged and accepted that smoke from a fire may spread beyond a fire compartment.
It is also acknowledged and accepted that the fire itself may spread beyond a fire compartment,
given failure of credited partitioning feature (this behavior is treated in the multicompartment
fire analysis). However, the credited partitioning features should assure that the spread of fire
and damage to the adjacent compartments is highly unlikely, even if the fire is not promptly
suppressed.

Partitioning features that would clearly meet the fire compartment definition include the
following.

e Any fire barrier with a minimum fire protection endurance rating of one hour can be credited
in partitioning. This assumes that all elements of the fire barrier meet this minimum rating
(e.g., doors, penetration seals, etc.).
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Any partition that, while not explicitly rated as a fire barrier, is substantial enough to meet
the conditions defining one-hour fire endurance rating can be credited in partitioning. For
example, a well-sealed concrete wall with a minimum thickness of 4 inches would be
considered an adequate partition in the Fire PRA context, even if it lacks an explicit fire
rating.

Features that should not be credited in partitioning include the following:

Partial height walls or barriers—these may extend from the floor upward, or from the ceiling
downward (this is not intended to, a-priori, exclude the crediting of walls with small unsealed
gaps, typically below ceiling),

Beam pockets,
Radiant heat shields, and

Equipment obstructions, e.g., pipes.

Beyond these simple examples, judgment may be necessary. The following examples are the
types of considerations that will likely be encountered.

Open doorways: Various walls that otherwise meet the partitioning criteria may have open
doorways. In general, the existence of an open doorway does not preclude the crediting of the
wall in partitioning. However, the analyst should consider whether or not combustible fuels
exist in close proximity to one or both sides of the opening. An example would be an open
doorway with cables directly above one or both sides of the doorway. In this case, hot gasses
passing through the open doorway might ignite these cables, and crediting of the partition
may not be appropriate.

Unsealed cable penetrations: Various partitions (walls and floor/ceiling elements) may
contain unsealed openings through which cables pass (note that an unsealed opening would
imply that the partition is not a rated fire barrier). Unprotected cables represent a likely path
for direct fire spread. Hence, it is likely inappropriate to credit a partitioning element that
contains unsealed cable penetrations through which unprotected cables pass. Particular care
should be exercised when the openings involve vertical cable runs, given the enhanced fire
spread rate associated with vertical cables. Note that in this context, additional credit might
be taken if either a fire wrap or fire-retardant coating protects the cables, or the cables are
all routed in conduits.

Grating: In many cases, various elevations of a given plant area may be separated by
incomplete floor/ceiling structures, especially where portions of the floor/ceiling are covered
by metal grating (these openings are often related to the building’s ventilation flow). In such
cases, the floor/ceiling might still be credited in partitioning, but consideration should be
given to the size of openings. If openings represent a substantial fraction of the total partition
area, or are of substantial size in an absolute sense, it may be inappropriate to credit the
partition in defining compartments. The analysis should also consider the cumulative size

of multiple openings.

Open stairwells: Open stairwells may connect various levels of a building. In general, the
existence of an open stairwell would not preclude partitioning of the region by floor.
However, the analyst should consider the proximity of fire ignition and fuel sources

to the stairwell.
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e Spatial separation, outdoor locations: In exterior locations, spatial separation is an acceptable
basis for partitioning. For example, the switchyard is often partitioned as a separate fire
compartment from other outdoor areas. Outdoor areas do not involve the potential
development of a hot gas layer, but are instead dominated by radiant heating of nearby
objects. Hence, spatial separation should be considered in the context of radiant heating.

e Spatial separation, indoor locations: Spatial separation for interior (or covered) spaces is a
particularly difficult challenge with respect to partitioning. Note that spatial separation that
may be acceptable in the context of regulatory compliance (e.g., the Appendix R of 10 CFR
Part 50, 20" separation criteria or a regulatory deviation or exemption) is not, a-priori, an
acceptable basis for Fire PRA partitioning. However, in some cases, spatial separation may
represent an acceptable basis for plant partitioning. In general terms, spatial separation
should only be credited in very large volume spaces with minimal combustible fuel loads,
e.g., areas where the potential for developing a damaging hot gas layer can be dismissed.
The separation available should be extensive and free of both combustibles and fire ignition
sources, 1.e., there should be no path for direct fire spread and essentially no potential for
damaging radiant heating effects. In the case of vertical separation, the potential for damage
or fire spread due to flame zone and fire plume effects should also be considered. The analyst
should also be prepared to have partitioning decisions based on spatial separation challenged
during review. Hence, clear documentation of the bases for such decisions is needed. Typical
applications where spatial separation has been credited in a Fire PRA include the main
turbine deck, boiling water reactor (BWR) reactor buildings, and containment.

Another factor that should be considered in the partitioning exercise is the level of detail
available for mapping Fire PRA components and cables within the plant. Ultimately, the analyst
will map Fire PRA components and cables to specific fire compartments, and possibly to specific
locations within a fire compartment. If the information available cannot support this mapping to
the level of partitioning exercised in this task, the value of the additional partitioning is reduced.

Partitioning is most helpful when specific fire ignition sources are segregated from specific
Fire PRA components and cable damage targets in such a way that they can be partitioned into
separate fire compartments. If appropriate segregation cannot be assured, e.g., due to a lack of
detailed cable routing information, then additional partitioning may provide little benefit to the
analysis.

For example, if the plant cable routing information only traces cables to the level of their
existence in, or exclusion from, a given fire area, partitioning beyond fire areas may provide little
benefit to the Fire PRA. If cable locations within a fire area are not known, then conservative
assumptions regarding potential cable damage will need to be made. As a result, the potential
damage states assumed in the analysis will be essentially identical for each scenario developed

in that fire area, regardless of the assigned partitions within the fire area.

There are at least two potential exceptions to this observation. First, additional partitioning may
be desirable if additional routing information will be developed as a part of the Fire PRA. This
might also apply even if the information will not be developed immediately, but is anticipated in
support of potential future applications. Second, additional partitioning may be desirable if it
helps to more clearly focus the analysis. For example, if most of the significant fire ignition
sources in a fire area are confined to one or more compartments within the area, then additional
partitioning may be desirable. That is, if the balance of the fire area lacks substantial fire ignition
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sources, the analysis may conclude that the partitioned compartment was the primary source of
fire risk for the fire area. This kind of insight might be useful in various applications.

1.5.3 Step 3: Compartment Information Gathering and Characterization

The partitioning task includes at least one plant walkdown designed to confirm the partitioning
decisions. That is, the primary purpose of the walkdown is to confirm the existence and integrity
of the partitioning features and elements credited in defining each fire compartment. The
confirmatory walkdown provides an opportunity to adjust and finalize the compartment
definitions.

The confirmatory walkdown also provides an opportunity to gather basic information regarding
each defined fire compartment. The information gathered facilitates development of the Fire
PRA database (Support Task B), compartment fire ignition frequencies (Task 6), and fire
modeling (Tasks 8 and 11). The information desirable to document for future reference includes:

1. Compartment boundary characteristics (e.g., walls, ceiling, floor, doors, penetrations,
dampers, etc.);

Ventilation features, and connections;

Fire protection features (e.g., detection, suppression, localized raceway fire barriers, etc.);
Fire source hazards (ignition and fuel source types and numbers);

Identification of all adjacent compartments (above, below, and to all sides);

Identification of components/systems/cables in each fire compartment;

Nk

Access routes to the fire compartment (e.g., for manual firefighting or for operator actions);
and

8. SSD human actions credited in each compartment.

The level of information needed increases as the analysis progresses, and hence, may vary
depending on the nature of each compartment. The level of documentation desired may also vary
depending on the intended application. For example, minimal documentation would typically be
needed for a stand-alone administrative/office building that is expected to screen out during
qualitative screening (Task 4).

1.5.4 Step 4: Documentation
The steps performed under this task should be documented in a work package. The work package
should contain the following.

e A list of all examined locations within the plant that provides the basis for excluding plant
locations—i.e., characterize the global plant analysis boundary.

e A list of all fire compartments, map each fire compartment to plant fire areas/zones, and
provide the basis, where necessary, for defining fire compartments.

e A simple set of general plant layout drawings that identify the fire area and fire compartment
boundaries.

e Documentation of the confirmatory walkdown(s), including findings, participating personnel,
and basic characterization information for the defined compartments (commensurate with the
objectives of the Fire PRA and its intended applications).
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FIRE PRA COMPONENTS SELECTION (TASK 2)

2.1 Purpose

This section provides the procedure for creating the Fire PRA Component List. This list serves as
the basis for those components modeled in the Fire PRA, and it is the key source of information
for which corresponding cables need to be identified and located for the Fire PRA. As such, the
Fire PRA Component List, Fire PRA Model, and corresponding cable identification are iterated
upon to ensure an appropriate correspondence among these three items. The product of this task
is a list of the equipment to be included in the Fire PRA and for which corresponding cables need
to be identified and located for the nuclear power plant under analysis.

2.2 Scope

This procedure addresses creating the Fire PRA Component List, which needs to span (a)
equipment that, if affected by a fire, will cause an initiating event such that the appropriate
fire-induced initiators can be defined; (b) all equipment necessary to support those mitigating
functions and operator actions that are credited in the analysis in response to any initiator, as
well as (c) that equipment which can be a source of undesirable responses adverse to safety
during a fire-induced accident sequence, such as a component that can spuriously operate .
The terms “equipment” or “components” as used in this procedure are considered synonymous
and meant to include plant components such as valves, fans, pumps, etc.; structures; barriers;
indicators; alarms; and other devices as appropriate. It is recommended that all the equipment
credited in the Internal Events PRA (especially equipment in electrically diverse systems) be
included in the Fire PRA Component List. More specifically, the scope of the Fire PRA
Component List should include the following major categories of equipment:

e Consideration of equipment whose fire-induced failure will cause an initiating event to be
modeled in the Fire PRA Model (in this case, the appropriate initiator for a compartment
needs to be defined, not that the equipment itself has to be modeled);

e Equipment to support the success of mitigating safety functions credited in the Fire PRA,
including equipment implicitly included in Internal Events PRA recovery models;

e Equipment to support the success of operator actions credited in the Fire PRA;

e Equipment whose spurious actuation or other fire-induced failure modes could have an
adverse effect on the success of the mitigating safety functions credited in the Fire PRA; and

e Equipment whose spurious operation or other fire-induced failure modes could likely induce
inappropriate or otherwise unsafe actions by the plant operators during a fire damage
sequence.
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In many cases, the same equipment might be in several of the five major categories.

For example, the reactor vessel safety relief valves (SRVs) in a boiling water reactor (BWR) may
be credited to open in the analysis for emergency depressurization purposes. However, should
the SRVs subsequently close due to a fire-induced failure mode or open when not desirable, they
can be a source of an undesirable response during a fire and may cause a plant trip. For these
reasons, the SRVs would be on the Fire PRA Component List. Sometimes the equipment may
only relate to one or two categories. For example, the residual heat removal (RHR) high-low
pressure interfacing valves in a pressurized water reactor (PWR) may not be needed to perform
a safety function if the shutdown cooling mode is not credited in the fire analysis. However,
fire-induced opening of these valves, if they remain powered, could cause an interfacing LOCA
(initiator) and possibly cause environmental-related failure of other systems that are credited

in the analysis. For this reason, and because such a failure could potentially lead to a high
consequence event involving both core damage and containment bypass (see more on such cases
in Section 2.5.6), the RHR interfacing valves would be on the Fire PRA Component List.

Similarly, a limited set of mitigating equipment, as well as instrumentation and diagnostic
equipment such as indicators, lights, alarms, and similar devices considered necessary to support
successful operator actions (e.g., such as carrying out the Emergency Operating Procedures
(EOPs), following specific Fire Emergency Procedures (FEPs), or to credit certain recovery
actions), or the failure of which could cause inappropriate operator actions, should also be added
to the Fire PRA Component List (more on this in Section 2.5.5). Examples could be remote
shutdown panel (or areas) equipment and controls, pump room high temperature alarms, certain
plant parameter indications with no or little redundancy in the indication, among others.

Because a key emphasis of the Fire PRA Component List is to identify and track relevant cables
in Task 3 that could be affected by fires in the plant, the list need not contain passive/mechanical
equipment (i.e., non-electrical components) deemed by the analyst to be unaffected by fires.
Such equipment may be manual valves, check valves, filters, heat exchangers, tanks, etc.
(However, note that temperature, level, or other indications associated with this equipment

may need to be on the list for operator action purposes). It is recommended that as part of this
procedure, the analyst has identified those types of passive/mechanical equipment that do not
need to be on the Fire PRA Component List, even though the equipment may be in the Fire PRA
Model with regard to other mechanical failures, such as random plugging. The plant’s existing
fire analyses or the internal flooding PRA will typically have a similar list of component types
not considered affected by fires or flooding, and should be good starting points for creating a list
of components not vulnerable to fire. In considering components that should not be affected by a
fire, any potential damage to valve packing and other valve internals, filter materials, etc., should
not be possible or at least not prevent the equipment’s operation, should it be necessary. As part
of identifying whether non-electrical equipment is or is not vulnerable to fire effects, the analyst
should also be sensitive to identifying such situations as instrument air piping/tubing that is
copper or has soldered joints that may fail under high heat conditions and thus fail the instrument
air function. In such cases, the PRA model needs to reflect these possible non-electrical
equipment failures for applicable compartment fires.
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2.3 Background Information

2.3.1 General Task Objectives and Approach

This task’s primary purpose is to determine that equipment for which cable identification
and location is necessary. This is needed in order to identify what equipment fires in various
locations may affect. A fall-out of creating the Fire PRA Component List is determining the
majority of the equipment scope in the Fire PRA Model subject to that equipment which is
screened out in subsequent tasks or does not need cabling information.

In order to arrive at the Fire PRA Component List, the two most significant inputs available are
used to start creating such a list; the Internal Events PRA (with knowledge of any unique aspects
from any existing Fire PRA) and the Fire Safe Shutdown Analysis (e.g., called Appendix R of
10 CFR Part 50 Analysis at some plants). Together, these two inputs provide much of what is
needed for the Fire PRA. However, because these two analyses were performed for different
purposes, this procedure calls for a reconciliation to make sure the differences are appropriately
considered. Steps 1 and 2 of this procedure address the analysis activities to start the Fire PRA
Component List from the Internal Events PRA and how to perform the reconciliation between
the Internal Events PRA and the Fire Safe Shutdown Analysis. Where options are available to
the analyst in carrying out these steps, those options and corresponding considerations are
offered.

Steps 3 through 6 address how to build on the product of Steps 1 and 2 and more completely
identify the equipment of interest. As in the earlier steps, where options are available to the
analyst in carrying out each step, they are noted and briefly discussed.

All the options can be generally considered as tradeoffs between the level of accuracy and
completeness of the Fire PRA vs. the resources needed to achieve that level. The latter steps in
the procedure are largely additions to the Fire PRA Component List from Steps 1 and 2 to make
the list more complete and to ensure no potentially important equipment has been missed. For
instance, Steps 4 and 5 address the potential for spurious equipment operation or malfunctions
that could affect system performance and/or operator performance during the response to a fire.
Such spurious operations are usually too improbable for consideration in the Internal Events
PRA, but in the case of a fire, multiple spurious equipment operations or malfunctions may be
somewhat likely and cannot easily be dismissed. Step 6 addresses the special subject of
equipment whose failure may cause “potentially high-consequence” events to ensure this
equipment is included in the list.

Finally, Step 7 covers the documentation of the Fire PRA Component List.
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2.3.2 Assumptions

The following key assumptions underlie the use of this procedure.

2-4

A good, quality Internal Events PRA and Fire Safe Shutdown Analysis are available.

The analysts, collectively, have considerable knowledge and understanding of the
plant systems and operator performance, as well as the Internal Events PRA and the Fire
Safe Shutdown Analysis, and/or have access to other staff that can provide such input.

The scope and number of spurious equipment operations or malfunctions of concern can
easily grow to proportions that are unreasonable to address without unlimited resources.
An approach for addressing this subject is found under Steps 4 and 5, with additional
considerations provided in Appendix A. In carrying out those steps, it is assumed the
analysts will:

— As aminimum —

(a) identify cases where the spurious actuation or mal-operation of any single component
within each system would affect a safe shutdown function (e.g., spurious actuation
of a valve in the AFW system which creates a flow diversion path in AFW), and

(b) identify cases where a single indicator/alarm associated with a particular operator
action of interest would cause an undesirable operator action (e.g., a spuriously operating
high-temperature pump motor alarm leading to the operator shutting down the pump);

— And then as resources allow —

expand the above search within each system or for operator actions of interest to
simultaneous “doubles,” “triples,” or even more combinations of spurious operations or
failures (e.g., multiple valves, multiple indicators). However, as a practical matter, going
beyond “triples” or even “doubles” may prove unwieldy and of little value considering
the reasonably low likelihood of three or more affected devices at the same time. For
instance, there may be reasons that the likelihood of spurious operation of a component(s)
can easily be judged to be low and thus not worthy of consideration (e.g., by looking
ahead and implementing criteria in Steps 4 and 5 that address ways to limit the number
of coinciding spurious events to be considered).

It is not expected that these searches will cross system boundaries (e.g. a spurious operation
of a high pressure injection (HPI) isolation valve with a spurious operation of an AFW valve)
or involve multiple operator activities. Keeping within this framework is analogous to

the current state-of-the-art for treating common cause failures in Internal Events PRAs
(identified within each system boundary), and thus is considered appropriate for the Fire
PRA. This is not to say that the procedure specifically precludes examinations across systems
or activities. In fact, if the analysts are aware of known vulnerabilities that cross system or
activity boundaries or can easily examine for such simultaneous failures, their inclusion is
encouraged. Note that when these individual failures are included in the Fire PRA Model

and the model is “solved” for combinations of events that cause core damage or a large early
release, combinations of spurious events across systems will automatically be identified.
These can be dealt with during the quantitative screening (Task 7) and subsequent analysis
tasks as appropriate.
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2.4 Task Interfaces

2.4.1 Input from Other Tasks

Given that the initial development of the Fire PRA Component List will largely come from the
existing Internal Events PRA and any existing Fire Safe Shutdown Analysis, this task only needs
initial assistance from those analysts performing Task 12, Post-Fire Human Reliability Analysis,
to define operator actions and hence related equipment (e.g., specific indicators) of potential
significance when carrying out Step 4. However, it is also assumed that two prerequisites have
been satisfied. The first is the plant boundary definitions and compartment designations from
Task 1, Plant Boundary Definition and Partitioning, so that the Fire PRA Component List can
include associated location information about each equipment item as well as be useful in
defining initiating events for each compartment in Step 3 of this procedure. The second assumed
prerequisite, related to Support Task B, Fire PRA Database System, is that the information
needed about each component has been agreed upon and is therefore compatible with the
expected input for that database.

The initial development of the Fire PRA Component List should be as complete as possible.
However, as is the iterative nature of PRA, the Fire PRA Component List may need

to be modified by products of other tasks in the Fire PRA process. For example, if Task 12,
Post-Fire Human Reliability Analysis, develops new fire-related actions to consider in the
analysis, the Fire PRA Component List might have to include new instruments that uniquely
support these additional actions (with subsequent cable identification, etc.). In some cases, the
analysts may decide that it is more efficient to perform portions of other tasks to demonstrate that
certain equipment items do not have to be included on the list (e.g., demonstrating that a valve
cannot spuriously fail/operate in an undesirable state). While this latter approach should be
followed with care since it tends to disrupt the logical flow of first including any potentially
important equipment and then finding reasons to later screen items from the analysis, there may
be times when the resource tradeoffs may make this the best course of action. Thus, the analysts
should be open to adjusting the Fire PRA Component List as other task products affect the scope
of the Fire PRA Model, whether the other tasks are performed after Task 2 (the normal flow
expected in carrying out the process) or before or in conjunction with Task 2.

2.4.2 Additional Plant Information Needed to Support this Task

This procedure assumes the availability and use of the following to support the creation
of the Fire PRA Component List.

e Internal Events PRA (with use of any existing Fire PRA models, insights, etc.),
e Fire Safe Shutdown Analysis,
e Plant P&IDs and electrical diagrams,

e Plant procedures (e.g., emergency operating procedures, fire procedures, annunciator
response procedures),

e Technical Specifications to determine possible limiting conditions of operation (LCOs)
requiring forced shutdown of the plant (see Step 3), and

e Other plant drawings and documents, as necessary.
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Analysts’ knowledge of plant system operation, potential failure modes of equipment, and
potential operator responses related to possible conditions of equipment or instrumentation
will enhance the use of this procedure and make it more efficient.

2.4.3 Walkdowns

Most likely, existing documentation will be adequate to provide all the necessary information
produced for the Fire PRA Component List as described in Step 5. Thus, walkdowns will
generally not be necessary for this task. However, especially for equipment location information,
there may be times when a walkdown is needed to determine or verify certain information.

In such cases, this need for a walkdown should be planned so as to coincide with other task
walkdown needs for efficiency reasons. See Support Task A, Plant Walkdowns.

2.4.4 Outputs to Other Tasks

The primary product of this procedure, the Fire PRA Component List, is used to support Fire
PRA Cable Selection (Task 3), to provide the necessary inputs about each equipment item into
the Fire PRA Database System (Support Task B), and to provide a basis for much of what is
modeled in the Fire-Induced Risk Model (Task 5), as modified by subsequent screening and
other tasks).

2.5 Procedure

The steps that follow provide a method to create the Fire PRA Component List. While this
procedure might suggest this task is carried out once, it should be recognized that as a practical
matter, PRA is an iterative process. Hence, as other tasks are performed, there may be reason to
revisit and redo portions of Task 2 during the development, screening, and eventual
quantification of the Fire PRA.

While it is recommended that Step 1 be performed first, Steps 2 through 5 can be done in any
order or coincidentally, as preferred by the analyst. A possible logical order is provided here for
procedure writing purposes.

2.5.1 Step 1: Identify Internal Events PRA Sequences to be Included
(and those to be excluded) in the Fire PRA Model

In this step, the Internal Events PRA Model is reviewed to identify the accident sequences that
should potentially be included in the Fire PRA and, hence, initiate the identification of the
related equipment to be included in the Fire PRA Component List. This step sets the initial scope
of the fire analysis. The step may both initially reduce as well as add sequences and associated
components. For example, Step 1 may identify accident sequences and associated components
that are included in the Internal Events PRA Model that can be deleted because they are
irrelevant to the Fire PRA. The step may also identify new fire-related accident sequences and
associated components that are not currently covered in the Internal Events PRA Model.
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Possible Elimination of Sequences and Equipment

The types of sequences that could generally be eliminated from the PRA include the following.

e Sequences associated with initiating events involving a passive/mechanical failure that can
generally be assumed to not occur as a direct result of a fire. These typically include LOCAs
(pipe breaks only—not due to valve openings), vessel failure, steam generator tube ruptures,
and other secondary system pipe breaks (e.g., main steam and feedwater line breaks).

e Sequences associated with events that, while it is possible that the fire could cause the event,
a low-frequency argument can be justified. For example, it can often be easily demonstrated
that anticipated transient without scram (ATWS) sequences do not need to be treated in the
Fire PRA because fire-induced failures will almost certainly remove power from the control
rods (resulting in a trip), rather than cause a “failure-to-scram” condition. Additionally, fire
frequencies multiplied by the independent failure-to-scram probability can usually be argued
to be small contributors to fire risk.

e Sequences on the basis of other specific considerations. For example, it may be decided that
no credit will be given in the Fire PRA for certain systems (e.g., RHR shutdown cooling) for
reasons related to the anticipated size of the Fire PRA Model and a desire to simplify it (or
other considerations). In such a case, any sequences involving the potential success of RHR
shutdown cooling would also be eliminated, perhaps eliminating the need to include RHR
shutdown equipment in the Fire PRA Component List unless some of the RHR equipment
would still need to be included because of spurious operation or other concerns. As another
example, the analysts may choose to only credit and model safe shutdown paths associated
with fires, such as limiting the effort to just Appendix R of 10 CFR Part 50 equipment. This
type of elimination has obvious tradeoffs—simplification of the model vs. a higher risk from
fire because no credit for other redundant equipment is given in the Fire PRA. Hence, such
elimination should be done thoughtfully and with consideration of future applications of the
Fire PRA. In general, all mitigation systems and related equipment for a given scenario in
the Internal Events PRA should be included in the Fire PRA. If the scope of the Fire PRA will
instead be limited, such as only addressing Appendix R of 10 CFR Part 50 equipment, a
special ‘caution’ is discussed in Appendix A to ensure the resulting analysis is conservative
(see Appendix A).

Whatever is eliminated, justification for exclusion of any scenarios and the resulting “reduced”
PRA model should be noted. In particular, be careful not to eliminate sequences that could
adversely affect equipment for which credit is given in the Fire PRA. For example, steam
generator overfeeds may be considered for elimination, since they involve overcooling and not
lack of cooling to the core. However, if the steam driven auxiliary feedwater pump is credited, its
operability could be adversely affected by such an overfeed causing subsequent failure and
possible loss of all ‘credited’ steam generator feed.

All remaining sequences in the Internal Events PRA Model (besides possible new sequences
and equipment addressed below) will be considered in the development of the Fire PRA Model
if, for instance, it is intended that the Fire PRA will credit more than just the Appendix R
equipment. The equipment associated with the remaining sequences is the primary basis and
the recommended starting point for creating the Fire PRA Component List (but not including
mechanical/passive equipment, as suggested earlier).
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Possible Additions of Sequences and Equipment

Besides the specific cases for adding components to the Fire PRA Component List (and hence
to the Fire PRA Model) addressed later in Steps 2 through 6 of this procedure, the following
process should be followed to identify any new sequences and associated components that need
to be added to the resulting Fire PRA Model and the Fire PRA Component List. It is suggested
this be done using an expert panel type of approach or similar technique that utilizes a wide
experience base covering possible plant upsets and the potential accident sequences that could
result.
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Sequence considerations that were screened out of the Internal Events PRA may become
relevant to the Fire PRA and need to be implemented in the Fire PRA Model. For example,
spurious safety injection is often screened out from the Internal Events PRA and yet may be
important for fires that could cause both the spurious injection and damage to one or

more pressurizer PORVs such that pressurizer SRVs are challenged. These SRVs could
subsequently stick-open causing a complicating LOCA accident sequence. A review should
be conducted for such scenarios originally eliminated from the Internal Events PRA to
determine if the analyst needs to add components to the Fire PRA Component List as well as
model those components (and failure modes) in new sequences in the Fire PRA Model.

Particularly when considering the possible effects of spurious operations, new accident
sequences and associated components of interest may be identified that should be addressed
in the Fire PRA and go beyond considerations in the Internal Events PRA. Typically, these
new sequences arise as a result of spurious events that:

e cause a LOCA: e.g., PORV opening, reactor coolant pump seal failure,
e adversely affect plant pressure control: e.g., letdown or safety relief valve events,

e allow overfill situations: e.g., reactor vessel or steam generator overfill that if unmitigated
could subsequently fail credited safe shutdown equipment such as turbine-driven
feedwater or auxiliary feedwater pumps, or

e introduce other “new” scenarios that may not be addressed in the Internal Events PRA.

Thus a search should be conducted, in concert with carrying out all the steps of this
procedure, for new functional challenges on the plant not otherwise accounted for especially
because of spurious event considerations.

A review of the FEPs or similar fire-related instructions should be conducted (as addressed
under Task 12). To the extent the associated human actions and their effects will be explicitly
included in the Fire PRA Model, new sequences and corresponding components may need to
be included in the Fire PRA. It should be recognized that some of the human actions from
these fire-related procedures and instructions could induce new sequences not traditionally
covered in the Internal Events PRA. Illustrative examples include the following:

e The Internal Events PRA likely will not have addressed main control room abandonment
scenarios where fire-specific operator actions and equipment sets are relied upon.
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e Fire-specific manual actions designed to preclude or overcome spurious operations will
likely not have been addressed in the Internal Events PRA. An example is the appropriate
closing of a pressurizer PORV block valve by the operator to preclude the effects of a
possible spurious opening of the PORV (per a fire procedure). This may cause demands
of the pressurizer SRV and subsequent sequences not modeled in the Internal Events
PRA.

e Other procedural actions may address a degraded barrier, or deal with a breaker
coordination problem, among others.

e Fire specific manual actions may cause intentional failure of a safe shutdown function
or a subset of that functional response. For example, a proceduralized action may be to
trip a power supply thereby disabling (“failing”) certain equipment in the plant. The
effect of this action should be implemented in the Fire PRA Model by acknowledging
the affected components in the Fire PRA Component List and noting the success of the
proceduralized human action as a “failure mode” of that component in the Fire PRA
Model (including any new resulting accident sequences as appropriate).

When treating such sequences, the likely timing of the action as compared to when the
affected component is needed should also be considered. For example, if the timing of the
manual action to disable a component is such that the safety function will have already been
performed and the component is no longer required, the action to disable the component is
not detrimental and need not be addressed. To illustrate, consider a fire-specific manual
action to de-energize a PORV circuit. In various sequences, operation of the PORV would be
a desirable event. If the PORYV is disabled prior to the time when its desired function has
been performed, new sequences involving SRV challenges could arise. However, if the
disabling manual action can be shown to occur after the PORV has already performed the
desired safety relief function, and the accident sequence being addressed is such that
additional primary system pressure relief should not be needed, then the human action
disabling the PORYV need not be addressed through the addition of the new sequences

to the Fire PRA model.

Table 2-1 illustrates the thought process carried out in this step and presents a possible means to
document the choices made. The Table 2-1 entries are illustrative only; i.e., an a priori list of
sequences that can be eliminated or should be added for all plants cannot be made due to plant
differences or specific vulnerabilities. Nevertheless, Table 2-1 illustrates the sequence types that
might be eliminated or need to be added with appropriate consideration of plant specific features.
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Table 2-1
lllustration of Accident Sequence Types to be Included/Excluded in the Fire PRA

Considered in Internal

Accident Sequence Type Events PRA Considered in Fire PRA Model
Transients with loss of core | Yes yes

cooling

Transient-induced LOCAs Yes yes

Loss of Offsite Power, Yes yes, if the fire can induce loss of offsite
including Station Blackout power

Loss of DC power as an Yes yes, if the fire can induce loss of DC
initiator power

LOCAs (pipe breaks) Yes no—fire cannot induce a pipe break
Steam Generator Tube Yes no—fire cannot induce SGTR

Rupture (SGTR)

Secondary Steam/Feed Yes no for breaks—fire cannot induce a break
Line

yes, if the fire can induce spurious

Breaks/Depressurizations .
opening of a power—operated secondary

relief valve

ATWS Yes no—not likely for fires

Interfacing Systems LOCA Yes yes, if the fire can induce spurious
opening of a power—operated interface
valve

Vessel Rupture Yes no—fire cannot induce vessel rupture

(excluding pressurized thermal shock
(PTS) concerns)

Large Early Release yes, containment yes, containment isolation, containment
Frequency (LERF) isolation, containment coolers, and containment spray (if in the
Considerations coolers, and LERF model).

containment spray
(if in the LERF model).

Various types due to no yes, for those new sequences not
spurious events normally considered in the Internal Events
considerations PRA (e.g., reactor vessel or steam

generator overfill scenarios) but
considered sufficiently likely and could
threaten safe shutdown.

2.5.2 Step 2: Review the Internal Events PRA Model Against the Fire Safe
Shutdown Analysis

Considerable work has already gone into the Fire Safe Shutdown Analysis for the plant and the

identification of important equipment from that analysis perspective. Hence, it is another
significant information source in creating the Fire PRA Component List.
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In this step, a series of comparisons are made between the PRA model that is evolving from
Step 1, above, and the Fire Safe Shutdown Analysis to see if modifications (typically additions,
but further deletions could be justified) to the evolving Fire PRA Component List are
appropriate. These comparisons are related to potential differences in:

e Functions/success criteria/sequences considered,
e Systems (including support systems) considered,
e End-states affecting equipment covered by each analysis,
e Other miscellaneous equipment considered, and

e Manual actions, especially those credited in the Fire Safe Shutdown Analysis.

These differences are expected and arise for a number of reasons. First, the PRA is a best
estimate analysis and considers beyond design-basis-events, including multiple equipment
failures. The result of these two considerations is that the PRA usually models more mitigation
systems (or trains of systems) and equipment (e.g., modeling of non-safety systems that may not
be credited in the Fire Safe Shutdown Analysis or the Final Safety Analysis Report (FSAR)),
considers the possibility of losing even the “protected” Fire Safe Shutdown Analysis equipment,
and is often based on more realistic or best-estimate success criteria. Conversely, the PRA may
only model equipment necessary to achieve a hot standby end-state condition, rather than cold
shutdown, and usually considers only a sustained safe shutdown for an assumed 24 hours, rather
than 72 hours.

The PRA model will likely not include fire-related manual actions credited in the Fire Safe
Shutdown Analysis or specific operator actions associated with carrying out FEPs that are
performed in parallel with the EOPs at some plants or in place of the EOPs at other plants.

To the extent these actions should be credited or they affect the operability of certain
components, the equipment associated with these actions (as well as the actions themselves)
will need to be included in the development of the Fire PRA Component List and the Fire PRA
Model.

The PRA model may or may not contain failure modes for spurious operation of equipment,
since the random failure probabilities for these failures are often considered too improbable.
Since a fire may make the likelihood of such failure modes more important, the PRA model
needs to be expanded to include these possible spurious operations.

Finally, while the PRA model explicitly addresses the failure of instrumentation and controls
needed for automatic actuation of equipment, it usually does not explicitly treat the availability
of process monitoring and diagnostic instrumentation and controls associated with operator
actions. These are often implicitly addressed in the Human Reliability Analysis, and the
associated equipment is not explicitly included in the PRA logic models.

The mitigation systems defined in the Fire Safe Shutdown Analysis are typically based on the
following plant-critical safety functions (which may be similar, but not necessarily identical,
to that identified for PRA purposes):

e Reactivity Control,
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e Reactor Coolant System (RCS) Integrity/Pressure Control,
e RCS Inventory Control,

e Decay Heat Removal,

e Containment Integrity,

e Process Monitoring, and

e Support Functions.

The Fire Safe Shutdown Analysis ensures that at least one train of the mitigation systems needed
to perform each of the above safety functions is protected and thus credited in the design basis
fires for the plant. The systems and related equipment identified in the Fire Safe Shutdown
Analysis often stem from more conservative assumptions and success criteria than the
“best-estimate” approach used in the Internal Events PRA. This, in turn, is based on
corresponding design basis rules, such as generally crediting a single protected safe shutdown
train of equipment, and demonstrating the ability to achieve a cold shutdown end-state and
remain safely shutdown for 72 hours. The Fire Safe Shutdown Analysis also addresses the
impact of some spurious actuation due to fire-induced cable shorts during a fire scenario. Local
or manual actions are also credited to prevent equipment damage (e.g., disable a valve breaker)
or to recover equipment affected by the fire scenario (e.g., close a spuriously opened valve).
Finally, the Fire Safe Shutdown Analysis addresses the survivability of certain process
monitoring and diagnostic instrumentation and controls needed for fire mitigation.

For these reasons, the Fire Safe Shutdown Analysis and the Internal Events PRA should be
reviewed and the above differences reconciled, with the corresponding impact on the creation
of the Fire PRA Component List and potential impacts on the Fire PRA Model identified.
Additionally, modeling of components relative to unique fire-induced failure modes, such as
spurious equipment actuations, need to be added to the PRA and thus be included in the Fire
PRA Component List.

Hence, the following comparisons are to be performed, and it is advisable to document these
comparisons sufficient to retrieve the bases for the comparison results.

2.5.2.1 Step 2.1: Reconcile Function/Success Criteria/Sequence Differences

It is expected that limited additional equipment considerations will arise on the basis of the Fire
Safe Shutdown Analysis as compared to the PRA evolving from Step 1, above. Nevertheless,
any differences in the functions, success criteria, or sequences treated in the two analyses should
be identified and reconciled. This is done to determine if there are any legitimate functions,
success criteria, or sequence considerations in the Fire Safe Shutdown Analysis different

from that in the reduced PRA that either suggest additions that should be made to the PRA

(and associated equipment to the Fire PRA Component List) or justify further elimination of
equipment handled in the PRA.

For example, the Fire Safe Shutdown Analysis may specifically address certain instrumentation
as critical to key human actions as part of a sequence definition. If credit for these actions will be
carried into the Fire PRA, a limited set of instrumentation may need to be included in the Fire
PRA Component List (see Step 5) and failures of the instrumentation should be subsequently
treated in the Fire PRA Model.
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2.5.2.2 Step 2.2: Reconcile System (Including Support System) Differences

In this step, the analyst should identify other system differences between the two analyses that
may not be directly attributable to the differences identified in Step 2.1, above. These differences
should be reconciled with decisions made about the impact on the PRA and thus the Fire PRA
Component List.

For example, while it may lead to overly conservative results (as long as the scope ‘Caution’

in Appendix A is addressed), the analyst might consider excluding one or more PRA systems
(or portions of a system, such as a whole train) from the Fire PRA model based on a similar
exclusion in the Fire Safe Shutdown Analysis due to resource limitations, considering all the
cables that would otherwise need to be identified. This is not a recommended (but allowable)
practice, since it could yield overly conservative results when using the fire portion of the model
for risk-informed applications. For instance, if there are three or more diverse/redundant AFW
trains for secondary heat removal, one could conceivably make an argument for excluding the
feed and bleed function and the associated equipment considerations. A system importance
analysis on sequences selected for the Fire PRA Model can be performed using the Internal
Events PRA to determine which systems could be excluded from the Fire PRA Model without a
likely significant impact. Portions of a system or entire systems that are perceived to have a
negligible impact on risk (e.g., have a risk achievement worth of less than two in the Internal
Events PRA) may be candidates for exclusion from the Fire PRA Model. The analyst needs to
consider the potential equipment outage configurations if the Fire PRA Model will be used to
support risk-informed applications. As stated above, decreasing the fire equipment scope from
that covered in the Internal Events PRA, while allowable, is not recommended.

On the other hand, the Fire Safe Shutdown Analysis may suggest additions to the Fire PRA.

For example, the Fire Safe Shutdown Analysis may assume heating, ventilation, and cooling
(HVAC) equipment is needed to support a particular mitigation system, while the PRA

(using a best-estimate approach) may determine the HVAC is not needed during internal events.
Considering potential heat loads in fire situations or wanting to credit HVAC for smoke removal
from an area (based on insights from iterations of Task 8 or 11), could result in a decision to add
HVAC equipment to the PRA and hence the Fire PRA Component List.

The point is, in this step, the analyst is reconciling system differences and making judgments
about additions or deletions to the PRA based on different observations. While expectations are
that the PRA (and hence the Fire PRA Component List) will not change much on the basis of this
comparison, some changes may be identified as desirable.

2.5.2.3 Step 2.3: Reconcile System/Equipment Differences Due to End-State
and Mission Considerations

If not already addressed in the above steps, the analyst should identify any equipment differences
because of analysis end-state differences, such as achieving hot vs. cold shutdown. A typical
successful PRA end-state implies that the plant, at 24 hours following the initiator, is safe and
stable (not degrading). It is implicitly assumed that accident management actions will be
implemented within 24 hours, should they be necessary. In some cases, remaining at hot
shutdown is acceptable and the transitional risk of changing plant modes is averted. In other
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cases, the plant cannot remain in a stable condition at hot shutdown within the 24-hour period
and it is necessary to place the plant in cold shutdown. For example, in a LOCA situation with
failure of long-term makeup or recirculation, credit may be given for going to cold shutdown
(and thus including RHR-related equipment on the Fire PRA Component List). A review of the
necessary end-states for the selected applicable sequences should be performed.

In the Fire Safe Shutdown Analysis, a successful end-state is achieved when the plant is placed
in cold shutdown within a 72-hour period, therefore including equipment necessary to achieve
this end-state.

If the fire response procedures or the fire event itself necessitates a transition to cold shutdown,
the Fire Safe Shutdown Analysis end-state should be used. Otherwise, the PRA end-state
definitions should be used as the default. Any new equipment or failure modes added because
of end-state differences should be reflected in the Fire PRA and the Fire PRA Component List.

2.5.2.4 Step 2.4: Reconcile Other Miscellaneous Equipment Differences

In this step, other equipment differences not explained by the prior steps should be addressed.
This may come from a variety of reasons including, for instance:

e Differences in the level of modeling or definition of component boundaries. For example,
the Fire Safe Shutdown Analysis may treat equipment items separately, such as a breaker
and a pump motor, while the Internal Events PRA model may treat both under a “super-
component”—the pump. Where review of plant drawings or other information discerns that
equipment locations (e.g., breaker vs. pump motor) are different, it may be desirable to
expand the Fire PRA Component List accordingly. An alternative (and preferred) approach
is to only list the pump on the Fire PRA Component List and ensure that the cabling
identification and circuit analysis tasks (Tasks 3 and 9), as necessary, will discern the
different locations of the pump and breaker, along with their associated cabling.

e Differences due to consideration of spurious actuations or other failure modes. The Fire Safe
Shutdown Analysis will have likely considered undesirable spurious actuations and/or other
fire-unique equipment failure modes not in the current Internal Events PRA. To the extent
these are relevant to the functionality of the systems needed for the Fire PRA Model, this
equipment should be added to the Fire PRA Component List, and new failure modes should
be noted for inclusion in the Fire PRA Model. Care should be taken in the actual modeling
process, under Task 5, to ensure that mutually exclusive failure modes are prevented or
otherwise tracked for appropriateness so that, for instance, a breaker “fail to open” and “fail
to remain closed” failure modes do not appear in the same sequences/cut sets. Nevertheless,
the breaker would become an item on the equipment list. Step 4 provides a more thorough
search to identify additional equipment for inclusion because of the potential for spurious
actuations (singularly or in combination) that could challenge safe shutdown capability.
Additionally, adding the spurious actuation failure modes of electrical components should
be conditional on power availability to the component to the extent such details are known
or discovered at this point in the analysis. For example, a fire initiating in a switchgear
panel that immediately fails all power coming from the panel simultaneously prevents the
possibility of spurious control signals whose power source is the same panel. Hence these
spurious operations cannot occur under the presented circumstances and the effects of
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spurious operation should not be included with regard to the components on the list nor in
the logic model for that specific fire. When eliminating such a possibility, the expected
timing of the fire scenario also needs to be considered, as best understood at the time of
model development or during subsequent refinement of the model. In this same example,
if the fire is expected to cause quick failure of the switchgear panel as a power source but
it is possible that the flames could affect associated components’ control cables before the
switchgear power is lost, then the spurious events may still occur and need to be captured
within the logic model and on the Fire PRA Component List.

Differences due to the treatment of instrumentation and diagnostic equipment. For example,
the Fire Safe Shutdown Analysis may explicitly consider certain instrumentation and other
diagnostic equipment, while the Internal Events PRA may not model these at all. At this
stage, some of the Fire Safe Shutdown Analysis instrumentation and diagnostic equipment
should be added to the Fire PRA Component List, as they are relevant to monitor
fundamental process variables associated with the systems needed for the Fire PRA Model,
or to human actions credited in the Internal Events PRA model. Step 5 modifies and
enhances this step to identify that instrumentation and diagnostic equipment needed to
support the Human Reliability Analysis portion of the Fire PRA and for inclusion in the
Fire PRA Component List.

Differences due to the need to use/protect fire fighting equipment such as fire panels, fire
pumps and water sources, and delivery pathways, including any isolation valves. To the
extent any of this equipment is going to be credited for safe shutdown (not fire fighting)

in some fire situations, it should also be on the Fire PRA Component List; a likely addition
from that in the Internal Events PRA. Note that later in the modeling phase, care should

be taken when simultaneously crediting fire systems for both firefighting as well as safe
shutdown such as crediting a fire pump for both sprinkler operation and as an injection
source for cooling the core.

2.5.2.5 Step 2.5: Specific Review of Manual Actions

As a special consideration in the previous step, the need to specifically review manual actions
that should be credited in the Fire PRA is an important part of this Internal Events PRA and Fire
Safe Shutdown Analysis reconciliation (see more under Step 5). These will take the form of:

actions needed for safe shutdown,
actions needed to prevent or recover from spurious events, and

additional actions deemed appropriate by the operator or recommended by the procedures
(e.g., opening two trains of valves when only one is needed in case of spurious closure of a
valve).

Numerous manual actions of the types listed above are often credited in a Fire Safe Shutdown
Analysis. In this step, the need to review these manual actions and whether they should be
credited in the Fire PRA Model and to identify, if any, associated equipment items (for the
Fire PRA Component List) to carry out the actions is highlighted here to ensure it is part

of the reconciliation process.
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With perhaps the exception of following specific FEPs, it is desirable to initially take little or no
credit for manual actions (often recovery-related or preventive) cited in the Fire Safe Shutdown
Analysis until it is necessary to do so later as the Fire PRA Model is exercised (under Task 7)
and the risk-important features of the plant begin to emerge. In this way, the analysis is less
encumbered by having to account for and model such actions, and it may not have to rely on
such actions to mitigate issues where the risk is already low (indeed, it may be shown that
crediting such actions is unnecessary and perhaps can even be dropped from future fire
regulatory compliance). Whatever is done with regard to crediting such actions, the Fire PRA
model will need to include such actions if they are to be credited and any associated mitigating
equipment or diagnostic equipment necessary to take the actions (see Step 5) should also be
added to the Fire PRA Component List. Additionally, those manual actions and their effects that
will disable credited components in the Fire PRA or cause new sequences (as addressed earlier),
will need to be implemented in the Fire PRA Model and the associated components accounted
for if not already done so.

2.5.3 Step 3: Identify Fire-Induced Initiating Events Based on Equipment Affected

To the extent the above steps have not already done so, this step addresses that equipment which,
if affected by a fire, could cause an initiating event (i.e., forced shutdown of the plant). The goal
of this step is to identify what initiator(s) will likely occur if a fire in any given compartment
affects equipment identified on the Fire PRA component list. (It is not, per se, the objective of
this step to identify new component list entries.) The review for such equipment is expected to
consider:

e equipment whose failure would cause an automatic trip;

e ecquipment whose failure would likely cause a manual trip, as specified in fire procedures or
plans, or other instructions; and

e equipment whose failure will invoke a LCO that would necessitate a shutdown. In this latter
case, it is only necessary to identify cases where (a) shutdown is likely to be required before
the fire is extinguished', (b) where a potentially significant effect on safe shutdown capability
is caused by the affected equipment, and (c) where the shutdown will be modeled as a plant
trip rather than a slow, controlled shutdown of the plant based on the current modeling
practice in the Internal Events PRA. If these three conditions are not applicable, the LCO
condition need not be modeled as an initiating event. The analyst needs to judge which cases
are to be included and should provide justifications for excluding cases.

For a compartment where none of the above conditions is judged to occur (i.e., no automatic,
manual, or LCO forced trip), that compartment need not have an initiating event assigned to it.
If there are doubts as to whether any of the above criteria are met, the analyst can conservatively
assign a “reactor trip”, at a minimum, as the initiator.

Taken individually, there are numerous components in the plant whose failure could
cause an automatic or forced manual trip (e.g., many balance-of-plant components). Hence,
this identification process needs to balance the accuracy associated with identifying specific

"It is recommended that only cases where shutdown needs to occur <8 hours be considered as per reference [2.1].
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equipment items (e.g., feedwater regulator valves) with the potentially conservative treatment
of broad equipment groups identified in a global manner (e.g., feedwater equipment). The
appropriate balance is largely a function of resources and the practicalities associated with
identifying equipment and corresponding cable locations.

Any available information regarding broad definitions of system/equipment effects and locations
will be useful in this identification process, since it is simply not practical to trace cables for
every individual component that could cause a trip because of a fire. In some cases, the analyst
may need to assume that certain equipment or its cabling is in a location even though this has not
been definitively determined. For instance, the analyst may use knowledge of where electrical
buses and motor control centers are located vs. where the safe shutdown components are located
to assess that the intervening compartments likely contain associated cables of interest.

Since it is not practical to perform the necessary review of all components and their cabling

to define the fire-induced initiators for various compartments, the analyst may have to assume
an initiator will occur for a given fire. Which initiator is assumed to occur (e.g., reactor trip, loss
of feedwater, loss of air, loss of service water) should be based on a worst-case consequence
point-of-view for the assumed fire. Hence, if there is uncertainty as to the initiator caused by

a given fire in a given location because it is impractical to identify all the cabling and related
equipment in the location that might cause an initiating event, the analyst should assign a
worst-case initiator from the plant consequence perspective based on suspected initiator
possibilities and the effects of these initiators at the plant. For instance, if a fire in a AFW room
is suspected to cause an initiating event, but it is uncertain whether that would be a loss of
feedwater or a loss of offsite power (because all the equipment associated with feedwater or
offsite power have not been listed and their cables traced), the analyst should determine which
initiator would be worse from a CDF/LERF perspective for the AFW fire and assign the
initiating event accordingly. These types of judgments and the associated plant effects

(e.g., initiator type induced) should be made conservatively, justified, and documented.

2.5.4 Step 4: Identify Equipment with Potential Spurious Actuations that may
Challenge the Safe Shutdown Capability

This step is aimed at further expanding the Fire PRA Component List, and thus potentially the
Fire PRA Model, to include adequate consideration of the potential for harmful fire-induced
spurious actuations. Prior steps have considered those spurious operations identified in the
Post- Fire Safe Shutdown Analysis, and has looked for “new” sequences that might arise from
fire-specific procedures and related manual actions. In Step 4, the analyst will conduct a
systematic search for additional spurious actuations of relevance to the Fire PRA. Performing
this step can potentially be much more efficient if information from other tasks (performed ahead
of this task or iteratively with it) is simultaneously used. For instance, considering relevant fire
frequencies, severity factors, target effects, scoping CCDP/CLERP estimates, and preliminary
circuit failure analyses may eliminate the need to address some postulated spurious actuations
because they would be unimportant or cannot occur. This is important in attempting to limit the
effort and resources necessary to perform this step in the procedure; hence, it is highly
recommended that such iterations be utilized.
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In this step, the analyst performs a systematic review of spurious actuations that could challenge
the ability to achieve safe shutdown (by causing an initiator or affecting mitigating equipment)
based on the systems and initiators identified from previous steps. Note that this review does not
assume that just one spurious actuation occurs at a time, but that multiple simultaneous (or
sufficiently overlapping to cause the undesired effect of interest) actuations are possible.

This systematic review is conducted on the basis of accident sequence types and related
mitigation system functions in the current Internal Events PRA model (if it is possible to credibly
identify a new sequence type because of fire events, these should also be considered as discussed
earlier under Step 1). This is primarily a rigorous search through the system P&IDs, with
additional review of documents such as electrical drawings and the Internal Events PRA
sequence solutions, if helpful, to identify single and multiple spurious actuation failures that may
be valid failure modes for the Fire PRA Model. As part of this search process and as discussed
earlier in Step 1, it is advisable to conduct an expert panel review for any other spurious events
and subsequent new scenarios that, because of their dynamic or intricate nature, may not be
otherwise easily identified. For example, at one plant, it was determined that a fire-induced
spurious closure of a single RCP seal thermal barrier heat exchanger valve, and failure (may be
spurious or non-spurious) of seal injection, necessitates the need to use a standby shutdown
facility that in turn, does not currently have adequate capability to mitigate a LOCA. Such new
spurious events and subsequent fire accident sequences should be addressed in the Fire PRA and
Fire PRA Component List. In performing this review, focus should be on equipment not already
identified on the Fire PRA Component List, such as those affecting possible diversion paths, or
the failure of electrical-operated equipment on the function of passive/mechanical devices,

such as heat exchanger operation or tank level. Spurious actuation failure modes of electrical
components should be conditional on power availability to the component as already mentioned
under Step 2.4.

Table 2-2 (illustrative only) provides an overview of how single and multiple spurious actuation
failures might be important for some accident sequences in the Internal Events PRA Model,
hence, the appropriate system plant drawings should be reviewed for potential sources of harmful
spurious actuations. This table is provided only as an information aid. It provides examples of
the links between various initiating events and the ways in which relevant components in the
model may be affected. The analyst needs to determine the actual effects appropriate for her/his
plant-specific model.
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lllustrations of Spurious Actuation (Single and Multiple) of Electrical-Operated Equipment

Using the Internal Events PRA Model

Accident Sequence Type

Example Effects on
Initiating Event Models

Example Effects on
Mitigation Models

Transients with Loss of Core
Cooling

Will cause loss of MFW

Will cause failure of AFW, HPI,
PORVs, HPCI, RCIC, SRVs via loss
of flow or flow diversion

Transient-Induced LOCAs

Will cause a stuck-open
PORYV, SRV, or a
RCP/Recirculation Pump
Seal LOCA

Will cause failure of HPI, HPCI, RCIC
or containment sump recirculation
valves via loss of flow or flow
diversion

Loss of Offsite Power,
including Station Blackout

Will cause a loss of offsite
power

Will cause failure of diesel generators
or power restoration circuits

Main Steam/Feed
Depressurizations

Will cause the opening of a
power—operated secondary
relief valve

Will cause failure of MFW/AFW, HPI,
MS lIsolation valves or PORVs

Interfacing Systems LOCA

Will induce spurious opening
of power-operated ISLOCA
interface valves

(if remain powered)

Large Early Release
Considerations

Will induce spurious operation of a
containment isolation valve, or failure
of containment coolers or spray

(if in the LERF model)

To place some practical, yet reasonable limitations on the performance of this step, the following
represent typical functional considerations that are recommended (see Appendix A for additional
equipment properties (e.g., cable material) and timing considerations on this subject). The
analyst may desire to use these or other considerations in performing this step (e.g., see NEI-00-
01, Appendix F [2.2]). Whatever approach is used, or if disposition of other or unique situations
is necessary, that approach or dispositions should be documented and justified.

Equipment already on the Fire PRA Component List need not be cited again if it is agreed
that the cable identification process and circuit analysis will address all failure modes of the
equipment based on normal, desired, and failed states considered, including possible spurious
operation of indications/alarms associated with that equipment (e.g., motor temperature
indication for a pump motor). (Note that not all potentially important failure modes for the
Fire PRA may be included in the Internal Events PRA, so care should be exercised in
defining the normal, desired, and failed states). Otherwise, the indicator/alarm, if important
to include, will need to be listed on the Fire PRA Component List separate from the
associated component (in this example, possibly the temperature indicator as well as the
pump itself, depending on what will be included in the cable identification and circuit

analysis for the pump).
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e In the search for spurious operating equipment, the system is assumed to be in its normal
configuration and not in an unusual line-up, such as during test and/or maintenance, as long
as the time in these less-usual configurations is small (e.g., ~1%) relative to the time it is in
its normal configuration. Note: future SDP or other evaluations involving unusual or
misalignments will then need to be analyzed separately.

e Possible flow diversion paths representing an inconsequential effect are screened from
further consideration. For example, a spurious opening of a normally closed valve that
represents a small diversion relative to the main mitigation system flow path (e.g., ~1/10
the flow area) may be eliminated from further analysis and hence not placed on the Fire PRA
Component List. However, the analyst should consider multiple diversion paths spuriously
opening at the same time before making this determination.

e Possible flow diversion paths that are too unlikely to occur can be screened from further
consideration. For example, a flow diversion path for a system protected by one or more
passive/mechanical devices not affected by a fire (e.g., a manual valve, a check valve, or
mechanically locked close electrical-operated valve) may be eliminated from further analysis
and that equipment not added to the Fire PRA Component List. Another example might be
possible flow diversion paths for a system protected by multiple and supposedly independent
electrical equipment items (e.g., multiple normally closed valves divided up among
redundant trains that are divisionally separated and thus are not supposed to share common
locations). These may be eliminated from further consideration on the basis of an unlikely
number of multiple and simultaneous (or sustained or sufficiently overlapping) actuations
due to a single fire that are necessary to result in the flow diversion. If eliminating equipment
on this basis, a check should be made to ensure separation of cabling and power source
so that a fire is very unlikely to affect the redundant equipment. Such eliminations are
discouraged, but if performed, should consider pathways prioritized by effects (e.g., degree
of mitigation capability that would be defeated). The burden of acceptability of such
eliminations is on the analyst.

e Spurious operation of the equipment is considered inconsequential and so screened.
For example, suppose a temperature control valve can spuriously operate between two
mechanically limited control positions and not significantly affect the safety function of
interest, nor cause an initiating event. In such a case, the valve may be eliminated from
further consideration and is not added to the Fire PRA Component List.

e Be careful to examine electrical equipment that can affect the function of otherwise
passive/mechanical devices, such as level instrumentation on a tank or temperature
monitoring of a heat exchanger or filter. If the spurious operation of this electrical
equipment can affect the passive/mechanical device in an unsafe way not already
accounted for with the existing component list (e.g. automatically drain a tank), that
electrical equipment should be added to the Fire PRA Component List.

To the extent that the spurious actuation search identifies new equipment not otherwise on

the Fire PRA Component List, the associated equipment should be added to the Fire PRA
Component List for cable identification and subsequent circuit analysis, if later needed.
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2.5.5 Step 5: Identify Additional Mitigating, Instrumentation, and Diagnostic
Equipment Important to Human Response

This step 1s aimed at expanding the Fire PRA Component List, and thus potentially the Fire
PRA Model, to adequately consider other mitigating equipment, instrumentation, and diagnostic
equipment necessary for human actions if not already addressed in previous steps. The
identification of equipment considered necessary for the operator to correctly perform actions to
be credited in the Fire PRA, as well as equipment that, if spuriously operated due to the fire,
could likely induce an inappropriate or otherwise harmful action by the operator, are of interest.
Such harmful actions primarily consist of shutting down or changing the state of mitigating
equipment in an unsafe manner such as thinking the safety injection (SI) throttling criteria are
met and shutting down SI when it is inappropriate to do so. This part of the analysis is
implemented by performing the following steps. Note that while the steps are presented
sequentially, in practice, the two steps will likely be performed simultaneously and with
iteration.

2.5.5.1 Step 5.1: Identify Human Actions of Interest

In this step, the analyst, working with human reliability specialists (see Task 12), identifies
human actions (procedure-driven and recovery) either credited in the Internal Events PRA or
those that may need to be credited because of the FEPs or similar instructions. This is done by
reviewing the existing credited actions in the Internal Events PRA, as well as relevant plant
procedures, including, as a minimum, the EOPs and specific FEPs that address actions pertaining
to safe shutdown that are planned to be modeled.

In deciding which actions to credit, the analyst may choose to perform some sensitivity analyses
with the current Internal Events PRA (or during the development of the Fire PRA Model) and set
the human action failures to a screening value provided by Task 12 to determine if such actions
need to be credited in the Fire PRA. (Note that while such a possible decrease in the scope of the
Fire PRA to save resources is possible, it is recommended that all actions treated in the Internal
Events PRA and those necessary to achieve safe shutdown in FEPs be included in the Fire PRA).

Possible harmful actions of interest will emerge during both the above review of the procedures
(looking for actions that, for instance, shut down mitigating equipment) as well as during
performance of the next step, when postulated spurious failures of instrumentation and other
diagnostic equipment could induce an unsafe human action of interest.

2.5.5.2 Step 5.2: Identify Instrumentation and Diagnostic Equipment Associated with
both Credited and Potentially Harmful Human Actions

In this step, the analyst first identifies the mitigating equipment, as well as instrumentation and
diagnostic equipment, deemed necessary to credit the human actions identified in Step 5.1.
Again, this comes from review of the Internal Events PRA and relevant procedures (e.g., FEPs)
or recovery action considerations to identify the equipment needed to perform the actions of
interest. If this equipment is not already included (even implicitly by an associated circuit) on the
list, it is added to the Fire PRA Component List. The exception would be if the level of
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redundancy and diversity in the instrumentation used by the operator is so high (for instance,
multiple channels of indication that are divisionally separated and should not share common
locations, at least one of which is diverse, such as rod-in lights as a back-up to neutron power)
that the number of failures necessary to confuse or prevent the operator from taking the
appropriate action is considered too unlikely. In such cases, the instrumentation does not

need to be added to the Fire PRA Component List, but the reason why should be documented.

As part of this step, the spurious instrumentation operation search is somewhat more
complicated. To perform this search, a systematic review of procedures like the EOPs, FEPs,

or annunciator response procedures, training manuals, and other material is likely to be necessary
to identify both where possible spurious operation of instrumentation or diagnostic equipment
could induce a harmful action, as well as the harmful action itself (this should be determined
with input from operators or training staff, as well as working with the HRA analysts).

Cases of particular importance include those where one or more spurious operations of the
instrumentation may induce the operator to shut down or harmfully change the state of mitigating
equipment (e.g., isolate a good steam generator in a PWR or defeat emergency depressurization
in a BWR) during a fire event. Clues of where such concerns exist can come from identifying the
steps in the procedures, lists of equipment shutdown actions in training manuals or system design
documents, annunciator responses that call for shutting down equipment to protect it (such as a
high temperature alarm/indication on a pump motor), or other sources. The aim of the search is
to both identify such unsafe actions and the associated instrumentation or diagnostic equipment
whose failure or spurious operation could induce such actions. Where identified, the associated
instrumentation or diagnostic equipment should be added to the Fire PRA Compartment List.

Expectations are that the analyst will find few cases where instrumentation needs to be added to
the component list. This is because the level of indication redundancy/diversity in typical nuclear
plant control rooms is sufficiently high, that it is unlikely a single fire can affect so many
indications as to prevent the operator knowing when to take the desired actions or “fool” the
operator into taking an undesired action. Even in those few places where cabling concentrations
are high (e.g., cable spreading room) and so a single fire might affect many instruments all at
once, such a scenario is likely to also lead to loss of equipment control as well. In such cases,
safe shutdown would be achieved utilizing alternate shutdown areas which are analyzed
separately and backed up by yet additional indications at the alternate shutdown spaces.

To place some practical, yet reasonable limitations on the performance of this search, the
following represent typical functional considerations that are recommended (see Appendix A for
additional equipment properties (e.g., cable material) and timing considerations on this subject).
The analyst may desire to use these or other considerations when performing this search.
Whatever approach is used, or if disposition of other or unique situations is necessary, that
approach or dispositions should be documented.

e Equipment already on the Fire PRA Component List need not be cited again if the same
reason as that cited above applies (i.e., the cable identification process and the circuit
analysis will address all failure modes of mitigating equipment based on normal, desired, and
failed states considered, including possible spurious operation of associated instrumentation,
such as if it is used in both the automatic control of an equipment item as well as for operator
action). However, since this is from an operator action point of view, explicit listing of the
instrument may still be desirable and is recommended.
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In the search for possible harmful spurious operating instrumentation or diagnostic
equipment, the instrumentation is assumed to be in its normal configuration and not in an
unusual line-up, such as during test and/or maintenance, as long as the time in these less
usual configurations is small (e.g., ~1%) relative to the time it is in its normal configuration.
Note: future significance determination process (SDP) or other evaluations involving
unusual configurations or misalignments will then need to be separately analyzed.

Focus should be on the instrumentation with little redundancy to prevent the unsafe act and
which upon spurious or failed operation leads to the unsafe action directly, with no or little
alternate verification steps.

Where the possible spurious or failed instrumentation would dictate the operator first verify
the plant condition by local observation or other very reliable means before making the
unsafe act, such spurious or failed equipment is not considered further, nor are they added to
the Fire PRA Component List if the HRA input can provide reasonable justification that such
precautions will be taken even during fire situations. For example, if an annunciator response
procedure calls for shutting down a pump at a high room temperature alarm/indication, but
only after a local check by an operator to verify the true environmental condition, spurious
operation of that alarm/indication circuit(s) would not be considered further if the HRA
analyst(s) deems that such precautions would continue to be taken even under complicated
and potentially confusing or high workload fire situations.

Where it would take considerable redundant and particularly diverse indications to spuriously
operate or fail simultaneously to induce the undesired/unsafe action, such spurious or failed
equipment is not considered further, nor are they added to the Fire PRA Component List if
the HRA input can provide reasonable justification that such failures would not likely cause
harmful operator actions in fire situations. For example, if, in order to isolate feed to a steam
generator, the operator would have to have erroneous indications of two channel steam
generator pressure indications, as well as erroneous confirmation by such indications as
multiple channel RCS temperature indications, the possibility of the combined situation is
considered very unlikely. If, in addition, the HRA analyst(s) can justify it is highly unlikely
the operators would make a mistake (such as due to tunnel vision on one set of indications)
for the given situation, this equipment need not be considered further and is not added to the
Fire PRA Component List.

Be careful to examine electrical equipment that may not necessarily be associated with
equipment already on the Fire PRA Component List, but which could cause an undesirable
operator action, such as level instrumentation on a tank, temperature monitoring of a heat
exchanger or filter, or a flow or pressure indication in a system flow path. If spurious
operation of this electrical equipment could induce an undesired/unsafe operator action
(e.g., shutdown of the flow path), that electrical equipment should be added to the Fire
PRA Component List.

Be careful to consider inter-system effects. For example, a spurious indication that low
pressure pumps have been lost during recirculation core cooling in a PWR and yet they are
needed to provide NPSH to the high pressure pumps in this mode. This could induce the
operator to shut down the high pressure pumps inappropriately to protect them, when in
actuality, both the low pressure and high pressure pumps are operating properly.

2-23



Fire PRA Components Selection (Task 2)

2.5.6 Step 6: Include “Potentially High Consequence” Related Equipment

As a final step in performing this task, it is recommended that equipment associated with
potentially high consequence events not be prematurely screened, but analyzed in more detail to
determine their risk significance.

High consequence events are those involving:

(a) one or more related (mostly, similar components in the same system) component failures
including spurious operations (where at least one failure/spurious operation must be induced by a
fire) that by themselves result in core damage AND a large early release, or

(b) a single component failure including spurious operation induced by a fire that by itself causes
loss of an entire safety function (e.g., RCS inventory) such that it leads directly to core damage.

Equipment associated with such events, if not already on the Fire PRA Component List, should
be added to the list and analyzed accordingly.

An example of case (a) above could be the spurious opening of two valves in a high-low pressure
interface within a system (e.g., RHR) that might lead directly to core damage and provide a
containment bypass pathway that would result in a large early release. An example of case (b)
could be the spurious opening of a single valve causing draining of a RWST and loss of all
injection when it is needed, and hence, by itself, leading to core damage. In both situations, it is
the intent that situations where it is judged the frequency of the high consequence event could

be more than 1E-7/yr considering the fire scenario frequency (ignition frequency, severity,
suppression) as well as the likelihood of the failure/spurious event(s) as part of this frequency
will be included’. Rarer events should not be risk significant and it is not intended that they be
covered under this step.

It is recommended that such situations be analyzed (i.e., added to the component list, cables
identified, and the circuits analyzed) so that these situations are not prematurely and a priori
dismissed based on unsubstantiated assumptions about their importance or lack thereof. In this
way, potential high consequence events will be examined in more detail and screened out as
unimportant only after a level of review commensurate with the potential consequences of such
an event.

2.5.7 Step 7: Assemble Fire PRA Component List

Once the previous steps have been performed, a cumulative list of all the associated equipment
identified in the above steps is generated. This list becomes the Fire PRA Component List and is
maintained in the Fire PRA database.

* At this stage of the process, fire frequencies, etc. may not have been analyzed and thus definitively determined.
“Estimates” of the necessary frequencies and probabilities will likely have to be made based on combined
approximations/judgments from the fire modeling, cable analysis, and PRA analysts, as appropriate.
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A typical Fire PRA Component List should include the following information (as applicable):
e Equipment ID (note: this may be an indicator or alarm, as discussed above),

e Equipment Description,

e System Designation,

e Equipment Type,

e Location (i.e., Compartment Identification as a minimum [for fire modeling it may be helpful
to also indicate elevation and closest column lines as well]),

e PRA Event Identifier,

e PRA Event Description,

e Normal Position/Status,

e Desired Position/Status,

e Failed Electrical Position,
e Failed Air Position,

e References, and

e Comments/Notes.

The Fire PRA Component List will be used in Task 3 for selecting critical cables associated with
the equipment. The above information is put into the Fire PRA Database (see Support Task B).
It also serves as a basis for creating the Fire PRA Model (Task 5).

To the extent that analysts have chosen to not model all that is in the Internal Events PRA for
their Fire PRA (such a decision is not recommended in this procedure, but certainly allowed
because of resource expenditure concerns and/or other reasons), the Fire PRA Component List
will likely not contain all that would be present if all the Internal Events PRA equipment

were also included. Should the resulting Fire PRA CDF/LEREF or other results be considered
inadequate (e.g., too high) and it is desired later to expand the equipment list and model more of
that credited in the Internal Events PRA, the equipment list from the full Internal Events PRA is
readily available. This information, along with insights from the Internal Events PRA as to which
equipment may provide the most desirable impacts on the Fire PRA results (such as through
importance measure calculations or sensitivity analyses), can be used to help prioritize which
additional equipment should be included in the Fire PRA. If/when subsequently adding this
equipment, it should be remembered that these and other tasks will need to be revisited to
determine the impacts of adding the equipment.
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2.6 References
2.1 Fire PRA Implementation Guide, December 1995. EPRI TR-105928.
2.2 “Guidance for Post-Fire Safe Shutdown Analysis,” Nuclear Energy Institute, NEI 00-01,

Revision 0, May 2003 (Document available through the NRC Agency-wide Documents
Access and Management System (ADAMS), Accession Number MLL031640322).
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3

FIRE PRA CABLE SELECTION (TASK 3)

3.1 Purpose

Conducting a Fire PRA in accordance with this procedure necessitates an analysis of fire-
induced circuit failures beyond that typically conducted during original Fire PRAs. The circuit
analysis elements of the project are conducted in three distinct phases:

e Fire PRA cable selection (Task 3),

e Detailed circuit failure analysis (Task 9), and

e Circuit failure mode likelihood analysis (Task 10).

This chapter provides methods and instructions for conducting the first phase of circuit
analysis—selecting Fire PRA cables (Task 3). The purpose of Task 3 is to identify for all Fire
PRA components the circuits/cables’ associated with the components and the routing/plant

location of the identified circuits/cables. These relationships can then be used to determine the
Fire PRA components potentially affected by postulated fires at different plant locations.

In most cases, it is advantageous to perform some or all of Task 9 (detailed circuit failure
analysis) coincident with Task 3. The degree to which Task 3 and Task 9 are combined is highly
dependent on numerous plant-specific factors. Considerations for combining the two tasks are
incorporated in relevant sections of Chapter 3.

3.2 Scope

Chapter 3 provides methods and technical considerations for identifying cables to be included in
the Fire PRA Cable List. This task contains the following key elements:
e Identify cables associated with Fire PRA equipment,

e Determine plant routing and location for the Fire PRA cables,

e Identify Fire PRA power supplies, and

* The term “circuit” and “cable” are often used interchangeably for fire-related circuit analyses. A circuit is
comprised of electrical components, subcomponents, and cables/connection wire. Within the context of fire-
induced equipment failures, it is understood that circuit selection or circuit identification refers to the identification
of cables that connect all the related components and subcomponents of a complete circuit.
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e Correlate Fire PRA cables to Fire PRA equipment and plant locations (fire compartments
and/or fire areas).

Implementation of plant-specific quality assurance and configuration control requirements
that might apply to a Fire PRA is not within the scope of this task. Nor does this task address
validating the accuracy of plant-specific data extracted from plant drawings, documents, or
databases. Each plant should follow appropriate quality assurance, administrative, and
configuration control procedures applicable to the work conducted. The need to validate input
source documents should be addressed as part of assembling the prerequisite information.

3.3 Background Information

3.3.1 General Task Objectives and Approach

The Fire PRA Cable List identifies the circuits/cables needed to support proper operation of
equipment contained in the Fire PRA Equipment List. Essential electrical power supplies are also
identified during this task. The Fire PRA Cable List might also include Associated Circuits.
Associated Circuits are cables that are not necessarily directly linked to a component, but have
the potential to cause improper operation of a component as a result of certain failure modes
associated with fire-induced cable damage.

The Fire PRA Cable List is not simply a list of cables. It also establishes, for each cable, a link to
the associated Fire PRA component and to the cable’s routing and location. These relationships
provide the basis for identifying potential equipment functional failures at a fire area, fire
compartment, or raceway level.

Task 3 is broken down into six distinct steps. Generic step-by-step instructions for completing
these steps are provided in this chapter. Figure 3-1 shows a summary of the task work flow.

A critical aspect of creating the Fire PRA Cable List is preplanning. Experience shows the
importance of developing a clear strategy and detailed plant-specific rules for selecting cables.
This is true whether cable selection is based on existing analyses (e.g., post-fire safe shutdown
analysis, original Fire PRA, etc.) or will be generated from scratch. Also of key importance is
assessing up front the degree to which cable and raceway data has been automated and the cables
have been correlated against plant locations. The key question is whether or not the existing data
allows for easy database retrieval of cable routing and location information. This capability is
essential for efficiently conducting a Fire PRA using the methods of this procedure. Plants
without this capability should include in the project resource estimate a realistic projection of the
level-of-effort necessary to acquire the desired database sort and query capability, which can be
substantial, depending on the actual information available.
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Step 1: Compile and Evaluate
Prerequisite Information
and Data

=21 - Plant Partitioning Boundary Designations
- Confirm Fire PRA Equipment List
- Cable and Raceway System (CRS)

(Section 3.5.1)

Task 3 Interfaces
- Inputs from other tasks (1, 2 & support
Task B)
- Additional plant information needed for
cable selection
- Information from plant walkdowns

Sections 3.4.1,3.4.2, 3.4.3

Step 2: Select Fire PRA Circuits/Cables
- Develop strategy for cable selection
- Plant-specific rules for cable selection
- Select Fire PRA cables

(Section 3.5.2)

Step 3: Identify and Select Fire PRA
Power Supplies
- Select Fire PRA power supplies
- Add power supplies to equipment list
Section 3.5.3

Step 4: Perform Associated Circuits
Review
- Confirm satisfactory electrical coordination for
Fire PRA power supplies
- Confirm satisfactory electrical overcurrent
protection for common enclosures
- Add Associated Circuits to Fire PRA cable list
Section 3.5.4

Step 5: Determine Cable Routing and

Plant Locations
- Determine cable routing and end points
- Determine raceway and end point locations
- Determine raceway fire protection features

(Section 3.5.5)

Step 6: Fire PRA Cable List and Target

Equipment Location Reports
- Assemble Fire PRA cable list
- Generate target equipment location reports

(Section 3.5.6)

Uncertainty
- Plant partitioning and cable location
- Plant-specific cable selection rules
- Cable selection process
- Cable location and routing accuracy
- Electrical coordination and protection

Task 3 Outputs
- Fire PRA Database
- Component work packages
(Input to Task 9)
(Section 3.4.4)

(Section 3.6)

Figure 3-1
Fire PRA Cable Selection Process
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3.3.2 Assumptions

The following assumptions form a basis for this task:

e A cable and raceway database system (CRS) is in place and available to identify cable
routing and location. The analysis methods presented in this document assume some degree
of automated cable-to-location sort and query capability. The ultimate usefulness of the
database to support this task will vary depending on the inherent functionality of the
database;

e An Appendix R of 10 CFR Part 50 analysis (herein after referred to simply as Appendix R
analysis) for the plant has been completed and documented, and is available for helping
identify cables associated with Fire PRA equipment. The degree of applicability will vary
depending on the plant-specific approach used for the Appendix R circuit analysis;

e Equipment is assumed to be in its normal expected position or condition at the onset of the
fire. In cases where the status of a component is indeterminate or could change as a result of
expected plant conditions, worst-case initial conditions should be assumed for the purpose of
cable selection;

e Properly sized and coordinated electrical protective devices are assumed to function in
accordance with their design tripping characteristics, thereby preventing initiation of
secondary fires through circuit faults created by the initiating fire; and

e Users of this procedure are knowledgeable in the theory and principles of electrical power
and control circuits, and have practical experience with nuclear power plant circuit schemes,
power distribution systems, and cable and raceway routing systems. Work under this
procedure is assumed to be conducted by or supervised by personnel familiar with circuit
failure analysis methods (i.e., Appendix R safe shutdown analysis or similar).

3.4 Task Interfaces

3.4.1 Input from Other Tasks

3.4.1.1 Plant Boundary Definition and Partitioning (Task 1)

This task needs, as a prerequisite, the plant partitioning boundary definitions and fire
compartment designations from Task 1, Plant Boundary Definition and Partitioning. This
information is used to correlate cable routing to specific plant locations. As a minimum, cables
should correlate to plant fire areas. Ideally, the cables will correlate to the established fire
compartments.

3.4.1.2 Fire PRA Components Selection (Task 2)

This task needs, as a prerequisite, the list of Fire PRA equipment from Task 2, Fire PRA
Components Selection. The Fire PRA Equipment List serves as the starting point for cable
selection. The primary objective of Task 3 is to identify circuits/cables associated with the Fire
PRA components for the purpose of identifying potential equipment failures on a compartment
and fire scenario basis.
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3.4.1.3 Fire PRA Database System (Support Task B)

The Fire PRA Database System (or equivalent database system) is a prerequisite for this task.
The database system provides a structured framework for capturing and maintaining Fire PRA
data. The database system is populated with the data and information generated by this task,
which is then complied to generate the Fire PRA Cable List and accompanying relationships.
The data structure and functional relationships established within the database system are
specifically designed to maintain data integrity and provide the necessary sort and query
capability to conduct compartment and scenario CCDP and CLERP calculations.

3.4.2 Additional Plant Information Needed to Support this Task

3.4.2.1 Plant Cable and Raceway Data System

This task needs basic cable routing and cable location information from the plant CRS or other
sources, as applicable. The availability of readily retrievable cable routing and cable location
data will significantly impact the analysis strategy and level of effort needed to complete this
task. Manually determining cable routing and locations from plant drawings and/or walkdowns is
extremely resource intensive. Plants that do not have cable routing and location data in an
automated database format should, in the planning stage, carefully consider the additional
resources needed to obtain this capability. The analysis methods presented in this document
assume some degree of automated cable-to-location database sort and query capability. The
ultimate effectiveness of the CRS to support the Fire PRA is directly related to the resolution of
cable location information, i.e., a CRS that can readily correlate a cable to a specific raceway
and plant compartment is more useful than a CRS that can only correlate a cable to fire areas
(lower resolution).

3.4.2.2 Plant Appendix R Safe Shutdown Analysis

Given the substantial overlap between the Fire PRA Equipment List and Appendix R Safe
Shutdown Equipment List, the Appendix R circuit analysis information should be used to the
maximum extent possible to develop the Fire PRA Cable List. The approach and methods used
for the Appendix R cable selection will possibly differ to some extent from that developed for
the Fire PRA. These differences should be well-understood to ensure the Appendix R cable set is
adjusted as necessary to meet Fire PRA objectives (indication circuits, annunciation circuits, and
automatic start features are examples of circuits generally not included in an Appendix R circuit
analysis, but might be necessary to meet Fire PRA criteria).

3.4.2.3 Other Information and Data

1. Component elementary circuit diagrams
2. Component cable block diagrams

3. Component wiring/connection diagrams

4. Electrical distribution system single-line diagrams
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5. System piping and instrument diagrams (P&IDs)

6. Instrument loop diagrams and block diagrams

7. Cable raceway schedules and routing drawings

8. Equipment location and layout drawings

9. Electrical distribution system protective device coordination studies/calculations

10. Electrical distribution system short circuit and equipment rating studies

3.4.3 Walkdowns

Plant walkdowns are not considered a fundamental part of this task. Rather, plant walkdowns
should be considered on a case-by-case basis as a way of obtaining necessary information about
cable and/or raceway locations.

3.4.4 Outputs to Other Tasks

The specific products generated by this task are:

e Fire PRA Cable List (input into the Fire PRA Database),
e Fire PRA Power Supply List (input into the Fire PRA Database),
e Associated circuits review, and

e Component analysis work packages (optional).

Developing the Fire PRA Cable List is an essential prerequisite for conducting both qualitative
and quantitative screening. The cable list, as input into the Fire PRA Database, provides the
functional and spatial relationships that allow potential equipment failures to be identified on a
compartment- and fire-scenario level.

Using the Fire PRA Database (which has been populated with the Fire PRA Equipment List
and Fire PRA Cable List), Target Equipment Location Reports can be produced for use in
compartment-level and scenario-level quantitative screening activities (Task 7). Additionally,
Task 3 identifies any essential electrical power supplies not previously identified in Task 2. It is
highly recommended that component analysis work packages be generated as part of this task.
The electrical analysis work packages are useful later during detailed circuit failure analysis
(Task 9) and circuit failure mode likelihood analysis (Task 10).

3.5 Procedure

The steps described below provide detailed methods for developing the Fire PRA Cable List and
supporting data. Although the instructions cover all aspects of the work, it is likely that many
elements will already be available from previous efforts, such as the Appendix R analysis
or previous Fire PRA. Specifically, how existing analyses and data will be incorporated into
the Fire PRA should be thought through carefully during the planning stages. It is strongly
recommended that additional plant-specific cable selection “rules” be developed before
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beginning work. Plant-specific rules are important to further customize the cable selection
methodology to fit the specific circumstances and needs of each plant. The plant-specific rules
will also foster consistency between different analysts. As an example, specific rules for
addressing status indicators for large pumps might be appropriate to ensure consistency.

3.5.1 Step 1: Compile and Evaluate Prerequisite Information and Data

The purpose of this step is to ensure that prerequisite information and data is available and usable
before beginning Fire PRA cable selection. Beginning the process of cable selection without first
having the prerequisite information will reduce efficiency and significantly increase the
likelihood of rework.

3.5.1.1 Step 1.1: Confirm Plant Partitioning Boundary Designations

Confirm that the plant partitioning boundaries and designations have been identified and input
into the Fire-PRA Database (Output from Task 1, Plant Boundary Definition and Partitioning).
Consider the following factors in conducting the verification.

1. As a minimum, fire areas should be correlated with the raceway/cable locations. To the
degree practical, cable locations should be aligned with the plant fire compartments.
If the cable/raceway-to-fire compartment correlations do not match, compartment-level
evaluations will be more difficult and resource-intensive. For example, if the raceway
location information is based on Fire Area but the Fire PRA partitioning is based on fire
zones or rooms (subsets of fire areas), the Fire PRA Database will not be able to develop the
necessary correlations for compartment-level losses.

2. The plant partition data should include a correlation to plant fire areas so that fire-area-level
analyses can be conducted, if desired.

3.5.1.2 Step 1.2: Confirm Fire PRA Equipment List

Confirm that the Fire PRA Equipment List has been developed and input into the Fire PRA
Database, including equipment identifiers, attributes, and functional requirements (Output from
Task 2, Fire PRA Components Selection). Consider the following factors in conducting the
verification.

1. Since identification of Fire PRA cables does not involve a detailed functional failure analysis
of the circuit, it is not mandatory that all component position information be available
to complete this task. However, conducting the cable selection with knowledge of a
component’s credited functionality will facilitate the cable selection process and minimize
the number of cables included in the Fire PRA Database, as discussed in Section 3.5.2.1.

2. Development of the Fire PRA Equipment List is an iterative process. Thus, it is expected that
components will be added or removed during the course of conducting the Fire PRA. The
list, however, should be substantially complete before beginning cable selection to ensure
major conceptual changes do not result in inconsequential work (e.g., conducting cable
selection for an entire system that is ultimately not credited in the PRA model).

3. Depending on the PRA Model, some components may show up in the Fire PRA Equipment
List more than once if they have multiple PRA event functions. For example, the PORV's
might have two PRA event functions—a function to remain closed for primary inventory
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control and a function to open on demand for depressurization capability. A determination
should be made at this point whether separate circuit analyses will be conducted for the
different events. If separate analyses for the distinct functions are needed, the PRA model
and database should be structured to accommodate multiple circuit selection entries for the
one equipment item; i.e., one for each distinct function. For example, a valve could be
entered into the database with a suffix for the position (e.g., MOV C556 (O) and MOV
C556 (C)). In other cases it might be more efficient to simply analyze the component for
the bounding case and refine the analysis as needed under Task 9.

The Fire PRA Equipment List should specify any unique requirements for additional or
supplemental indication, alarm, annunciation, or functionality that deviates from generic
rules and methods. For example, the analysis might establish a generic position that
annunciation and alarm circuits are not included unless specifically identified due to

a human factors concern. On this basis, the cable selection process would not routinely
include annunciation and alarm circuits. Rather, these circuits would only be included
on a case-by-case basis, as specified by the Fire PRA Equipment List.

The Fire PRA component selection process of Task 2 will identify most high-level power
supplies. However, additional, less obvious, power supplies will inevitably be identified
during the cable selection process. These power supplies should be added to the Fire PRA
Equipment List and circuit analysis conducted.

3.5.1.3 Step 1.3: Cable and Raceway System

Determine the extent to which the CRS can be used for automated lookups of cable routing and
raceway location data. Manual tracking of cable routing and location data is extremely labor-
intensive and should be avoided to the extent possible. Consider the following factors in
reviewing CRS capability.

1.
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Determine if cable routing and location information is available in the CRS and readily
retrievable via database query. The availability of readily retrievable cable routing and
location data will significantly impact the analysis strategy and level of effort necessary to
complete this task. Manually determining cable routing and location from plant drawings
and/or walkdowns is extremely resource-intensive. Plants that do not have cable routing and
location data in an automated database should carefully consider, in the planning stage, the
additional resources needed to obtain this information. In this situation, it is recommended
that some amount of detailed circuit analysis be conducted as a part of cable selection to
minimize the number of cables requiring tracing. Also confirm that the data has been
maintained accurately and is up-to-date. If not, use of the data should include some
verification.

Establish a plan for addressing missing data, including drawing reviews, conservative
assumptions, and field walkdowns. If engineering judgment and/or assumptions are
employed, the uncertainty and sensitivity associated with the decision should be established
and rolled up into the overall uncertainty analysis for the project.

Determine the extent to which Appendix R analysis cable routing information can be used
for this study. The Appendix R analysis data will not likely satisfy all requirements, since it
is expected that the Fire PRA Equipment List will contain more equipment than that covered
by Appendix R. Nonetheless, the Appendix R data can prove helpful in completing this task.
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4. Devise a plan/process for downloading and/or accessing cable and raceway data before
beginning the cable selection process.

5. Determine the extent to which raceway layout drawings can be used to precisely locate
raceways and cables within fire compartments (fire areas, fire zones, and rooms), and the
raceway’s exact placement with respect to fire hazards in the rooms. Are the drawings
“diagrammatic” (field routed with exact location not shown), or are the actual raceway
locations shown with some degree of precision specified (ex., + 3-feet for Safety-Related,
+ 5-feet for non-safety)? This will determine the extent to which drawings can be used to
locate cable and raceway targets vs. plant walkdowns.

3.5.2 Step 2: Select Fire PRA Circuits/Cables

The purpose of this step is to identify the cables associated with each component on the Fire
PRA Equipment List. The necessary level of effort and inherent nature of this task will vary
greatly depending on the availability of cable location data and usability of Appendix R circuit
analysis information. The goal here is to develop a strategy that best leverages available
information so as to conduct this task as efficiently as possible.

The cable selection process provided here assumes that three distinct cases will arise.

Case 1: The component of interest is an Appendix R safe shutdown component and thus has
previously undergone a circuit selection process. Cable data is readily available,
including cable routing and location information.

Case 2: The component is not an Appendix R safe shutdown component and has not
previously been analyzed to identify cables needed for its proper operation.
Although the component has not undergone circuit analysis, cable routing and
location data is readily available from the plant CRS.

Case 3: The same as Case 2, except cable routing and location data is not readily available
from the plant CRS. Determining cable location will involve manual drawing
reviews and/or walkdowns.

Experience indicates that the Fire PRA Equipment List will contain components not included in
the Appendix R safe shutdown equipment list. Thus, the number of “new” components to
analyze should be determined early in the planning process so that reasonable estimates for
resource requirements can be established.

3.5.2.1 Step 2.1: Develop a Strategy for Conducting Cable Selection

The first step in conducting cable selection is to develop a comprehensive strategy and approach
for conducting the analysis. The following factors should be considered.

1. Coordinate with the systems analysts to determine plant-specific rules for indication, alarm,
annunciation, and automatic initiation features. The purpose of this step is to ensure complete
alignment between the assumed component functionality and the rules developed for cable
selection. Experience indicates that a hands-on walkthrough of several components is highly
beneficial in fleshing out details that should be considered when developing the cable
selection rules.
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2. To what extent can the Appendix R circuit analysis data be used? To make this
determination, it is necessary to fully understand the analysis approach used to create the
original cable set for each component and compare this to the criteria established for the
Fire PRA. Determine the level of effort necessary to augment or modify the original cable
selection, if at all, to conform to the Fire PRA criteria. Experience indicates that a hands-on
review of several components is helpful in revealing differences that should be considered in
developing a strategy.

3. Compare the Fire PRA Equipment List to the Appendix R Safe Shutdown Equipment List
to determine the number of Fire PRA components that are not covered by an Appendix R
circuit analysis. This will help determine the number of components that will need a “new
analysis.” Do not overlook this step; it has a significant impact on the level of effort
necessary to complete this task.

4. The dividing line between Task 3 and Task 9 activities is intentionally fluid. It is, however,
intended that the analyst immediately eliminate from the Fire PRA Cable List those cables
that are readily identified as not being required to support the credited functionality of the
component. Where a detailed and time consuming analysis of a complicated circuit is
necessary to fully understand a cable’s impact to a circuit, it is recommended that the analyst
include the cable and defer the detailed analysis until quantitative screening confirms that
further review is needed to support the Fire PRA. Also determine if cable routing and
location correlations will need to be determined by manual drawing reviews and/or
walkdowns. If so, it is recommended that some or all of the detailed circuit analysis (Task 9)
be conducted as a part of cable selection in order to minimize the number of components that
need to be manually routed. This approach will likely prove more efficient overall.

5. Some plants have conducted circuit analysis (in whole or in part) by the exclusion approach,
i.e., confirmation that cables are not routed through a selected area. In this case, the
availability of equipment should be “hard-wired” into the PRA model for the affected areas.
This approach can be highly effective in the initial screening process if screening depends
only on a few critical components.

6. Determine how off-site power will be included into the analysis. The cable selection for
off-site power can be extensive and complex. Accordingly, the cable selection plan should
address this aspect of cable selection up front. In some cases, it might be appropriate to create
a “virtual” component that includes all cables for a specific off-site power feed. For other
plants, including the off-site power components (switchgear, circuit breakers, transformers,
etc.) individually might be more favorable so that the analysis can distinguish between full
and partial off-site power losses. Regardless, the approach should be mutually agreed upon
by the PRA analysts and electrical analysts. If an off-site power study has already been
completed, an alternative approach is to simply hard-wire off-site power losses (full or
partial) in the PRA model for the affected areas. This approach would eliminate the need to
add the off-site power equipment and cables into the Fire PRA database. The off-site power
analysis is generally one of, if not the most, complex circuit analyses. Experience shows that
this analysis is most efficiently completed by an experienced engineer with a good working
knowledge of the system. Regardless of the approach selected, the key is to address the issue
up front before conducting the cable selection.
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7. Past assumptions should be revisited to determine their validity and appropriateness within

the context of a Fire PRA. In many instances, highly conservative assumptions overly
penalize the analysis. For example, assuming a loss of off-site power for all locations
containing 4.16 kV cables is highly conservative and does not yield realistic results. Since
off-site power is quite influential in the final CCDP values, it is usually worth refining the
analysis in lieu of running with an overly conservative assumption.

Determine how the cable selection process will be documented. It is often useful to create an
analysis package for each component. The analysis package should contain all the necessary
references to perform the cable selection. The requisite level of detail to be documented
should be clearly established, including the rationale for selecting or excluding specific
cables. Analysis packages will also save time and effort for those components in which a
detailed circuit failure analysis is needed. If drawings and plant documentation are readily
available on-line it might not be beneficial to create a full analysis package as part of this
task. In either case, the basis for cable selection should be readily apparent to an independent
reviewer.

3.5.2.2 Step 2.2: Develop Plant-Specific Rules for Cable Selection

Once a strategy and approach for conducting the cable selection has been established, it is
necessary to translate the approach into specific “rules” that will help determine which cables are
to be classified as Fire PRA cables. The benchmark for these rules is that independent review by
different analysts should result in identical cable selection. In developing plant-specific cable
selection rules, consider the following:

1.

The selection of cables should be driven by a functional relationship to the component under
review. Any cable that can affect a component’s operation, as credited by the Fire PRA
should be designated a Fire PRA cable for that component. In general, all cables should be
associated with the primary component listed in the Fire PRA Equipment List. Do not add
circuit subcomponents (relays, switches, sensors, modules, gauges, meters, etc.) to the
equipment list; they are incorporated automatically into the failure analysis by identifying
the fire PRA cables to which the subcomponents are connected.

The Appendix R analysis may have more descriptive cable classifications than those used in
typical cable and raceway databases (ex., power, control, indication, instrument, control
power, spurious). These descriptors reflect possible circuit and equipment failure modes
attributable to a cable’s failure. These classifications can be helpful in quickly determining
the general effects that a cable’s failure can have on the associated component. Where this
Appendix R information exists, it should be carried forward into the Fire PRA database to
minimize the effort later in determining cable failure effects on equipment (prevents rework).

Consistent with Item 1, above, for components directly supplied from power circuit breakers
or motor control centers, it is best to associate the circuit breaker and/or motor starter control
circuits with the primary component, instead of adding the circuit breaker as a separate
component. Include in the cable selection the feeder/branch power cable(s) supplying the
component, but do not include power cables supplying the power supply itself. This approach
helps keep the equipment list to a manageable size and maintains a focus on the primary
components. Rules should also address inclusion of protective circuits associated with the
circuit breaker.
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4. For spurious-only equipment in which power is not needed for the component to perform
its desired function, it recommended that cable selection only include cables that could
spuriously energize the component. These cables are generally easily identified without a
detailed and complex circuit analysis. Overburdening the Fire PRA database with highly
conservative circuit analyses for spurious-only equipment is to be avoided. Similarly, the
power supplies for these components should not be identified as essential power supplies.
The basis for this recommendation is that spurious operation components tend to overwhelm
the initial Fire PRA screening. Thus, it is best to minimize the impact of these components
from the start.

5. If some aspects of detailed circuit analysis are incorporated into the cable selection process,
as recommended, it will be necessary to define the types of circuit faults to be considered by
the analysis. Section 9.5.2.2 (Task 9.2.2) provides detailed recommendations for circuit/cable
failure modes to be considered by the circuit analysis.

6. A challenging area for consistency and accuracy is how to address auxiliary contacts for
interfacing equipment (i.e., interfacing circuits in the form of interlocks, permissives, auto-
control functions, etc.). The following methods are suggested; however, each plant should
customize the approach to their specific circumstances.

e If the auxiliary contacts are associated with a component that is included in the Fire PRA
Cable List, it should not be necessary to duplicate the cable selection. Instead, confirm
the cable selections for both components correlate with each other and that the proper
component-level dependencies are established in the Fire PRA model. For example, a
turbine-driven AFW pump control circuit might be integrally tied to a steam supply
valve. The steam supply valve should be included in the Fire PRA equipment list and
PRA Model as an essential support component for the AFW pump. Adding new
equipment to the Fire PRA Equipment List and PRA Model should be a corroborative
effort between the electrical and system analysts;

e If the auxiliary contacts are associated with a “system-wide” signal (e.g., safety injection
signal, containment isolation signal, etc.), include only those portions of the interfacing
circuit uniquely associated with the component under investigation. The rationale here is
that higher-level signal failures will affect multiple components, not just the component
of interest (e.g., a safety injection signal). Such failures should be addressed on a system-
wide basis under the human factors analysis, not a component-level basis, in the analysis.
The objective is to include cables that, if subjected to fire-induced faults, could cause a
functional problem with only the component under investigation, and thus would not be
identified by the operators as a problem with the interfacing circuit. For the system-wide
logic signals, it is often advantageous to create a “dummy’’ component for the system.

In this way, the system cables can be associated with the dummy component instead of
being added to each individual component affected by the system;

e If the circuit contains a complex combination of auxiliary contacts, it is usually more
efficient to conduct the detailed circuit analysis (Task 9) coincident with cable selection
(Task 3). In this way, the analysis can focus specifically on the failure modes of concern,
which greatly simplifies the analysis of interposing contacts and minimizes the likelihood
of unnecessary work;
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In some cases, normally-open relay or switch contacts may be used to form the
“boundary” of a circuit, preventing expending resources modeling or locating cables
that do not affect component operation. Whenever this approach is used, the analyst
needs to carefully consider whether the switch or relay could change state as part of
he anticipated shutdown transient (e.g., BWRs typically anticipate a low and high
reactor water level, and high drywell pressure; PWRs typically anticipate low and high
pressurizer level and steam generator level, and low reactor pressure);

If the auxiliary contacts only serve to reinforce the desired functionality of a component,
it is not necessary to include the interfacing component’s cables; and

If none of the above criteria apply, either add the interfacing component’s cables to the
analysis for the component under investigation, or add the interfacing component to the
Fire PRA Equipment List.

7. An area in which traditional electrical circuit analysis might differ from the Fire PRA criteria
is indication, alarm, and annunciation circuits. The need for specific indication, alarm, and
annunciation circuits should be clearly established before conducting the cable selection
(refer to Item 1 of Step 1, above). In determining the rules for cable selection of these
circuits, consider the following:

Indication circuits whose fire-induced failure could impact functional operation of the
component should be included as Fire PRA circuits. These circuits are generally integral
to the main control circuit. For example, the “green” and “red” indication lights that are
integral to the control circuit of a typical motor operated valve (MOV) or pump circuit
should be included. Another example is an ammeter or voltmeter that is supplied directly
(i.e., no isolation) from the same instrument transformer that provides a signal to circuit
breaker control devices, such as overcurrent relays or undervoltage relays;

Independent valve or pump annunciation and alarm circuits should be included only to
the extent specified by generic criteria or component-specific requirements. For cases in
which these circuits are needed, include only those cables that could cause a malfunction
to the circuit associated with the component under investigation. Cables whose failure
would cause a system-wide impact do not need to be included. As an example, consider
an independent alarm for a valve that receives its input signal from isolated contacts of a
limit switch. The valve signal is sent to an alarm input module in the annunciator system.
The input cable to the module would be considered a Fire PRA cable, since its failure
could cause an erroneous annunciation for the component of interest, but would not
otherwise impact the annunciation system. In contrast, a cable associated with providing
power to the annunciation system would not be included, because failure of this cable
would cause the affected block of annunciators to fail, and thus would be recognized as a
failure of the annunciator system and not the individual component;

Include data acquisition cables associated with plant process computer and/or Emergency
Plant Data Systems that are not electrically isolated from the component’s power/control
circuits;
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10.

e Independent ammeter or voltmeter circuits associated with large motors or switchgear
that are independent of the main control circuit (i.e., the meters are supplied via isolators
or independent instrument transformers) need only be included to the extent specified by
generic criteria or component-specific requirements. Consideration should be given to
those indication circuits that have the potential to cause adverse operator actions in the
event that the circuit in question fails by falsely indicating component failure. For
example, a pump motor ammeter circuit that provides status indication in the control
room may fail such that it indicates a loss of electric power to the motor, thus causing
the operator (either via procedure or by choice) to trip the otherwise operating pump;

e Independent overtemperature circuits for large motors should be included if the circuits
are designed to initiate a pump trip. If the circuits are designed only to provide an alarm,
they should be included to the extent specified by generic criteria or component-specific
requirements.

For high-voltage buses, it is recommended that supply circuit breakers (EDG supply and off-
site supply) be included on the Fire PRA Equipment List as separate components. This
approach facilitates the combination of breaker positions needed to accommodate both
off-site power and EDG power lineups. Plant experience has shown that this approach

is also helpful for panels fed from multiple power sources that can transfer manually or
automatically between sources (e.g., swing-bus, static switch, voting instrument power
inverter, manual transfer switch).

The circuit analysis assumes a component is in its normal expected position. In some cases,
this position could be indeterminate; for example, a set of pumps that are alternately in
service to balance run time hours. In this case, the worst-case initial conditions should be
assumed for cable selection.

In some situations, fire-induced cable and circuit failures can result in permanent damage

to mechanical and electrical equipment in such a way that potential recovery actions are
impacted. For example, a spurious actuation of a motor operated valve caused by a hot short
that bypasses the valve’s torque switch might permanently bind the valve, thereby precluding
manual operation of the valve at a later time. The electrical analysts should document these
cases and coordinate with systems analysts responsible for assessing recovery actions.

3.5.2.3 Step 2.3: Select Fire PRA Cables

This step constitutes the critical element of this task. Inaccurate selection of cables will ripple
through the entire PRA and can result in erroneous CCDP and CLERP calculations. Consider the
following factors in conducting cable selection.

Although detailed circuit functionality and failure modes are not assessed during this phase
of the circuit analysis, electrical elementary diagrams, connection diagrams, and one-line
diagrams should be reviewed to ensure all appropriate Fire PRA cables are identified;

If the schematic/elementary drawings do not contain a cable block diagram, it is
recommended that a cable block diagram be generated and placed in the component’s
“Analysis Package.” Cable block diagrams are valuable tools in understanding circuit
physical relationships and conductor-cable correlations. A sample block diagram is shown
in Appendix B;
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e To the extent possible, the Appendix R circuit analysis should be used to facilitate cable
selection. However, as noted previously, it is essential that differences between cable
selection methodologies be understood and reconciled;

¢ In documenting the selection of Fire PRA cables, the corresponding source references used
to obtain the information should be included. It is also important to identify any known or
suspected gaps/discrepancies found in the cable information sources and recommend
corrective action for future revisions.

Case 1: Incorporation of Existing Analysis

If the basis for cable selection is to be a previous analysis (e.g., Appendix R analysis), complete
the cable selection process as follows.

1. Assemble applicable documentation, drawings, and database information, as necessary.

2. Based on the cable selection rules established in Step 2, above, and an understanding of any
generic differences between the Appendix R analysis and Fire PRA criteria, identify cables to
be added or removed from the original cable list.

3. Document the changes in accordance with the methods established during the planning
phase.

Case 2: New Component Analysis—Cable Routing Data Readily Available

If the component to be analyzed has no previous analysis or if the previous analysis is based
on substantially different rules, complete the cable selection process as follows.

1. Collect and assemble plant drawings, documents, and data for each component. Create
analysis packages in accordance with the methods established during the planning phase.

2. Following the plant-specific rules established for cable selection, identify circuits/cables
directly associated with each Fire PRA component, including:

e Power cables,
e Control and indication cables, and
e Instrument cables.

3. Following the plant-specific rules established for auxiliary contacts and interfacing circuits,
identify circuits/cables indirectly associated with each component’s operation (e.g.,
permissive circuits, interlocks, auto control circuits, etc.).

4. Document the cable selection in accordance with the methods established during the planning
phase.

Case 3: New Component Analysis—Cable Routing Data Not Available:

Components in this category are analyzed as described in Case 2, above, except the cable
selection process will generally include a detailed circuit analysis based on the methodology
in Task 9. In this way, the functional impact of cable failures can be compared to the desired
function of the component to eliminate all cables except those absolutely necessary to support
the required functionality.
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The objective of conducting the detailed circuit analysis coincident with cable selection is to
minimize the number of cables for which manual routing and location reviews need to be
performed.

3.5.3 Step 3: Identify and Select Fire PRA Power Supplies

This step identifies the electrical power supplies associated with each component on the Fire
PRA Equipment List. The list of Fire PRA power supplies is used for two purposes. First, each
power supply should be included in the Fire PRA Equipment List. Secondly, each power supply
needs to be reviewed for potential common power supply associated circuit concerns.

3.5.3.1 Step 3.1: Select Fire PRA Power Supplies

In conjunction with reviewing the elementary diagrams and one-line diagrams in Step 2.3, above,
identify the power supply (or supplies) associated with the component and any associated system
logic cabinets and instrumentation cabinets. It is advantageous to identify the power supply and
the specific breaker/fuse supplying the component. If the component has no active function (e.g.,
solenoid whose desired position is deenergized, MOV that is not required to change state, pump
that needs to be turned off), it is not necessary to include the power supply.

3.5.3.2 Step 3.2: Add Fire PRA Power Supply to Equipment List

Each power supply is considered a necessary support component. As such, these power supplies
should be included in the Fire PRA Equipment List and the PRA Model. Without this link
established in the PRA Model, equipment failures resulting from a loss of power may be masked.
In adding power supplies to the Fire PRA Equipment List, consider the following factors:

1. A majority of the Fire PRA power supplies will, most likely, already be included in the Fire
PRA Database as a result of Task 2. In these cases, this step serves as confirmation and also
identifies any secondary or alternate power supplies that might be discovered as part of the
circuit analysis.

2. A circuit analysis should be performed for the power supplies. In performing the cable
selection for power supplies, it is important to capture all electrical protective device circuits
that could initiate a trip of supply breakers to the bus. These circuits include overcurrent trip
circuits, differential trip circuits, ground fault protection, undervoltage and overvoltage
circuits, etc.

3. Each power supply itself will have an upstream power supply that should be added to the
equipment list, if not already there. Some power supplies (e.g., 4kV bus) may also have
separate control power supplies that should be included.

3.5.4 Step 4: Perform Associated Circuits Review

This step determines whether any circuits exist that can indirectly cause a critical component
failure due to a shared power supply or raceway. These “associated circuits” result from
inadequate electrical coordination (common power supply associated circuit) or inadequate
circuit overcurrent protection (common enclosure associated circuit). This step addresses
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common power supply and common enclosure associated circuits. Spurious operation associated
circuits are addressed in Task 2 by adding to the Fire PRA Equipment List those components that
pose a potential spurious operation concern.

In the case of common power supply associated circuits, the concern is that fire-induced damage
to a non-Fire PRA cable will result in a fault. If the feeder overcurrent protective devices for a
power supply are not coordinated with upstream supply devices, the fault could cause the entire
power supply to be deenergized.

Common enclosure associated circuits are of concern when a circuit protective device is not
sufficiently rated to interrupt the fault current to which it might be subjected, or the protective
device is too large to prevent thermal damage to downstream cables as a result of current flow
in excess of the cable rating. In the absence of adequate electrical protection (i.e., properly

sized protective relays, circuit breakers, and fuses), heat generated by fire-induced faults on
nonessential cables could potentially cause a secondary fire to occur within a common enclosure
(e.g., raceway, box, or panel) shared with Fire PRA cables, thereby damaging the essential
cables. The engineering principal at the center of concern is an overcurrent condition that allows
excessive ohmic heating, which in turn raises the cable insulation temperature to a potentially
unsafe level.

In most cases, the plant will have electrical design criteria and a documented electrical
coordination study that provide adequate assurance against adverse effects from common
power supply and common enclosure associated circuits. In this case, the intent is that existing
documentation/analyses be reviewed to ensure sufficient coverage for the Fire PRA analyses.
This review should not be construed as requiring a complete revalidation of existing work or
criteria. Each plant should evaluate their specific documentation and determine if any additional
reviews are appropriate. For example, an Appendix R safe shutdown power supply (electrical
panel or bus) that is covered by an existing coordination study should need no additional
analysis. If, however, the Fire PRA credits new equipment that is powered from a noncritical
bus, and that bus has never been evaluated for proper electrical coordination, additional review
is prudent.

3.5.4.1 Step 4.1: Confirm Satisfactory Electrical Coordination for Fire PRA Power
Supplies

For each Fire PRA power supply, confirm that electrical overcurrent protective devices are
properly coordinated to achieve selective tripping between supply and feeder/branch devices.
In reviewing electrical coordination, consider the following factors.

1. It is not the intent of this step to duplicate analyses that have already been completed.
Rather, the goal is to confirm that existing analyses and studies satisfy baseline assumptions
of the Fire PRA. In most cases, electrical coordination studies will exist as part of the general
plant design basis or Appendix R analysis. Thus, this step’s evaluation should consist of a
summary-level review of the existing calculations/analyses to identify any documented cases
of noncoordination that might impact the Fire PRA.
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Acceptable coordination should be based on standard and customary electrical design
practices adopted by the plant. For this screening-level review, full selective tripping should
be the basis for acceptance. Presupposed manual actions to reclose breakers and cable
separation analyses should not be credited at this stage (Note that these strategies are
actually recovery actions to mitigate equipment losses due to inadequate coordination). In
determining the applicable criteria, care should be exercised to reconcile any fundamental
differences between current and past criteria and expectations for rigor and detail in
documenting analysis results.

In reviewing past analyses, it is important to ensure that the coordination study encompasses
not only the correct power supplies, but also the lineups credited by the Fire PRA.
Additionally, coordination should not be predicated on limiting fault current based on cable
length. This strategy is commonly employed in Appendix R coordination studies, but it does
not generically apply to Fire PRA analyses, since compartment-level and scenario-level
reviews are conducted.

Coordination issues are most likely to exist for non-safety related buses that are not credited
in the Appendix R analysis.

Based on historic precedent, low-voltage 120 VAC and 125 VDC circuits are generally
more prone to coordination problems than are higher voltage circuits due to overlapping
time-current tripping characteristics of small molded case circuit breakers, circuit protectors,
or fuses. Accordingly, the low voltage power supplies should be reviewed carefully.

3.5.4.2 Step 4.2: Confirm Satisfactory Electrical Overcurrent Protection for Common
Enclosures Issues

Confirm that electrical overcurrent protective devices are properly rated and sized for their
application. The criteria for this step are based on normal and customary electrical code
requirements. In reviewing the adequacy of overcurrent protection, consider the following
factors.

1.

As with Step 4.1, above, it is not the intent of this step to duplicate analyses that have already
been completed. The objective is to confirm that existing analyses, studies, and design
practices satisfy baseline assumptions of the Fire PRA. A review of common enclosure
associated circuits has likely been conducted as part of the Appendix R of 10 CFR Part

50 analysis. Thus, this step should primarily involve confirmation that existing studies are
adequate for the intended purpose. Any differences between existing studies and the
objectives of the upgraded PRA will, of course, need to be addressed.

Satisfactory overcurrent protection should be based on standard electrical design practices,
which are generally rooted in electrical code requirements. Normal plant design policy
typically ensures satisfactory overcurrent protection.

Plant short circuit studies generally confirm the adequacy of overcurrent protective device
ratings.

In evaluating the adequacy of cable thermal protection, the criteria for acceptance should be
based on a secondary fire concern and not simply exceeding the continuous or overload
thermal limit for the cable. The continuous and overload rating of a cable are based on
long-term degradation, not short-term failure.
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3.5.4.3 Step 4.3: Add Associated Circuits to Fire PRA Cable List

Any circuits that do not satisty the criteria specified in Steps 4.1 and 4.2, above, should be added
to the Fire PRA Cable List. It is recommended that the cables be associated with the power
supply from which they emanate so as to avoid adding the cable to every component fed from
the power supply.

3.5.5 Step 5: Determine Cable Routing and Plant Locations

The purpose of this step is to determine the routing and plant location for the Fire PRA

cables. This step is conceptually straightforward, but can prove to be highly resource intensive,
depending on the availability and format of existing information. If a detailed circuit analysis
was conducted as part of cable selection, it is only necessary to determine cable routing and
locations for cables that result in functional failures of concern.

This step establishes cable-raceway-location correlations so that the plant compartments through
which a cable is routed can be readily determined. The approach below assumes that cable
locations are established by correlating cables to raceways and then raceways to plant locations
(compartments). In some cases, available plant data might simply correlate cables directly to
locations. The process outlined below should be adjusted accordingly if this applies.

3.5.5.1 Step 5.1: Determine Cable Routing and End Points

Identify the raceways through which the Fire PRA cables are routed (raceways include conduit,
cable tray, junction boxes, pull boxes, panels, etc.). Also identify the end points for the cable,
i.e., the cable “from” and “to” locations. Consider the following factors in determining cable
routing.

1. In most instances, it is important to include cable end point locations in the routing because
a cable termination can exist in a compartment with no associated raceway. For example,
a cable that directly enters a control room panel via a floor sleeve. Cable end points
might include junction boxes, panels, control centers, buses, load centers, and electrical
penetrations, as well as the components themselves. It is suggested that the analysis
document cable end points even if this information is not essential for identifying cable
locations.

2. Cable routing information is generally available from the plant CRS. The process of
associating raceways to cables should be automated to the extent possible. Ideally, the plant
CRS information is downloaded directly to the Fire PRA Database for use, or is accessible
on-line.

3. In some cases, raceway routing information may be missing or be incomplete. For these
cases, walkdowns might be necessary. Any assumptions regarding routing should be assessed
with respect to uncertainty in accordance with Section 3.6.

4. Bus ducts are generally not included in the CRS. Consequently, it might be necessary to
manually incorporate bus ducts if the duct extends beyond on plant compartment.
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3.5.5.2 Step 5.2: Determine Raceway and End Point Locations

Identify the plant locations (i.e., compartments) in which the raceways and end points are located
to establish cable-to-raceway-to-compartment relationships. Consider the following factors in
determining raceway locations.

1. This information might exist in one of many different forms. Ideally, it is already contained
in the plant CRS. If so, the desired correlations are obtained by simply downloading or
linking to the data. The Appendix R circuit analysis might also contain raceway location
information.

2. In establishing the overall cable-to-raceway-to-location relationships, it is important not to
subrogate the raceway information (i.e., simply correlate cables to compartments). Although
this might be more expedient, the missing raceway information will preclude the ability to
conduct raceway-by-raceway fire scenario analyses, which is one of the most powerful
aspects of the Fire PRA.

3. If raceway information is not readily available in a database format, a review of plant layout
drawings and, if necessary, walkdowns, will need to be conducted to obtain the needed
information.

4. End point information need not be tracked if this information is not necessary to identify the
compartments in which the cable terminates.

5. In some cases, it may not be feasible to determine a cable’s exact routing, yet possible to pin
down the specific compartment through which it passes. In these cases, a dummy routing
point can be established to obtain the desired correlation. The use of dummy routing points
should be well-documented in the analysis. In documenting the cable routing locations, it is
also important to identify any known or suspected gaps/discrepancies found in the cable
information sources and recommend corrective action for future revisions. Any assumptions
regarding routing should be documented and factored into the uncertainty analysis.

3.5.5.3 Step 5.3: Determine Raceway Fire Protection Features

Identify any fire protection features associated with the raceway, including fire wrap, flame-
retardant coatings, barriers, shields, etc. Record this information in the Fire PRA Database, and,
if possible, identify the area, zone, and room in which the protection is provided.

3.5.6 Step 6: Fire PRA Cable List and Target Equipment Location Reports

The information collected in the previous steps is entered into the Fire PRA Database, thereby
establishing the Fire PRA Cable List. In entering the data into the Fire PRA Database, it is
important to maintain the established data structure and relationships created for the database
system. This will ensure that the essential database sort and query capability is achieved and that
data integrity is maintained throughout the iterative process of conducting the evaluation.

Once the Fire PRA database is populated with the Fire PRA equipment data and Fire PRA cable
data, Target Equipment Location Reports can be generated automatically. The reports are a
listing of equipment by compartment that is either located in the compartment or has related
cables located in the compartment.
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3.5.6.1 Step 6.1: Assemble Fire PRA Cable List

The following information is collected and input into the Fire PRA Database. This information,
along with other support data entered into the database, is used to establish the Fire PRA Cable
List.

e CableID,

e Associated Fire PRA equipment ID,

e (Cable function (e.g., power, control, instrumentation),

e (Cable vias (i.e., the raceways through which a cable is routed),
e (Cable end points (i.e., cable “from” and “to” points),

e Raceway locations,

e End point locations (if applicable),

e Raceway fire protection features,

e References, and

e Comments.
Appendix B contains an example of the requisite information, along with a sample cable block
diagram. The information is shown as a cumulative “block” of data to illustrate the information

to be collected, and does not necessarily represent the final form of the data in the Fire PRA
Database tables.

3.5.6.2 Step 6.2: Generate Target Equipment Location Reports
Using the Fire PRA Database, generate Target Equipment Location Reports for all

compartments. Appendix B contains an example of a Target Equipment Location Report for
the sample data depicted.
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QUALITATIVE SCREENING (TASK 4)

4.1 Purpose

This procedure describes the criteria for qualitatively screening the fire compartments defined
in Task 1.

4.2 Scope

This work package addresses the following issues in qualitative screening:

e Definition of screening criteria and basis, including definition of plant trip initiator and
controlled manual shutdown;

e Reference to Fire PRA component list used in qualitative screening and criteria for
equipment selection; and

In most fire IPEEE analyses, the primary containment was qualitatively screened. In this
methodology description, the examination of potential risk associated with fires in primary
containment will follow steps similar to other locations of the plant.

4.3 Background Information

4.3.1 General Task Objectives and Approach

From Task 1, Plant Partitioning, a set of fire compartments is identified for the Fire PRA. These
compartments are subjected to a series of screening analyses that will determine the relative fire
risk associated to each. Qualitative screening is the first of such screening analyses. It is not
intended to assign risk values to particular fire compartments. It is intended, however, to identify
those fire compartments where, according to pre-determined criteria, the fire risk is expected to
be relatively low or nonexistent compared to others.

4.3.2 Assumptions
This task assumes that the risk (i.e., CDF and/or LERF) associated with the fire scenarios where

a controlled manual plant shutdown may be attempted as a precautionary measure and no other
Fire PRA components are affected is low.
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4.4 Task Interfaces

4.4.1 Input from Other Tasks

This task needs input from the following tasks:
e Task 1: The list of fire compartments in the plant resulting from the partitioning analysis, and

e Tasks 2 and 3: Equipment and cables selected for the Fire PRA.

4.4.2 Additional Plant Information to Support this Task

No additional plant information is needed in support of this task.

4.4.3 Walkdowns

A formal walkdown is not necessary to complete this task. A walkdown, however, may be
appropriate if the analyst needs to confirm information described in plant documents and
drawings.

4.4.4 Outputs to Other Tasks

The results of this task, unscreened fire compartments, are used in:

e Task 6: Fire Ignition Frequency, where fire frequencies are estimated for each of the
unscreened fire compartments; and

e Task 7: Quantitative Screening. The unscreened fire compartments are subjected to
quantitative screening.

The steps performed under this task should be documented in a work package. The work package
should contain the following:

e A list of all fire compartments qualitatively screened and the basis for their screening, and

e A list of all the fire compartments that were not screened and need further analysis.

4.5 Procedure

Screen a fire compartment if:

e The compartment does not contain any of the equipment (and their associated circuits)
identified in Tasks 2 and 3, and

e In concert with Section 2.5.3 of the Task 2 procedure, the compartment is such that fires in
the compartment will not lead to:
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— an automatic trip, or

— amanual trip as specified in fire procedures or plans, emergency operating procedures,
or other plant policies, procedures and practices, or

— amandated controlled shutdown as prescribed by plant technical specifications because
of invoking a limiting condition of operation (LCO). In this latter case, it is undesirable
to identify cases where shutdown is unlikely to occur before the fire is likely to be
extinguished and where limited effects are expected. Hence, the analyst needs to judge
which cases will be included and provide justifications.

Note that Reference [4.1] provides a suggestion of including cases where shutdown
within 8 hours is mandated.

The above criteria are specifically intended to allow the qualitative screening of fire
compartments that do not contain any of the equipment and their associated circuits identified in
Tasks 2 and 3, but where a prolonged fire might lead operators to implement a controlled manual
shutdown strictly as a judgment-based precautionary measure (i.e., manual shutdown is not
specifically directed by procedure, nor due to technical specification mandates). It is assumed
these types of scenarios are bounded by internal events analyses of general plant trip initiators.

Note that PRA is an iterative process. Should the analyst choose to modify the list of equipment
from Task 2 or the Task 3 cable list at a later stage of analysis, the qualitative screening analysis
should also be reviewed to ensure that fire compartments initially screened out still satisfy the
screening criteria.

Fire compartments qualitatively screened in this task will be reexamined in Task 11 for fires that
may cause potentially risk-significant damage to equipment located in adjacent compartments
(multi-compartment fire scenarios).

A fire in a compartment that is qualitatively screened (and does not propagate to an unscreened
fire compartment) does not contribute to fire-induced risk individually or collectively, since it
neither causes a forced plant shutdown nor will it put the plant in a degraded condition requiring
plant shutdown while the plant remains in the degraded condition.

4.6 References

4.1 Fire PRA Implementation Guide, December 1995, EPRI TR-105928.
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FIRE-INDUCED RISK MODEL (TASK 5)

5.1 Purpose

This section describes the procedure for developing the Fire PRA Model to calculate CDF,
CCDP, LERF, and CLERP for fire events. The procedure addresses the process of implementing
temporary or permanent changes to the Internal Events PRA to quantify fire-induced CDF,
CCDP, LERF, and CLERP, and for developing special models to address FEPs. The procedure
also addresses the transition from temporary changes to permanent changes to the Internal
Events PRA Model during the development of the Fire PRA Model.

5.2 Scope

This procedure addresses the following major steps for developing the Fire PRA Model
for calculating CDF/CCDP and LERF/CLERP for fire events.

e Step 1-Develop the Fire PRA CDF/CCDP Model.
e Step 2-Develop the Fire PRA LERF/CLERP Model.

5.3 Background Information

5.3.1 General Task Objectives and Approach

The primary objective of this task is to provide an approach that allows the user to configure
or modify the Internal Events PRA model to quantify fire-induced CDF, LERF, CCDP, and
CLERP. There are at least two different PRA modeling approaches that have evolved in the
PRA field. These two models, in the evolution of PRA methodology development efforts have
come to be known as the “Fault Tree Linking Approach” and “Event Trees with Boundaries
Approach”. There is a number of different PRA software products available in the industry
market designed around these two approaches. The approach described in this procedure is
based on standard state-of-the-art PRA practices, and is intended to be applicable for any
PRA methodology or software product.
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This procedure allows the user to quantify CDF and LERF or CCDP and CLERP. The only
difference is that the quantified values of the fire scenario frequencies are used for CDF and
LERF calculations, while the fire scenario frequencies are set to 1.0 or TRUE' for CCDP
and CLERP calculations.

Most Internal Events PRA models are based on the premise that the operators will enter the
EOPs. Consequently, the plant response and the operator responses modeled in the PRA are
based on the EOPs. For some plants, a fire may drive the operators to FEPs that significantly
deviate from the EOPs. In some cases, unprotected trains of mitigation systems (i.e., trains not
credited in the Fire Safe Shutdown Analysis) may be placed out of service to preclude the
adverse effects of fire-induced spurious actuations. For these cases, the Internal Events PRA
model may not be appropriate and special models may have to be developed. For other plants,
the FEPs may not significantly deviate from the EOPs, or the EOPs take precedence over the
FEPs. For these cases, the Internal Events PRA may be acceptable. The PRA and HRA analysts
should review the EOPs and the FEPs and determine whether a special model for the FEPs is
needed.

At many plants, a combination of approaches is used. For fires that don’t necessitate control
room evacuation, the EOPs are often used (and thus the Internal Events PRA is useable). Even

in this case, some fire-specific actions may be taken as the result of the simultaneous use of
other fire-specific procedures. For fires that result in control room evacuation (i.e., alternative
shutdown), the operators are directed to exit the EOPs and enter the FEPs. Therefore, a dedicated
model is often needed. In all cases, unique manual actions may need to be addressed and
particularly for control room evacuation cases as well as ex-control room local actions, other
equipment including instrumentation not typically addressed in the Internal Events PRA may
also need to be added to the Fire PRA Model (see Task 2 about identifying equipment to be
added to the component list and Task 12 about identifying new fire-related human actions).

5.3.2 Assumptions

This procedure assumes that the user is familiar with the PRA methodology and software
employed at the nuclear power plant facility. The user should also be familiar with the
procedures for quantifying the PRA model. This procedure assumes that the Internal Events
PRA has sufficient fidelity to automatically propagate component-level failures through the
system and sequence logic models using the PRA software.

* Care should be taken when configuring the model as to which basic events fail (i.e., failure mode or event set to
TRUE or 1.0 failure probability) as a result of the fire. The correct setting (TRUE or 1.0) may need to correspond
to the timing of the failure mode (or event) relative to other possible failure modes or events, and/or whether the
occurrence of the failure mode or event precludes the other failure modes/events.
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5.4 Task Interfaces

5.4.1 Input From Other Tasks

This task uses the Internal Events PRA sequences and fire-induced initiating event information
from Task 2, Fire PRA Components Selection, a list of unscreened fire compartments from Task
4, Qualitative Screening, the PRA equipment to be modeled from Task 2 as reflected in the Fire
PRA Database developed in Support Task B, Fire PRA Database System, and a list of HRA
events developed in Task 12, Post-Fire Human Reliability Analysis. Note that in order for the
Fire PRA modeling process to be complete, the model needs to reflect the locations of the cables
that will be recorded in the database from Support Task B (information supplied from the

Task 3 cable selection process) so that the cable targets are associated with the appropriate
compartments when analyzing fires in each compartment. There will be some iteration
particularly on the PRA equipment and HRA events addressed in the Fire PRA Model due

to more detailed analyses in other tasks as the analysis evolves.

5.4.2 Additional Plant Information Needed to Support this Task

The Internal Events PRA Model for the nuclear power plant facility is needed to support this
task. The user should also have access to the software tools necessary to quantify the PRA
model. The EOPs and FEPs and other fire procedures, as necessary, should be accessible to
the user.

5.4.3 Walkdowns

No walkdown is needed to support this task.

5.4.4 Outputs to Other Tasks

This task provides the steps to configure the Internal Events PRA Model into becoming the Fire
PRA Model, and support the quantitative screening task (Task 7) that, along with other task
products eventually yields the final core damage and large early release estimates from
postulated fire events.

5.5 Procedure

In this task, the Internal Events PRA Model, the unscreened fire compartments from Task 4,

the PRA equipment and fire-induced initiating event information from Task 2 as reflected in the
Fire PRA Database in Support Task B, and the HRA events developed in Task 12 are used to
develop the plant model for the Fire PRA. This development is a phased and iterative process of
implementing both temporary and permanent changes into the Internal Events PRA Model. In
the early phases (i.e., during the early quantitative screening), temporary changes to the Internal
Events logic models are implemented using surrogate events to simulate the impact of each fire.
While the use of existing surrogate events in the model will be minimized during the early
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phases, new surrogate events may have to be added to the logic models to capture the direct and
indirect impacts of each fire. During the final quantification phases of the model development
process, permanent changes are implemented to the logic models. In any case, the analyst always
has the option of implementing permanent changes to the model and bypassing the phased
approach. For plants that implement FEPs that deviate from the EOPs, new logic models will
likely have to be developed since the Internal Events PRA Model may not be appropriate. When
new FEP models are needed, the user should work closely with the analyst for Task 12 to ensure
accurate modeling of operator responses in the FEPs.

It should be emphasized that as the Fire PRA Model is being developed, the analyst should
verify that the PRA logic model reflects, as intended, the effects of fire-induced equipment
failures. The Fire PRA Model may be refined during subsequent quantitative screening (see Task
7), and as additional information is made available from other tasks. However, during the latter
stages of model refinement, and certainly by the time final quantification is undertaken, the
proper function of the logic model should already have been verified. For instance, one fire
scenario might be assumed to cause a total loss of offsite power to the plant vs. another fire
scenario that leads to the failure of only one offsite power bus. The effects of these fires are
clearly different. If it is decided that the Fire PRA will make the distinction between these two
cases, it should be verified that the logic model appropriately captures the relevant functional and
operational distinctions. Similarly, some components have more than one mode of failure that is
of interest depending on the scenario conditions. For example, the spurious opening of a
particular valve may be the failure mode of interest in one situation whereas the failure to open
of the very same valve may be the failure mode of interest in another situation. In such cases, the
events in the logic model need to capture each failure mode differently and tie each failure mode
to the appropriate sequences. It is acceptable to neglect a rigorous treatment of such distinctions
during the early stages of model development and initial screening calculations so long as the
effects of all possible failure modes are conservatively bounded. For instance, during initial
development, the model may reflect all failure modes of a component at the same time even
though this is logically inconsistent (a valve cannot be both open and closed at the same time).
As the analysis evolves and becomes less conservative and more realistic, it is imperative that the
fire-induced component failure modes and effects are implemented in the model in as realistic a
way as possible. Using the correct events in the model to capture these effects is vital to the
model producing the most realistic, best-estimate CDFs and LERFs.

5.5.1 Step 1: Develop CDF/CCDP Model

In this step, the Internal Events PRA is modified to incorporate the model changes necessary to
quantify fire-induced CDF/CCDP. The list of unscreened fire compartments from Task 4 and the
Fire PRA Database developed in Support Task B from Task 2 are reviewed to identify those
equipment and associated failure modes and effects of concern that need to be modeled in the
Fire PRA.
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5.5.1.1 Step 1.1: Select Appropriate Fire-Induced Initiating Events and Sequences
and Verify against the Component List and Failure Modes

In this step, a fire-induced initiating event(s) is defined for each of the unscreened fire
compartments identified in Task 4. The compartments and associated impacts should be
documented (e.g., defined in the Fire PRA Database System), and the fire-induced initiating
events should be incorporated into the PRA logic model in such a manner as to mimic the impact
of the appropriate mapped internal initiating events. Note that Task 2 (particularly section 2.5.3,
step 3 of that procedure) outlines the process of determining appropriate fire-induced initiating
events and the appropriate mapping that is to be implemented in this procedure when
constructing the Fire PRA Model. As stated in Task 2, not all compartments may have fire-
induced initiating events assigned to them on the basis of the criteria presented in Task 2.

Each fire-induced initiating event that is identified is mapped to the internal initiating event

that closely reflects the impact of the fire-induced initiating event on the plant. For example,

a fire in a compartment containing the motor-control center for the service water pumps should
be mapped to the loss of service water initiating event. For CCDP calculations and during the
early phases of the model development process, the model configuration setting function of

the quantification tool (i.e., flag logic or rule-based logic) can be used during the quantification
process to introduce temporary changes to the logic models. With this method, the mapped
internal initiating event is temporarily assigned a value of 1.0, or TRUE. All other initiators are
temporarily assigned a value of 0.0, or FALSE. For CDF calculations and during the final stages
of the model development process, fire-induced initiating events can be explicitly incorporated
into the logic models.

The Internal Events accident sequences are the primary source for developing fire-specific
accident sequences in the Fire PRA Model. Much of the existing Internal Events PRA accident
sequence logic can be used and fire-induced failures can be propagated through the existing logic
structure. However, additional searches for new sequences to be modeled need to be conducted.
This is because certain sequences were likely screened out of the Internal Events PRA or because
of fire effects that represent unique challenges to the plant not covered in the Internal Events
PRA (see Task 2 for more on this subject). For example, a cable room fire could cause:

e Plant trip,

e Loss of offsite power,

e Spurious PORV opening,

e Loss of RCP seal cooling,
e Loss of cooling water,

e Steam generator overfeed,

e Spurious safety injection causing a stuck open relief valve, etc.
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Some of these effects can be directly modeled with the existing Internal Events PRA accident
sequence logic. Others will need new logic in order to determine the fire-induced failure
scenarios (e.g., Fire * PORV spurious operates * PORV block valve failure). The Fire PRA
Database can be used to generate a list of PRA basic events for each fire compartment. For some
PRA models, new fire-specific logic models will have to be developed. Conditional logic needs
to be developed for each fire-induced initiating event.

For plants that have FEPs, special models may be needed to address deviations from the EOPs.
Across the spectrum of plants, the following procedural responses to a fire are examples of what
may be possible:

e The FEPs are entered and unprotected equipment is disabled to preclude spurious actuations.
The EOPs are reentered after the plant is stabilized.

e The FEPs are entered and unprotected equipment is disabled to preclude spurious actuations.
The EOPs are not reentered after the plant is stabilized.

e The FEPs are entered but unprotected equipment is not disabled to preclude spurious
actuations. The EOPs are not reentered after the plant is stabilized. However, the FEP
response is virtually identical to the EOP response.

e The FEPs are entered but unprotected equipment is not disabled to preclude spurious
actuations. The EOPs are reentered after the plant is stabilized.

If special FEP models are needed, the following typical issues should be addressed
(see Task 12 for more on this subject):

e Human actions to isolate unprotected equipment,
e Human actions to manually operate protected equipment,
e Human actions to transfer control from the control room to the alternate shutdown panel, and

e Human actions to establish safe shutdown.

It should be recognized that some of the above human actions could also induce new sequences
not traditionally covered in the Internal Events PRA. For example, the appropriate closing of a
pressurizer PORV block valve by the operator to preclude the effects of a possible spurious
opening of the PORV may cause demands of the pressurizer SRV and subsequent sequences not
modeled in the Internal Events PRA. New sequences to account for these effects may also need
to be incorporated into the Fire PRA Model (see Task 2 for more on this subject).
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Figure 5-1 provides an illustration of an FEP response model:
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Figure 5-1

lllustration of a FEP Response Model

5.5.1.2 Step 1.2: Incorporate Fire-Induced Equipment Failures

In this step, fire-induced equipment failure modes are incorporated into the Internal Events

Model. The Fire PRA Database is used to generate a list of failed equipment for each fire

compartment. The following types of fire-induced equipment failures are addressed:

e Fire-induced equipment failures (including spurious operation) that directly disable or
degrade systems, trains, and functions credited in the Fire PRA Model. In some cases,
fire-induced cable failure modes may have to be addressed.

e Systems, trains, and functions that are not credited in the Fire PRA Model are assumed to be
in a failed condition for all fires. Therefore, equipment associated with the non-credited

systems, trains, and functions are assumed to be in a failed condition in the model for all

fires.

e Fire-induced instrumentation failures (including spurious operation) that prevent the
operators from performing a credited action.
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e Fire-induced instrumentation failures (including spurious operation) that cause the operators
to perform incorrect actions (e.g., reducing defense-in-depth by removing equipment from
service).

e Manual actions specified in the FEPs may include actions to preclude or mitigate the effects
of spurious operation, to address a degraded barrier, or to address a breaker coordination
problem, as well as other fire-specific goals such as the verification of component status.
Besides the issue of some actions potentially causing new sequences as addressed earlier in
Section 5.5.1.1, manual actions may cause failure of a safe shutdown function or a subset of
that functional response. For example, a proceduralized action may be to trip a power
supply thereby disabling certain equipment in the plant. The effect of this action needs to be
implemented in the Fire PRA Model considering the likely timing of the action and when the
affected equipment is needed (see Task 2).

During the early phases of the model development process, the model configuration setting
function of the quantification tool can be used to temporarily assign a value of 1.0 or TRUE

for surrogate events in the model. During the final stages of the model development process,
the fire impacts can be explicitly incorporated into the logic models. Note that as a special case
of the use of 1.0 or TRUE, if the analyst will be performing the optional ICDP and ILERP
calculations for addressing quantitative screening discussed in Task 7, the component assumed
to be unavailable for purposes of each calculation is set to 1.0 or TRUE to account for the
unavailability of that component for purposes of the calculation. This has nothing to do with the
fire inducing the unavailability or any other fire-related effect; it is simply the means by which
the ICDP/ILERP calculations are performed for that component.

Basic events for spurious operation are defined and included in the PRA logic model. The basic
events for spurious operation should be incorporated into the PRA logic model in such a manner
as to conditionalize the events with the associated fire. Again, when doing so, the analyst needs
to take careful note of the fire and its effects to ensure the implementation of the effects in the
logic model are as intended. For example, a fire initiating in a switchgear panel that immediately
fails all power coming from the panel simultaneously prevents the possibility of spurious control
signals whose power source is the same panel. Hence these spurious operations cannot occur
under the presented circumstances and the effects of spurious operation should not be included in
the logic model for that specific fire. When eliminating such a possibility, the expected timing
of the fire scenario also needs to be considered, as best understood at the time of model
development or during subsequent refinement of the model. In this same example, if the fire is
expected to cause quick failure of the switchgear panel as a power source but it is possible that
the flames could affect associated components’ control cables before the switchgear power is
lost, then the spurious events may still occur and need to be captured within the logic model.
With the exception of spurious failure events, the fire scenario(s) associated with each fire
compartment can directly fail the logic containing the associated basic events.

Table 5-1 provides a summary of methods for addressing equipment failures as a result of a fire.
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5.5.1.3 Step1.3: Incorporate Fire-Induced Human Failures

In this step, fire-specific human failure events are defined and included in the PRA logic

model (see Task 12). During the early phases of the model development process, the model
configuration setting function of the quantification tool can be used to temporarily assign a value
of 1.0 or TRUE for surrogate events in the model. Surrogate events are typically existing human
failure events in the Internal Events logic model. New fire-specific human failure events may
have to be added to the logic models based on actions specified in the FEPs.

During the final stages of the model development process, unscreened fire-induced human
failure events will be explicitly incorporated into the logic models. The fire-induced human
failure basic events will be conditional on the appropriate fires.

5.5.2 Step 2: Develop LERF/CLERP Model

In this step, the Internal Events PRA will be modified to incorporate the model changes
necessary to quantify fire-induced LERF/CLERP. With the exception of the active containment
systems (i.e., containment isolation, containment coolers, hydrogen igniters, and containment
spray, etc.), many of the model changes needed to calculate LERF/CLERP are implemented

in Step 1.

Table 5-1
Summary of Methods for Addressing Fire-Induced Equipment Failures

Temporary Model Changes During

Equipment Category Quantification

Permanent Model Changes

Fire-induced equipment failures Use the model configuration setting | Explicitly add fire events into the

(including spurious operation as well
as fire procedure-directed operator
actions that disable equipment) that
directly disable or degrade systems,
trains, and functions credited in the
Fire PRA Model. This includes any
cable failure modes for
compartments containing a
significant number of electrical
equipment (e.g., switchgear room).

function to assign a value of 1.0 or
TRUE for surrogate events
associated with the equipment
failure. Surrogate events are
typically existing equipment basic
events in the Internal Events logic
model. New surrogate events may
have to be added to the logic models
if an appropriate basic event is not
already present.

logic model to mimic the failure
or degradation of systems,
trains, and functions credited in
the Fire PRA Model. For
spurious actuation failures and
operator disabling events, fire-
specific basic events will have to
be added to the logic model.
The new events will be
conditional on the appropriate
fire scenario.

Equipment failures associated with
systems, trains, and functions that
are not credited

in the Fire PRA Model

Use the model configuration setting
function to assign a value of 1.0 or
TRUE for surrogate events associated
with failure of systems, trains, and
functions that are not credited in the
Fire PRA Model. Surrogate events are
typically existing equipment basic
events in the Internal Events logic
model. New surrogate events may
have to be added to the logic models if
an appropriate basic event is not
already present.

Explicitly add fire events into the
logic model to mimic the failure
of systems, trains, and functions
not credited in the Fire PRA
Model.
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Table 5-1

Summary of Methods for Addressing Fire-Induced Equipment Failures (Continued)

Equipment Category

Temporary Model Changes
During Quantification

Permanent Model Changes

Equipment failures
associated with
unavailability of intact
systems, trains, and

by the fire. (used for
incremental core damage
probability (ICDP) and
ILERP calculations only)

functions that are unaffected

Use the model configuration setting
function to assign a value of 1.0 or
TRUE for surrogate events with
unavailability of intact systems,
trains, and functions that are
unaffected by the fire. Surrogate
events are typically existing
equipment basic events in the
Internal Events logic model. New
surrogate events may have to be
added to the logic models if an
appropriate basic event is not
already present. Setting the
unavailability of the equipment to
1.0 or TRUE makes the equipment
unavailable for purposes of
calculating an associated
ICDP/ILERP..

None

Fire-induced
instrumentation failures
(including spurious
operation) that prevent the

credited action.

operators from performing a

Use the model configuration
setting function to assign a
value of 1.0 or TRUE for
surrogate events associated
with the failure of credited
human actions. Surrogate
events are typically existing
human failure events in the
Internal Events logic model.
New fire-specific human failure
events may have to be added to
the logic models based on
actions specified in the fire
response procedures.

Explicitly add fire events into the
logic model to mimic the failure
of instrumentation that prevents
the operators from performing
a credited human action. For
spurious actuation failures and
the human failure events, fire-
specific basic events will have
to be added to the logic model.
The new events will be
conditional on the appropriate
fire scenario.

Fire-induced
instrumentation failures
(including spurious
operation) that cause the
operators to perform
incorrect actions (e.g.,
reducing defense-in-depth
by removing equipment
from service).

Use the model configuration
setting function to assign a
value of 1.0 or TRUE for
surrogate events associated
with the instrumentation failures
that cause the operators to
perform incorrect actions.
Surrogate events are typically
existing equipment failure
events in the Internal Events
logic model. New surrogate
events may have to be added to
the logic models if an
appropriate basic event is not
already present.

Explicitly add fire events into the
logic model to mimic the failure
of instrumentation that cause
the operators to perform
incorrect actions. For spurious
actuation failures, fire-specific
basic events will have to be
added to the logic model. The
new events will be conditional
on the appropriate fire scenario.

actions specified in the
FEPs to, for instance,
preclude or mitigate the
effects of spurious
operation.

Failure to implement manual

Model as a recovery event
without explicitly including the
human failure event in the logic
models. See Task 12 for
appropriate screening values to
use.

Explicitly include human failure
event in the logic models. See
Task 12 for appropriate
screening values and detailed
analysis instructions.
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5.5.2.1 Step 2.1: Select Appropriate Fire-Induced Initiating Events and Sequences
and Verify against the Component List and Failure Modes

The Internal Events accident sequences are the primary source for consideration in the Fire

PRA model (see Task 2) and are used as a basis for defining fire-specific LERF/CLERP

accident sequences. For most PRA models, the existing Internal Events LERF/CLERP accident
sequence logic can be used and fire-induced failures can be propagated through the existing logic
structure. The Fire PRA Database can be used to generate a list of PRA basic events for each fire
compartment. For some PRA models, new fire-specific LERF/CLERP logic models will have to
be developed and searches for new sequences need to occur as discussed in Section 5.5.1, Step 1.
Conditional logic will have to be developed for each fire-induced initiating event.

As also discussed in Section 5.5.1, Step 1, special FEP models and fire-related manual action
effects may have to be developed to address plant configurations and sequences that are outside
the scope of the Internal Events PRA Model. The same discussions apply to the LERF/CLERP
model development process.

5.5.2.2 Step 2.2: Incorporate Fire-Induced Equipment Failures

In this step, fire-induced equipment failure events are incorporated into the LERF/CLERP

logic model. With the exception of the active containment systems (i.e., containment isolation,
containment coolers, hydrogen igniters, and containment spray, etc.) many of the model changes
needed to calculate LERF/CLERP are implemented in Step 1.2. The procedure provided in

Step 1.2 can be used to address equipment specifically for the LERF/CLERP model.

5.5.2.3 Step 2.3: Incorporate Fire-Induced Human Failures

Fire-specific human failure events are defined and included in the LERF/CLERP logic model.
With the exception of human failure events associated with the active containment systems

(i.e., containment isolation, containment coolers, hydrogen igniters, and containment spray, etc.),
many of the model changes needed to calculate LERF/CLERP are implemented in Step 1.3. The
procedure provided in Step 1.3 can be used to address human failure events specifically for the
LERF/CLERP model.
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FIRE IGNITION FREQUENCIES (TASK 6)

6.1 Purpose

This section describes the procedure for estimating the fire-ignition frequencies associated with
fire ignition sources. Generic ignition frequencies that can be specialized to plant conditions in

terms of plant characteristics and plant fire event experience are provided. Uncertainties in the

generic frequencies are also provided in terms of 5", 50", and 95" percentiles.

6.2 Scope

This work package addresses the following fire-ignition frequency related issues:

e Plant specific fire event data review and generic fire frequency update using Bayesian
approach,

e Equipment (ignition source) count by compartment,

e Apportioning of ignition frequencies according to compartment-specific configurations,
and

e Uncertainty considerations in the fire frequencies.
6.3 Background Information

6.3.1 General Task Objectives and Approach

This task estimates fire-ignition frequencies and their respective uncertainties for different
compartments (e.g., main control room and RHR pump room) and ignition sources (e.g., CCW
Pump A and three vertical segments of a motor control center (MCC)). A generic set of fire-
ignition frequencies for various generic equipment types (ignition sources) typically found in
certain plant locations was developed as a starting point. It should be noted that when analyzing
historical event data it could not be determined whether or not electrical equipment (e.g., cables
and electrical cabinets) employ thermoset or thermoplastic insulation and/or jackets. Therefore,
all the events for any given ignition source type were combined and the resulting frequencies
should be used for both types of cable insulation and jacket material.

The combination of locations and equipment types (ignition source) are referred to here as
ignition frequency bins. Table 6-1 provides the list of these bins and their respective generic
mean frequencies (i.e., the mean value of the uncertainty distribution) in terms of number of
events per reactor year. A description and limitations of the equipment type of each bin is further
discussed in Section 6.5.6 below. The operating mode (i.e., whether or not the plant is in power
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operation) used for collecting the fire event data for each bin is also noted in that table. Appendix
C provides a discussion of the basis of the frequencies and their derivation method. The two-
stage Bayesian update method [6.1] was used to account for plant-to-plant variability among

the plant. The 5", 50" and 95" percentiles of the uncertainty distribution are also provided in
Appendix C. The underlying fire event data was taken from EPRI’s Fire Events Database
(FEDB). Single stage Bayesian update method can be used to modify the generic frequencies

to reflect the influence of plant specific fire event experience.

Different fire types can be postulated for some of the ignition sources. For example, the bin
“plant-wide components/pumps” can refer to both electric and oil fires. In those cases, Table 6-1
provides a split fraction for each fire type. The split fraction was determined according to fire
events in the FEDB. Continuing with the plant-wide-components/pumps example, the pump fire
events in the database were reviewed and classified as oil or electrical fires. This classification
serves as the basis for the split fraction.

The frequencies provided in Table 6-1 apply to all relevant equipment items within a unit. For
example, in the case of “batteries,” the mean frequency, 7.5E-04 per reactor year, applies to all
battery sets of a unit that provides backup power to the DC buses. If there are two battery sets
associated with one unit, the fire frequency per battery set would be 3.75E-04 per reactor year.
If there are four battery sets in another one-unit plant, the mean frequency at that plant would be
1.87E-04 per reactor year for each battery set. This is an important feature of the fire frequency
model employed in this fire risk methodology and reflects differences in plant design and
construction. As the example illustrates, the per-item fire ignition frequency may vary from plant
to plant due to the variations in the total population of a given equipment type present in the
plant. Such variations are an inherent feature of the methodology presented in this report. The
intent of the methodology is to preserve the plant-wide fire frequency for each ignition source
type. The plant-wide frequency of, for example battery fires, is assumed to be the same for all
units. However, due to variations in the number of battery sets, the fire frequency per battery set
at one unit may differ from that of another unit.

In Task 7A, the quantification process needs the fire frequency associated with a compartment.
Compartment level frequency is calculated from the sum of all frequencies A, associated with
the ignition sources present in the compartment. The ignition source frequencies A are
estimated from the following equation: '

Mgy =M W W,
where:
A, = Plant-level fire frequency associated with ignition source IS
W, = Location weighting factor associated with the ignition source
W, = Ignition source weighting factor reflecting the quantity of the ignition source

type present in compartment J of location L.

Note that where multiple locations (e.g., control building and auxiliary building) are mentioned
for the location designator, the bin frequency presented in Table 6-1 applies to all the fire
compartments of those locations collectively.
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Table 6-1
Fire Frequency Bins and Generic Frequencies
. Generic Split Fractions for Fire Type
ID Location (égllli“?eﬁ?;‘-rci) Mode | Freq
quip yp (per rx yr)|Electrical| Oil |Transient Hotwork|Hydrogen| HEAF'
1 | Battery Room Batteries All 7.5E-04 1.0 0 0 0 0 0
2 | Containment (PWR) Reactor Coolant Pump Power| 6.1E-03 0.14 |0.86 0 0 0 0
3 | Containment (PWR) Transients and Hotwork Power| 2.0E-03 0 0 0.44 0.56 0 0
4 | Control Room Main Control Board All 2.5E-03 1.0 0 0 0 0 0
5 | Control/Aux/Reactor Cabile fires caused by Power| 1.6E-03 0 0 0 1.0 0 0
Building welding and cutting
6 | Control/Aux/Reactor Transient fires caused by Power| 9.7E-03 0 0 0 1.0 0 0
Building welding and cutting
7 | Control/Aux/Reactor Transients Power| 3.9E-03 0 0 1.0 0 0 0
Building
8 | Diesel Generator Room Diesel Generators All | 2.1E-02 0.16 |0.84 0 0 0 0
9 | Plant-Wide Components | Air Compressors All | 2.4E-03 0.83 |0.17 0 0 0 0
10 | Plant-Wide Components | Battery Chargers All 1.8E-03 1.0 0 0 0 0 0
11 | Plant-Wide Components | Cable fires caused by Power| 2.0E-03 0 0 0 1.0 0 0
welding and cutting
12 | Plant-Wide Components | Cable Run (Self-ignited cable| All | 4.4E-03 1.0 0 0 0 0 0
fires)
13 | Plant-Wide Components | Dryers All | 2.6E-03 0 0 1.0 0 0 0
14 | Plant-Wide Components | Electric Motors All | 4.6E-03 1.0 0 0 0 0 0
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6-4

Table 6-1

Fire Frequency Bins and Generic Frequencies (Continued)

welding and cutting

. Generic Split Fractions for Fire Type
ID Location (Il:g':"it'ﬁeﬁ?#rci) Mode | Freq
quip yp (per rx yr)|Electrical| Oil |Transient Hotwork| Hydrogen | HEAF'
15 | Plant-Wide Components | Electrical Cabinets All 4.5E-02 1.0 0 0 0 0 0
16 | Plant-Wide Components | High Energy Arcing Faults' All 1.5E-03 0 0 0 0 0 1.0
17 | Plant-Wide Components | Hydrogen Tanks All 1.7E-03 0 0 0 0 1.0 0
18 | Plant-Wide Components | Junction Boxes All 1.9E-03 1.0 0 0 0 0 0
19 | Plant-Wide Components | Misc. Hydrogen Fires All | 2.5E-03 0 0 0 0 1.0 0
20 | Plant-Wide Components | Off-gas/H2 Recombiner Power| 4.4E-02 0 0 0 0 1.0 0
(BWR)
21 | Plant-Wide Components | Pumps All 2.1E-02 0.54 |0.46 0 0 0 0
22 | Plant-Wide Components | RPS MG Sets Power| 1.6E-03 1.0 0 0 0 0 0
23a | Plant-Wide Components | Transformers (Qil filled) 0 1.0 0 0 0 0
All | 9.9E-03

23b | Plant-Wide Components | Transformers (Dry) 1.0 0 0 0 0 0
24 | Plant-Wide Components | Transient fires caused by Power| 4.9E-03 0 0 0 1.0 0 0




Table 6-1
Fire Frequency Bins and Generic Frequencies (Continued)

Fire Ignition Frequencies (Task 6)

_ Ignition Source Generic Split Fractions for Fire Type
ID Location Equi tT Mode Freq
(Equipment Type) (per rx yr)[Electrical| Oil | Transient |Hotwork| Hydrogen | HEAF'
25 | Plant-Wide Transients Power | 9.9E-03 0 0 1.0 0 0 0
Components
26 | Plant-Wide Ventilation Subsystems All 7.4E-03 0.95 |0.05 0 0 0 0
Components
27 | Transformer Yard| Transformer — Catastrophic® Power | 6.0E-03 1.0° 0 0 0 0
28 | Transformer Yard| Transformer - Non Catastrophic® | Power | 1.2E-02 1.0° 0 0 0 0
29 | Transformer Yard| Yard transformers (Others) Power | 2.2E-03 1.0 0 0 0 0 0
30 | Turbine Building | Boiler All 1.1E-03 0 1.0 0 0 0 0
31 | Turbine Building | Cable fires caused by welding Power | 1.6E-03 0 0 0 1.0 0 0
and cutting
32 | Turbine Building | Main Feedwater Pumps Power | 1.3E-02 0.1 0.89 0 0 0 0
33 | Turbine Building | Turbine Generator Excitor Power | 3.9E-03 1.0 0 0 0 0 0
34 | Turbine Building | Turbine Generator Hydrogen Power | 6.5E-03 0 0 0 0 1.0 0
35 | Turbine Building | Turbine Generator Oil Power | 9.5E-03 0 1.0 0 0 0 0
36 | Turbine Building | Transient fires caused by welding | Power | 8.2E-03 0 0 0 1.0 0 0
and cutting
37 | Turbine Building | Transients Power | 8.5E-03 0 0 1.0 0 0 0

1. See Appendix M for a description of high-energy arcing fault (HEAF) fires.

2. See Section 6.5.6 below for a definition.

3. The event should be considered either as an electrical or oil fire, whichever yields the worst consequences.
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Plant-level fire frequencies (i.e., A) are either taken directly from Table 6-1 or after a
Bayesian update using plant-specific fire experience. Location weighting factor, W , adjusts
the frequencies for those situations where a common location (e.g. turbine building) or set of
equipment types are shared between multiple units. For example, if one turbine building serves
two units, then 2.0 will be used for location weighting factor.

Ignition source weighting factor, in general terms, is the fraction of an ignition source type found
in a specific compartment. As presented earlier, if there are two battery sets associated with a
unit and one of them is in compartment J, 0.5 should be used for the ignition source weighting
factor associated with the batteries found in compartment J. Therefore, to establish the ignition
source weighting factors, it is necessary to obtain a count for each compartment of every relevant
item (i.e., ignition sources). Also, the combination of the two factors (i.e., W, W ;) accounts for
the fraction of ignition source types in a multiunit site found in a specific compartment of the
unit being studied.

Compartment level fire frequency would then be calculated from:
Ay=Zhs W, W/S,J,L
(Summed over all ignition sources IS in compartment J of location L)

In Task 11, the quantification process needs the ignition frequency associated with a fire
scenario. Typically, a fire scenario in Task 11 is defined in terms of a fire starting from a specific
ignition source and propagating to other combustibles and targets. To establish the ignition
frequency associated with a specific ignition source, the equation on page 6-2 can be used.

The estimation of weighting factors for transient fires is treated differently when compared to the
method previously used by EPRI in the Fire PRA Implementation Guide [6.2]. In this procedure,
maintenance, storage, and occupancy characteristics are considered in estimating the factors.

6.3.2 Assumptions

The analysis model described in this task is based on the following assumptions.
e Fire ignition frequencies remain constant over time;

e Among the plants, total ignition frequency is the same for the same equipment type,
regardless of differences in the quantity and characteristics of the equipment type that may
exist among the plants;

e Within each plant, the likelihood of fire ignition is the same across an equipment type.
For example, pumps are assumed to have the same fire ignition frequency regardless of
size, usage level, working environment, etc.

6.4 Task Interfaces

6.4.1 Input from Other Tasks

This task needs the list of unscreened fire compartments generated in Task 4, Qualitative
Screening.
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6.4.2 Additional Plant Information Needed to Support this Task

Fire event records available at the plant may be used to update ignition frequencies using
plant-specific data. The events may or may not have been included in EPRI’s fire events
database [6.3]. These fire event records may be categorized based on location, ignition source,
and plant operating mode (i.e., power or low power).

6.4.3 Walkdowns

At least one walkdown of the entire plant or unit is recommended to identify ignition sources in
each fire compartment identified in Task 1, map components to the frequency bins of Table 6-1,
facilitate the equipment count and identify their locations. The analyst may elect to walkdown
only those fire compartments that survive the first qualitative screening (Task 4). This approach
may lead to a conservative count of the equipment in the per-component fire frequency context
(i.e., an undercount) because components located in the screened out fire compartments would
not be included in the equipment counts.

6.4.4 Outputs to Other Tasks

The fire ignition frequencies calculated in this task are used in Tasks 7A, 8, 7B, 11, 14 and 15.
Also, ignition source listing by compartment is used in Task 8 for screening the ignition sources
and in Task 11 for defining fire frequencies.

6.5 Procedure

This task is organized around the following eight steps:
Mapping plant ignition sources to generic sources
Plant fire event data collection and review

Plant specific updates of generic ignition frequencies
Mapping plant-specific locations to generic locations
Location weighting factors

Fixed fire ignition source counts

Ignition source weighting factors

S A

Ignition source and compartment fire frequency evaluation

6.5.1 Step 1: Mapping Plant Ignition Sources to Generic Sources

The purpose of this step is to map all plant components that can initiate a fire (e.g., electrical
equipment) to a corresponding bin as listed in Table 6-1. The mapping process may begin with a
listing of all component types represented in the Fire PRA component list augmented by any
additional equipment types known to the analyst. The mapping needs to be updated as more
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information is collected from the plant and especially when a walkdown of all fire compartments
is conducted. For each fire compartment, a review of all ignition sources should be conducted to
verify that every ignition source can be mapped to one of the relevant bins in Table 6-1.

It is possible that unique ignition source types are identified that may not be reflected in the
generic frequency model ignition source list (see Table 6-1). For example, some plants have gas
turbine based emergency generators. If an ignition source is identified with no matching bin, the
following information should be gathered about that source:

e Characteristics of the source, such as type of ignition source (e.g., electrical, diesel powered),
quantity of energy source (e.g., power, voltage, amount gasoline), presence of open flame or
sparks, high temperature surfaces, etc.,

e Percentage of the time the ignition source is functioning when it has the potential of starting
a fire,

e Any history of fire events in the plant associated with the specific ignition source, and

e History of fire events at locations other than this plant and other than the nuclear power
industry.

If there have been fire events in the plant caused by a nonmatching source, the specific fire event
data can be used to estimate the fire ignition frequency associated with that source. If there is no
plant-specific history, the location of the ignition source may be reviewed to establish any
likelihood of challenging plant safety. If it can be ascertained that plant safety would not be
affected at all, a frequency evaluation of the ignition source can be omitted. Otherwise, the
ignition frequency associated with the source should be developed and justified using such
information sources as the vendor, other industries, or, ultimately comparing the source to

others with known ignition frequencies.

6.5.2 Step 2: Plant Fire Event Data Collection and Review

The purpose of this task is to examine the fire events in the plant to make two determinations:
1. Are there any unusual fire occurrence patterns in the plant?

2. Is plant-specific fire frequency evaluation warranted?

In principal, the generic fire frequencies of Table 6-1 may be updated using plant-specific fire
event data in all cases. However, to reduce the level of effort, the analysis team may decide to
forego this option. Use of the generic fire frequency data is reasonable if an important condition
is met: there are no unusual fire occurrence patterns in the plant. Note that the review and
examination of plant-specific fire events is one way of comparing the fire protection and
housekeeping practices in the plant against the industry experience reflected in the generic

fire ignition frequency model.

* Although some fire event history does exist with gas turbine based emergency generators, because of lack of
sufficient knowledge about the number of such devices used in the industry, no attempt was made to estimate the
fire frequency associated with gas turbines.
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Plant fire event records are usually available from various sources. This is generally a
plant-specific issue. However, often the fire brigade maintains a log of their activities that
would include actual fire events. In addition, the maintenance and operations departments may
have their logs or event descriptions. For collecting plant-specific information, the following
approach is offered.

1. The plant-specific events may or may not include those used in the FEDB for generic fire
frequency evaluation. All fire event data should be collected independent of FEDB records.

2. The operating modes associated with each fire ignition bin should be identified and the
number of events that occurred only during the specified operating mode should be counted.
Refer to Table 6-1 for the operating modes associated with each bin.

3. The number of reactor years is also related to the operating mode. If all operating modes are
considered, the reactor years are simply equal to the number of years between commercial
operation (or the start of data collection period) and end of the data collection period. If the
operating mode is at power only, the number of reactor years is equal to total duration that
the plant had been in operation during the data collection period. The duration may be
obtained from plant operating records or by applying an average availability factor to the
number of years in the data collection period.

The fire events should be classified by location, ignition source, and mode of operation using the
information gathered in the preceding step and the generic ignition frequency model approach
presented in Appendix C. The outcome of this effort should be the number of fire events in the
plant and total reactor years of the plant associated with each bin. The total reactor years should
be based on the operating modes considered in the generic frequency analysis of that bin.

A review of plant-specific fire event data may reveal the following potential conditions:

e There are fire events in the plant involving ignition sources that cannot be mapped to any
of the ignition source bins of Table 6-1,

e There have been a large number of fire events for a specific ignition source bin, and

e There are only a small number of fire events in the plant being analyzed.

If there are any events that cannot be mapped to one of the ignition source bins of Table 6-1,
Step 1 should be revisited to ensure those events are included in that analysis.

If plant fire event history reveals a repeated set of events associated with an ignition source bin,
it is recommended that, for those bins, plant-specific fire frequencies be estimated. However,
before this determination is made, the analysts may first investigate the severity of those events
and attempt to identify any common causes. A common cause may indicate a problem specific to
the plant being analyzed. If some of these fire events are potentially challenging (see Appendix C
for the definition of this term), and there is a common-cause problem that has not been identified
and corrected, a plant-specific fire frequency evaluation is recommended. If the common-cause
problem has been identified and corrected, generic fire frequencies may be used. On the other
hand, if no commonality could be identified as the root cause of the fires, it may be an indication
of the large variations in reporting practices throughout the commercial nuclear power industry,
rather than a problem in the plant being analyzed. The use of the generic frequency is warranted
for this latter case.
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If there are only a small number of fire events in the plant, use of generic fire frequencies is
warranted. Otherwise, a plant- specific update of the fire ignition frequencies may significantly
alter the fire frequencies. For example, if there were only one plant specific event associated with
a frequency bin, the frequency of that bin would increase significantly if Bayesian update were
employed. Typically a plant or a unit has less than 100 years of total experience and fire
frequencies for each bin is smaller than once per 100 years. Therefore, with one event in the
plant specific database the frequency would increase (after Bayesian update) significantly. The
updated frequency in such cases can be considered as overly conservative based on the thought
that since there is some small probability of occurrence, the event happened to occur at an earlier
stage of the observation period. However, the same argument cannot be used if several events of
similar characteristics had taken place. In that case, there could be an inherent condition that is
much different from the overall industry conditions and generic fire frequencies should be
considered as overly optimistic.

6.5.3 Step 3: Plant Specific Updates of Generic Ignition Frequencies

This step should be followed for those frequencies that will be based on plant-specific fire event
data. After the plant-specific data has been collected and analyzed in Step 2, the generic bin
frequencies can be updated using Bayesian approach [6.1]. The following equation can be used
for this process:

L(E[A)z, (2)

L(EW)r, (2)dr

7[(/1|E) = J.

where

ﬂ(ﬂ|E ) = The uncertainty distribution for plant-specific fire frequencies
(the posterior distribution)

T, (/1) = The uncertainty distribution attributed to the generic fire frequencies provided
in Appendix C (the prior distribution), and
L(E |/1) = The likelihood function of plant-specific fire events.

The likelihood function in a Bayesian formulation usually captures the information provided by
the collected plant specific data. The likelihood represents the quality of evidence available to
estimate the frequency. In this formulation, the likelihood function is a Poisson probability
distribution:

k -iT

L(E|2) = @rye
k!

This distribution answers the theoretical question of given a constant frequency; what is the
probability of observing the specific number of fire events (k) that occurred in the specific
number of reactor years (T)? The prior distribution (generic frequencies) provided in this
procedure may be assumed to be lognormal using the 50" and 95" percentiles presented in
Appendix C.
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6.5.4 Step 4: Mapping Plant-Specific Locations to Generic Locations

Fire ignition source bin definition, in addition to equipment type, includes a plant location
(see Table 6-1). This step maps plant-specific locations to generic locations. The following set
of generic plant locations is used in defining ignition source bins:

e Battery Room,

e Containment (PWR),

e Control Room,

e Control/Auxiliary/Reactor Building,
e Diesel Generator Room,

e Plant-Wide Components,

e Transformer Yard, and

e Turbine Building.

These generic plant locations are derived based on variety of plant constructions and naming
practices. In order to use the generic frequency model, the analyst should assign various plant
locations to one of the above-listed generic locations. The ultimate goal of this effort is to map
the compartments defined in Task 1 (and not screened in Task 4) to one of the above listed
generic locations. Therefore, the final outcome of this task is a list of plant locations and their
respective generic locations. Table 6-2 provides a description of each generic location category
to facilitate the mapping process described in this step. Note that location weighting factor,
W, is addressed in Step 3, below.

Generic mapping of areas raises a number of questions about the process, since plants are
generally configured differently. The primary criterion used in mapping deals with the location
of equipment that serve the same or similar function(s) as the one in the generic database.

The premise here is that all plants (per unit) are made up of the same general components that
perform the same functions, i.e., power control, inventory control, decay heat removal, on-site
AC and DC power, etc. Some of these components are housed in similar locations in different
plants (e.g., turbine generator in the turbine building); these are separated in the generic plant
locations. Other components vary in their location from one plant to another, e.g., battery
chargers and air compressors; these are grouped in a category called ‘“Plant-Wide Components.

2

Note that naming schemes varies from plant to plant for rooms and buildings containing similar
components. For example, the room(s) where service water pumps are housed are referred to as
the: service building, service water pump house, pump building, intake structure, etc. It is
important to note that large control panels other than those in the Main Control Room

(e.g., Radwaste Control Panel) may be mapped as a Main Control Board. In other words,

the same frequency as that used for the Main Control Board of the Main Control Room may

be assigned to those other large control panels as well.
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Table 6-2

Generic Plant Location Descriptions and Weighting Factor W,

Plant Location

Description/Clarification

Weighting Factor (W)

Battery Room

Plant location(s) where station batteries are
located. Does not include other permanent or
temporary batteries.

The number of site units that
share a common set of batteries.

Containment (PWR)

PWR-The building that houses the reactor
core and the rest of the primary system.

Refueling floor may be part of this location in
many U.S. plants.

The number of units in the site
divided by the number of
containment buildings.

Control Room

Plant location(s) where controls for normal
and emergency plant operations are located.
The control room envelope may include
additional locations typically referred to as:

e Auxiliary Electrical Room or Relay
Room, where all plant relay logic circuits
are located,

o  Computer room(s), and

e Recreation room or kitchen connected to
the control room.

The number of units in the site
divided by the number of control
rooms per site.

Control/Auxiliary/Re
actor Building

The combination of typically contiguous
buildings that contain the emergency core
cooling, auxiliary feedwater, emergency
electrical distribution system, emergency
control circuits, and other safe shutdown
related systems. It would include the cable
spreading room, emergency or safety related
switchgear room, relay room, etc. It would
not specifically include the containment
where main reactor vessel is located and the
fuel handling areas of the plant. Note: in
BWRs, this location combination is typically
referred to as the Reactor Building.

The number of units in the

site divided by the number

of shared control/auxiliary/reactor
building considered as one
structure.

Diesel Generator

Plant location where emergency diesel

The number of units in the site

buildings, maintenance yard, maintenance
shop, etc.

Rooms generators are located. This does not include | that share a common set of diesel
temporary diesel generators. generators.

Plant-Wide All plant locations inside the fence other than | The number of units per site.

Components the containment, fuel handling building, office
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Generic Plant Location Descriptions and Weighting Factor W (Continued)

Plant Location

Description/Clarification

Weighting Factor (W)

Transformer Yard

The area of the yard where station, service,
and auxiliary transformers and related items
are located. This may also be referred to as
the Switchyard.

The number of units in the site
that share a common set of
switchyards.

Turbine Building

Plant building that house turbine-generators,
its auxiliary systems, and power conversion
systems, such as main feedwater,
condensate and other systems. Building
generally consists of several elevations,
including, basement, mezzanine, and turbine
deck.

The number of units in the site
divided by the number of turbine
buildings.

6.5.5 Step 5: Location Weighting Factors

Location weighting factors, W, only apply to multiunit sites. For single-unit sites, W,=1.0
should be used. However, if it is possible to obtain a separate equipment count for each unit

in a multiunit site, the analyst can set W =1.0 and move to the next step. Otherwise, the

location weighting factors should be evaluated per the approach provided in the third column

of Table 6-2. The location-weighting factor is used to adjust the generic fire frequencies to
account for locations and/or equipment shared among the units in multiunit sites. For example, a
Main Control Room is shared between two units of this plant. The control room includes two
main control boards (one per unit) and no other equipment. The fire ignition frequency for this
control room would then be estimated as (to simplify the example, transient fires are not

included):

7\'MCR = >\'MCB WL
where:

A

W, =20
then:

A

wes = 2.5E-03 per reactor year (bin 4 in Table 6-1)

wer = 2.9E-03 x 2 = 5.0E-03 per reactor year

In other cases, parts of a system may be shared among the units. In this case, it is recommended
that the equipment of all units be counted. For example, assume a compartment houses 3 pumps
of a system that is shared between two units (i.e., the system is shared between the units). The
analysts have concluded that there are 53 pumps in both units combined. Assuming that there
are no other ignition sources the fire ignition frequency of this compartment is estimated as
(similar to the preceding example, transient fires are not included for simplification):
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XPUMP ROOM — >\’PUMP WL WPUMP, PUMP ROOM.L — 2.5E-03 x 2 =5.0E-03 per reactor
where:

Aouwe = 2.1E-02 per reactor year (bin 21 in Table 6-1)

W, =20

WPUMP, PUMP ROOML — 3/53 =5.7E-02
then:

A

PUMP ROOM

=2.1E-02 x 2 x 5.7E-02 = 2.4E-03 per reactor year

Table 6-2 provides the method for calculating the location weighting factors for each generic
location.

6.5.6 Step 6: Fixed Fire Ignition Source Counts

To establish an ignition source weighting factor, W , per compartment, it is necessary to obtain
the total number of items per the equipment type defined in Table 6-1. If there are shared
locations or systems among units, the equipment of the entire plant should be counted in this
step. Otherwise, only the equipment of the unit being studied should be considered.

There are two principal approaches to counting equipment: visual examination (drawings and/or
walkdown), or use of an electronic database. A combination of approaches may be used to
achieve the objective of this step.

Plant walkdown and direct visual examination of equipment is the recommended approach

for this step. Experience indicates that a knowledgeable individual (i.e., one knowledgeable

in plant layout and equipment) can estimate the number of components within a reasonable
timeframe. A computerized equipment location database may be used to crosscheck the results of
a visual examination if such a database is available. Note that the safe shutdown equipment

(e.g., Appendix R of 10 CFR Part 50) database may not cover all potential fire-ignition sources
in a compartment.

Plant drawings may also be used for equipment counting. However, for some equipment,

a plant walkdown is necessary to ensure an accurate count. This particularly applies to electrical
cabinets, electrical panels, and breaker cubicles. It should be added that drawings may be the
only available information source for plant areas with high radiation level limiting the time the
analysts can remain in the area for walkdown observations.

An electronic equipment database may facilitate a precise equipment count. For example, the
electronic database may provide accurate information about the number of electrical cabinet
segments for each switchgear room. An electronic database, however, may not necessarily be
more efficient than plant walkdown. It must be noted that it is recommended that all equipment
counts, and especially electrical cabinet counts, be verified by a plant walkdown. Differences in
equipment size (e.g., among pumps, compressors, or transformers) may not be clearly indicated
in the database. Small-size components may be included in the database that the analyst may
elect to ignore in fire risk evaluation.
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In the following, a counting method is provided for each generic equipment type listed in
Table 6-1.

e Bin I — Batteries (Battery Room): Each bank of interconnected sets of batteries located in
one place (often referred to as Battery Room) should be counted as one battery set. Cells may
not be counted individually.

e Bin 2 — Reactor Coolant Pump (Containment; PWR): The reactor coolant pumps (RCPs) are
distinct devices in PWRs that vary between two and four, depending on primary loop design.

e Bin 3 — Transients and Hotwork (Containment; PWR): The ignition source weighting factor
of transient fires is estimated using a ranking scheme that takes into account maintenance
activities, occupancy level, and storage of flammable materials. See Step 7 for a description
of the approach.

e Bin4 — Main Control Board (Control Room): A control room typically consists of one or two
(depending on the number of units) main control boards as the central element of the room.
The control room may also include plant computers, other electrical cabinets containing plant
relays, and instrumentation circuits, a kitchen type area, desks, bookshelves, and etc. Aside
from the main control board, the ignition source weighting factors of the remaining ignition
sources of the control room should be based on the approach specific to each ignition source.

e Bin 5 — Cable Fires Caused by Welding and Cutting (Control/Auxiliary/Reactor Building):
Cables are present at all parts of a nuclear power plant. For this bin, it is assumed that all
exposed cables (i.e., cables that are not in conduits or wrapped by noncombustible materials)
have an equal likelihood of experiencing a fire caused by welding and cutting across the
entire location. As noted earlier the effect of cable jacket material (i.e., thermoset or
thermoplastic) on fire ignition frequency could not be established. Therefore, the ignition
frequencies presented in this report should be assigned to both cable types. To establish the
ignition source weighting factor for cables, the approach used in the FHA of the plant can be
used. The cable quantity reported in the FHA for each compartment can be used to establish
the ignition source weighting factor. In FHAs, cable quantity is often expressed in terms of
total weight or total combustible load associated with cables per compartment. The FHA
provides a rating for the amount of cables present in the compartment. However, since fire
caused by welding and cutting is the focus of this bin, the final ignition source weighting
factor is based on a combination of cable loading and transient fire rating of the
compartment. See Step 7.2, below.

e Bin 6 — Transient Fires Caused by Welding and Cutting (Control/Auxiliary/Reactor
Building): See Step 7 for the approach to establish the ignition source weighting factor
for transients.

e Bin 7 — Transients (Control/Auxiliary/Reactor Building): See Step 7 for the approach
to establish the ignition source weighting factor for transients.

e Bin 8 — Diesel Generators (Diesel Generator Room): Diesel generators are generally
well-defined items that include a set of auxiliary subsystems associated with each engine.
All diesel generators that are included in the electric power recovery model should be
counted here. In addition to the normal safety related diesel generators, this may include
the Technical Support Center diesel generators, Security diesel generators, etc. It is
recommended that each diesel generator and its subsystems be counted as one unit. The
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subsystems may include diesel generator air start compressors, air receiver, batteries and fuel
storage, and delivery system. It is recommended that the electrical cabinets for engine

and generator control that stand separate from the diesel generator be included as part

of “Plant-Wide Components - Electrical Cabinets.” Control panels that are attached to
engine may be counted as part of the engine.

e Bin 9 — Air Compressors (Plant-Wide Components): This bin covers the large air
compressors that provide plant instrument air included in the Internal Events PRA Model.
These compressors are generally well-defined devices. They may include an air receiver, air
dryer, and control panel attached to the compressor. These items should be considered part of
the air compressor. If portable compressors are part of the model, those compressors should
also be included in the equipment count for this bin. Note that compressors associated with
the ventilation systems are not part of this bin. Small air compressors used for specialized
functions are also not part of this bin.

e Bin 10— Battery Chargers (Plant-Wide Components): These are generally well defined
items associated with DC buses. Each charger should be counted separately.

e Bin 11— Cable Fires caused by Welding and Cutting (Plant-Wide Components): See the
discussions for Bin 5. Note that for this bin, compartments that have been accounted for
Bins 5 and 31 should be excluded.

e Bin 12 — Cable Run (Plant-Wide Components): The cable loading of each compartment
should be established using the same approach as that for Bin 5, except that, in this case,
all plant compartments should be taken into account.

e Bin I3 — Dryers (Plant-Wide Components): Clothes dryers are generally well-defined units.

e Bin 14 — Electric Motors (Plant-Wide Components): The electrical motors with power rating
greater than Shp associated with various devices, not including those counted in other bins,
are included in this bin. This may include elevator motors, valve motors, etc’.

e Bin 15 — Electrical Cabinets (Plant-Wide Components): Electrical cabinets represent such
items as switchgears, motor control centers, DC distribution panels, relay cabinets, control
and switch panels (excluding panels that are part of machinery), fire protection panels, etc.
Electrical cabinets in a nuclear power plant vary significantly in size, configuration, and
voltage. Size variation range from small-wall mounted units to large walk-through vertical
control cabinets, which can be 20’ to 30’ long. The configuration can vary based on number
of components that contribute to ignition, such as relays and circuit cards, and combustible
loading, which also affects the fire frequency. Voltages in electrical cabinets vary from low
voltage (120 V) panels to 6.9 kV switchgears. Even though it is expected that these features
affect the likelihood of fire ignition, from a simple analysis of the event data involving the
electrical cabinets, it was determined that the variation by cabinet type did not warrant
separate frequency evaluation. Therefore, one fire frequency was estimated for the electrical
cabinets.

° The bin “electric motors” was referred to as “elevator motors” in previous EPRI reports related to fire-ignition
frequencies. In this version of the fire ignition frequency model, the bin not only includes elevator motors, but
other types of electric motors as well.
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The following rules should be used for counting electrical cabinets:

— Simple wall-mounted panels housing less than four switches may be excluded from the
counting process,

— Well-sealed electrical cabinets that have robustly secured doors (and/or access panels)
and that house only circuits below 440V should be excluded from the counting process,

— Free-standing electrical cabinets should be counted by their vertical segments, and

— To expedite the process, an average number of vertical segments may be used for such
cabinets as motor control centers and DC distribution panels.

In this context, the term “well-sealed” means there are no open or unsealed penetrations, there
are no ventilation openings, and potential warping of the sides/walls of the panel would not open
gaps that might allow an internal fire to escape. “Robustly secured” means that any doors and/or
access panels are all fully and mechanically secured and will not create openings or gaps due to
warping during an internal fire. For example, a panel constructed of sheet metal sides “tack-
welded” to a metal frame would not be considered well-sealed because internal heating would
warp the side panels allowing fire to escape through the resulting gaps between weld points. A
panel with a simple twist-handle latch mechanism would not be considered robustly secured
because the twist handle would not prevent warping of the door under fire conditions. In
contrast, a water-tight panel whose door/access panel is bolted in place or secured by mechanical
bolt-on clamps around its perimeter would be considered both well-sealed and robustly secured.
Also note that panels that house circuit voltages of 440V or greater are counted because an
arcing fault could compromise panel integrity (an arcing fault could burn through the panel sides,
but this should not be confused with the high energy arcing fault type fires).

e Bin 16 — High-Energy Arcing Faults (Plant-Wide Components): High-energy arcing faults
are associated with switchgear and load centers. Switchyard transformers and isolation phase
buses are not part of this bin. For this bin, similar to electrical cabinets, the vertical segments
of the switchgear and load centers should be counted. Additionally, to cover potential
explosive failure of oil filled transformers (those transformers that are associated with 4.16 or
6.9kV switchgear and lower voltage load centers) may be included in vertical segment counts
of the switchgear.

e Bin 17 — Hydrogen Tanks (Plant-Wide Components): Hydrogen storage tanks are generally
well-defined items. Multitank hydrogen trailers, because they are interconnected, should be
counted as one unit.

e Bin I8 — Junction Box (Plant-Wide Components): The number of junction boxes in an area
may be difficult to determine. The frequency can be apportioned based on ratio of cable in
the area to the total cable in the plant. Therefore, the ignition source-weighting factor of the
cables may be used for this bin, as well.

e Bin 19 — Miscellaneous Hydrogen Fires (Plant-Wide Components): This bin includes
hydrogen fires in miscellaneous systems other than hydrogen cylinder storage, generator
cooling, and battery rooms. It is not necessary to count the ignition sources related to this bin.
If it becomes necessary to establish an ignition frequency associated with the components of
this bin for a specific compartment or a pipe segment, the approach recommended below in
Step 7 for large systems may be used.
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e Bin 20 — Off-Gas/H2 Recombiner; BWRs (Plant-Wide Components): Generally there are at
least two recombiner systems per BWR. Each recombiner system should be counted as one
unit. If there are risk significant cables and components located close to a recombiner, in
Task 11, the ignition frequency of a fire involving the recombiner can be estimated by
assuming equal probability of fire ignition across the length of the recombiner system.

e Bin 21 — Pumps (Plant-Wide Components) and large hydraulic valves: For this methodology,
it is assumed that above a certain size, fire ignition is the same for all pumps. Pumps below
5 hp are assumed to have little or no significant contribution to risk. Do not count small
sampling pumps. The number of pumps in all plant locations defined as “Plant-Wide”
should be estimated.

Due to a lack of sufficient statistical data, a separate bin was not defined for large valves
that include hydraulic fluid powered mechanisms. It is recommended such valves (e.g. Main
Steam Isolation Valves, and Turbine Stop Valves) be counted and included in the pump bin.

e Bin 22 — RPS MG sets (Plant-Wide Components): In PWRs, the RPS MG sets are well-
defined devices. The electrical cabinets associated with the MG sets are not included
as part of these items.

e Bin 23 — Transformers (Plant-Wide Components): All indoor transformers that are not an
integral part of larger components are included in this count. Control power transformers and
other small transformers, which are subcomponents in electrical equipment, should be
ignored. They are assumed to be an integral part of the larger component. Examples of
transformers accounted for in this bin include 4160/480 transformers attached to AC load
centers, low-voltage regulators, and essential service lighting transformers. The large yard
transformers are not part of this count. The analyst should develop a criterion for identifying
those transformers that will be counted as part of this bin and those that will be ignored as
insignificant fire frequency contributors. Clearly, if the criterion leads to the inclusion of a
large number of transformers, the frequency per transformer will be small. Conversely, if the
criteria screens too many transformers, the fire frequency of some fire compartments may be
under-estimated. As final notes, the analyst should count wall-mounted transformers if they
do satisfy other counting criteria and should not count small lighting transformers.

e Bin 24 — Transient Fires caused by Welding and Cutting (Plant-Wide Components):
See Step 7 for the approach to establish ignition source weighting factors for transients.

e Bin 25 — Transients (Plant-Wide Components): See Step 7 for the approach to establish the
ignition source weighting factor for transients.

e Bin 26 — Ventilation Subsystems (Plant-Wide Components): This category includes
components such as air conditioning units, chillers, fan motors, air filters, dampers, etc.
A fan motor and compressor housed in the same component are counted as one component.
Do not count ventilation fans if the drive motor is 5 hp or less.

e Bin 27 — Yard Transformer — Catastrophic: The high-voltage power transformers typically
installed in the yard belong to this bin. They include plant output power transformers,
auxiliary-shutdown transformers, and startup transformers, etc. Isolation phase bus ducts
are also included in this bin to simplify fire frequency analysis.

A catastrophic failure of a large transformer is defined as an energetic failure of the
transformer that includes a rupture of transformer tank, oil spill and burning oil splattered
a distance from the transformer. In this case the analyst should use the frequency and:
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1) determine availability of offsite power based on the function of the transformer(s), and

2) consider propagation to adjacent (not nearby) building or components. A propagation path
may be considered at the location of open or sealed penetrations, e.g., where a bus-duct
enters from the Yard into the Turbine Building. Structural damage need only be considered
only where appropriate shields are not present to protected structures and components against
blast or debris.

Bin 28 — Yard Transformer — Non-Catastrophic: Similar to Bin 27 this bin includes the
high-voltage power transformers typically installed in the yard. However, isolation phase
bus ducts are not included in this bin.

In a non-catastrophic transformer failure oil does not spill outside transformer tank and the
fire does not necessarily propagate beyond the fire source transformer. Analyst can use all
the frequency and assume total loss of the “Transformer/Switch Yard” or may split this
frequency equally among the large transformers of the area and assume loss of each
transformer separately. Loss of offsite power should be determined based on the function
of the affected transformer(s).

Bin 29 — Transformer Yard, Others: Items associated with yard transformers but not the
transformers themselves (e.g., oil power output cables) are part of this bin. In the screening
phase of the project, the analyst may conservatively assign the same frequency to all the
items in this group. If the scenario would not screen out, the frequency may then be divided
among the various items in this group. A relative ranking scheme may be used for this
purpose. The ranking may be based on the relative characteristics of the items and analysts’
judgment.

Bin 30— Boiler (Turbine Building): Boilers are generally well-defined items. All ancillary
items associated with each boiler may be included as part of the boiler. Control panels that
are installed separate from a boiler may be included in the “Electrical Cabinets (Plant-Wide
Components)” bin.

Bin 31 — Cable Fires caused by Welding and Cutting (Turbine Building): See the discussion
for Bin 5.

Bin 32 — Main Feedwater Pumps (Turbine Building): Main feedwater pumps are generally
well-defined entities. If there are ancillary components associated with each pump, it is
recommended to include those items as part of the pump.

Bin 33 — T/G Excitor (Turbine Building): The turbine generator excitor is a well-defined
item. Generally, there is only one excitor per unit.

Bin 34 — T/G Hydrogen (Turbine Building): A complex of piping, valves, heat exchangers,
oil separators, and often skid-mounted devices are associated with turbine generator
hydrogen. Consider the entire complex as one system and assign the ignition frequency of
this bin to that system. It is important to have a clear definition of system boundaries to
ensure that, between this bin and Bin 19, all hydrogen-carrying items of the plant are
properly accounted for. Similar to Bin 29, in the screening phase of the project, the analyst
may conservatively assign the same frequency to all the items in this bin. If the scenario
would not screen out, the frequency may then be divided among the various items using a
relative ranking scheme. The ranking may be based on the relative characteristics of the
items and the analysts’ judgment.
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e Bin 35— T/G Oil (Turbine Building): Similar to hydrogen, a complex of oil storage tanks,
pumps, heat exchangers, valves, and control devices belong to this bin. It is recommended to
treat the entire complex as one system and assign the ignition frequency of this bin to that
system. Similar to the preceding bin and Bin 29, in the screening phase of the project, the
analyst may conservatively assign the same frequency to all the items in this bin. If the
scenario would not screen out, the frequency may then be divided among the various items
using a relative ranking scheme. The ranking may be based on the relative characteristics of
the items and analysts’ judgment.

e Bin 36 — Transient Fires caused by Welding and Cutting (Turbine Building): See Step 7 for
the approach to establish the ignition source weighting factor for transients.

e Bin 37 — Transients (Turbine Building): See Step 7 for the approach to establish the ignition
source weighting factor for transients.

It must be added that the procedures described in Tasks 8 and 11 are focused on ignition sources.
In Task 8, ignition sources of each compartment are screened based on their potential fire
damage to surrounding items and in Task 11 fire scenarios are defined based on ignition sources.
Therefore, it is very important that when identifying and counting ignition sources in this step, a
list of ignition sources be developed for each compartment to facilitate the efforts in Tasks 8

and 11.

6.5.7 Step 7: Ignition Source Weighting Factors

Ignition source weighting factor, W, is the fraction of ignition source (IS) that is present in
compartment J. The W ¢, are evaluated for all the compartments identified in Task 1 and for all
ignition sources identified in Step 1 of this task. The bins listed in the preceding section can be
classified in three categories: countable items, transients, and large systems. A separate
procedure is presented below for each type.

6.5.7.1 Countable Items

The ignition source weighting factor, W, for countable items is calculated by dividing the
number of each IS in compartment J by the total number in the generic locations obtained in
Step 6. For example, if there are two pumps in the AFW pump room and there are 50 pumps
counted for Bin 21 in Step 6, the ignition source weighting factor for the pumps in this room
would be 2/50 = 0.04. Note that W, for ignition sources grouped in the “Plant-Wide
Components” bin will need the total equipment count for the plant.

6.5.7.2 Transients

A relative ranking scheme is described here for estimating the ignition source weighting factors
for ignition frequency bins involving transient combustibles or activities. This scheme applies to
all transient fire related bins defined in Table 6-1; that is Bins 3, 5, 6, 7, 11, 24, 25, 31, 36 and
37. Note that a separate relative ranking analysis should be conducted for each bin. Occupancy
level, storage of flammable materials, and type and frequency of maintenance activities in a
compartment are the three most important influencing factors of the likelihood of fire ignition
involving a transient combustible or activity.
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It is assumed that transient fires may occur at all areas of a plant unless precluded by design
and/or operation, such as inside a BWR drywell or torus during power operation. Administrative
controls significantly impact the characteristics and likelihood of transient fires, but they do not
preclude their occurrence, since there is industry evidence of failure to follow administrative
control procedures.

Some areas of the plant, such as office areas (computers, cubicles, etc) and chemistry labs may
have safe-shutdown cables. The fire frequency for these areas may be underestimated if the
analysis consists mainly of counting plant components like electrical cabinets, pumps, etc.,
because these rooms do not contain plant-type sources. High-transient fire “influence factors”
may be assigned to these areas in order to properly capture the fire risk.

The three influencing factors are described below:

1. Maintenance — The frequency and the nature of maintenance activities (preventive and/or
corrective) in a compartment can impact the likelihood and characteristics of transient fires.
This depends on the type of equipment in the compartment, maintenance and hot work
procedures, and housekeeping practices. The number of work orders issued during power
operation for different compartments of the plant during a specific time period can be used to
establish the relative ranking associated with maintenance activities. The analyst should use
engineering judgment to determine the maintenance factor of compartments with no work
orders in the selected period of time. The judgment can be based on the characteristics of the
compartment relative to compartments with work orders. If the work orders cannot be
collected easily, the analyst may use engineering judgment based on personal experience or
information gathered from the maintenance personnel of the plant. In this case, the analyst
may ask the maintenance personnel to rate assign a rating number between 0 and 10 in terms
of frequency of maintenance at a compartment and offer the two or three most typical
maintenance activities (e.g., welding, pump overhaul, and electrical device replacement).

A “0” rating can only be assigned to those compartments where no maintenance is possible
or allowed during power operation.

2. Occupancy — Occupancy level, which includes traffic, of a compartment impacts both the
likelihood of transient combustibles (within the limits specified by plant housekeeping
program) present in the compartment and the likelihood of ignition. Engineering judgment
may be used to determine the occupancy factor.

3. Storage — Temporary or permanent storage of combustible/flammable materials in racks,
cabinets, and other forms can impact the frequency and characteristics of transient fires
initiated in compartments where such storage racks/cabinets are placed. The amount, type,
and frequency of the use of material maintained in these storage containers should be taken
into account. Engineering judgment augmented with plant walkdowns may be used to
determine the storage factor.
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Assigning a rating level to each of the three influencing factor is an exercise in subjective
judgment reflecting plant-specific layout and practices. It is recommended to use the following
five rating levels.

1.

No (0) — Can be used only for those compartments where transients are precluded by design.

2. Low (1) — Reflects minimal level of the factor.

3. Medium (3) — Reflects average level of the factor.

4.

5. Very high (50) — Reflects the significantly higher-than-average level of the factor

High (10) — Reflects the higher-than-average level of the factor.

(only for “maintenance” influencing factor).

Table 6-3 provides a brief description of these levels for each influencing factor. The following
additional comments are noted.

The influencing factor for maintenance should be based on the frequency and type of
activities. The information obtained from work order counts or maintenance staff should
be translated to the five levels defined here.

If maintenance activity of a compartment includes liquid combustible/flammable material
(e.g., diesel fuel, lubricating oil), the compartment should be rated as “high.” This exercise
should consider all compartments affected by the maintenance activity. For example, if lube
oil is staged in the turbine building for diesel generator oil change, both the turbine building
and diesel generator room are considered affected by this maintenance activity.

A low rating should be assigned to those compartments where administrative procedures
prohibit welding and cutting during power operation.

Areas requiring dosimetry may be assigned a low occupancy level, unless personnel needs
walk through these areas to access other areas of the plant.

Since the different transient fire bins address different plant locations and activities, the
influencing factors should be evaluated separately for each case. The following notes are
provided for the various bins.

For general transient fires (i.e., Bins 3, 7, 25 and 37), all three influencing factors should be
evaluated.

For transient fires caused by welding and cutting (i.e., Bins 6, 24, and 36), only the
maintenance influencing factor should be evaluated. A “low” rating can be assigned to
compartment for which administrative procedures prohibit welding and cutting during power
operation.

For cable fires caused by welding and cutting (i.e., Bins 5, 11, and 31), as in the other cases
of welding and cutting, only the maintenance influencing factor should be evaluated.
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Table 6-3
Description of Transient Fire Influencing Factors
i Very High
Influencing No (0) Low (1) Medium (3) High (10) (‘go) J
Maintenance | Maintenance | Small Average Large number | Should be
activities number of number of of (PM)/(CM) assigned to
during power | PM/CM work | PM/CM work work orders plant areas
operation are | orders orders. compared to that may
precluded by | compared to the average experience
design. the average number of significantly
number of work orders more
work orders for a typical (PM)/(CM)
for a typical compartment. | work orders
compartment. compared to
the average
number of
work orders
for a typical
compartment.
Occupancy Entrance Compartment | Compartments | Continuously | Not applicable
to the with low foot | not occupied
compartment | traffic or out continuously compartment.
is not of general occupied, but
possible traffic path. with regular
during plant foot traffic.
operation.
Storage Entrance Compartment | Compartments | Compartments | Not applicable
to the where no where all where
compartment | combustible/ | combustible/ combustible/
is not flammable flammable flammable
possible materials are | material is materials may
during plant stored. stored in closed | sometimes be
operation. containers brought in and
placed in left in either
dedicated fire- | open

safe cabinets.

containers for
a short time or
in a closed
container, but
outside a
dedicated fire-
safe cabinet
for an
extended time.

As an overall approach, the numerical rating of the factors are added for each compartment
and then normalized across all the compartments of the location. That is, the ignition source
weighting factor for transients is calculated using the sum of the influencing factors.
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For general transients (i.e., Bins 3, 7, 25, and 37), the following equation should be used to
establish the ignition source weighting factor:

WGT,J,L = (n + 1’lo,J,L + 1’ls,J,L)/NGT,L

m,J,.L

NGT.L = Z (nm,i,L + n04, iL + ns, i,L)

(summed over i, all compartments of location L).

where:
n ;. = Maintenance influence factor rating of compartment J of location L,
n,,, = Occupancy influence factor rating of compartment J of location L, and
n = Storage influence factor rating of compartment J of location L.

In the case of transient fires caused by welding and cutting (i.e., Bins 6, 24, and 36), the
following equation should be used:

W = nm,J/N wC

WC,J.L
NWC = Z nmj L

(summed over i, all the compartments of location L).

For cable fires caused by welding and cutting (i.e., Bins 5, 11, and 31), the following
equation should be used:

W, =n, W /N

CF,J Cable,J

N,=%n , W

m,i,L Cable,i
(summed over i, all compartments of location L),

where:

A\ = Cable load of compartment 1, based on the ratio of quantity of cables in

compartment i over the total quantity of cables in the location.

Cable,i

Consider a plant that has two fire compartments within a generic location in the frequency
model. The first compartment is one with a significant number of components requiring
maintenance (therefore rated high for maintenance), is not continuously occupied but has
regular foot traffic (rated medium for occupancy), and has permanent storage cabinets (rated
high for storage). This area resembles the turbine deck area of a turbine building. The second
compartment is one that has no components requiring preventive maintenance (rate low for
maintenance) or is not a staging area for maintenance activity in other parts of the plant, the
compartment does not have regular foot traffic or is not en route to other fire compartments
(rated low for occupancy). There are no storage cabinets in the compartment (rates low for
storage). Cable tunnels generally have such characteristics.
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Using the rating system described above, the normalized rating for each compartment may
be calculated as follows:

Compartment 1: Rating = 10+3+10 =23 Normalized grade = 23/(23+3) = 0.88
Compartment 2: Rating = 1+1+1 =3 Normalized grade = 3/(23+3) = 0.12

This result will generate a transient fire frequency for Compartment 1 that is nearly eight times
higher than the transient fire frequency for Compartment 2.

6.5.7.3 Large Systems

Bins 19, 20, and 35 address a complex of components within the plant that have common
characteristics. It should be noted that depending on analysts’ definition, other bins may also

fall into this category. The detailed fire analysis in Task 11 may need fire frequency estimation
based on a small portion of the complex of components from the bin. The simplest approach
would assume that there is equal likelihood across the complex of components. A geometric
factor may be used to adjust bin frequency to the specific area of the plant where the components
addressed in the bin could be risk-significant. The geometric factor refers to floor area ratio, or
the ratio of the floor area where the fire will have the same impact. In place of a geometric
factor, the analyst may count the various components of the complex and rate them by an ad-hoc
scheme that discriminates by the relative likelihood of ignition. For example, for Bin 19, it may
become necessary to estimate the ignition frequency associated with miscellaneous hydrogen
piping in a specific compartment of the Auxiliary Building. In this case the analyst may estimate
the fraction of the piping and components of this bin that are present in this specific compartment
and use that fraction to adjust bin frequency to estimate the fire ignition frequency associated
with hydrogen piping. If the hydrogen piping in this compartment is composed of only one pipe
piece with no flanges, valves, or any other items attached to it, the analyst may use an adjusting
factor smaller than the simple fraction suggested above. However, if the compartment houses a
disproportionate fraction of pressure regulators, valves, and flanges, the analyst may elect to use
an adjusting factor greater than the simple fraction.

6.5.8 Step 8: Ignition Source and Compartment Fire Frequency

The fire frequency (generic or plant-specific) for each ignition source, A, can now be calculated
using the data quantified in the preceding steps with the equation presented on page 6-2. Note
that when adding various ignition source frequencies to obtain compartment fire frequency, one
should use the mean value of the uncertainty distributions for the various parameters of the
summation. This will yield the mean value of compartment fire frequency. The uncertainty
distribution of compartment fire frequency is not necessary in the screening steps for a Fire PRA.
Propagation of the uncertainty distributions for the ignition sources is done in Task 18,
Uncertainty and Sensitivity Analysis.
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QUANTITATIVE SCREENING (TASK 7)

7.1 Purpose

This section describes the procedure for performing the following quantitative screening tasks:

e Task 7A—Quantitative Screening |

e Task 7B—Quantitative Screening II

e Task 7C—Quantitative Screening III (Optional)

e Task 7D—Quantitative Screening IV (Optional)

This procedure provides the user an approach to quantify the Fire PRA Model using the
procedure provided in Task 5, and to screen out fire compartments based on quantitative criteria.

This procedure develops the bases for the quantitative screening criteria and provides specific
methods for implementing the screening process.

7.2 Scope

This procedure addresses the following steps for each of the major quantitative screening tasks.

e Step 1-Quantify CDF Model
e Step 2—Quantify LERF Model

e Step 3—Quantitative Screening

In Tasks 7A and 7B, the Fire PRA Model is quantified at the fire compartment level. In Tasks 7C
and 7D, the Fire PRA Model is quantified at the fire scenario level. Although not recommended,
the quantitative screening can be implemented for screening fire scenarios. Therefore, Tasks 7C
and 7D are considered optional tasks in this procedure. The basis for the quantitative screening
criteria is developed and an approach for implementing the screening process is provided. To
address future use of the Fire PRA Model for risk-informed applications, quantitative screening
criteria also consider the impact of equipment unavailability.

7.3 Background Information

7.3.1 General Task Objectives and Approach

The primary objective of this task is to provide the user an approach to quantify the Fire PRA
Model developed in Task 5, and to screen out fire compartments based on quantitative screening
criteria. It is emphasized that the screening criteria are meant to be applied as part of the Fire
PRA Model building and quantifying process. The screening criteria are not the same, nor should
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they be confused with, the acceptance criteria for applications of the Fire PRA Model. For
example, the screening criteria herein are not directly correlated to the delta-CDF and delta-
LEREF criteria used in Regulatory Guide 1.174 [7.1] for the acceptability of making permanent
changes to the plant. The screening criteria are intended to complement the RG 1.174 criteria
and to allow for the use of fire PRA results in a RG 1.174 application, but they are also intended
to serve the broader objectives of a typical fire PRA.

There are at least two different PRA modeling approaches that have evolved in the PRA field.
These two models, in the evolution of PRA methodology development efforts have come to be
known as the “Fault Tree Linking Approach” and “Event Trees with Boundaries Approach”.
There are a number of different PRA software products available in the market designed around
these two approaches. The approach described in this procedure is based on standard state-of-
the-art PRA practices, and is intended to be applicable for any PRA methodology or software
product.

This procedure allows the user to quantify CDF and LERF or CCDP and CLERP. The only
difference is that the quantified values of the fire scenario frequencies are used for CDF and
LERF calculations, while the fire scenario frequencies are set to 1.0 or TRUE for CCDP and
CLEREP calculations. The screening criteria also allow for future use of the Fire PRA Model for
risk-informed applications in that the impact of equipment unavailability can be addressed
through an option to calculate Incremental Core Damage Probability (ICDP) and Incremental
Large Early Release Probability (ILERP) for components that might be routinely taken out-of-
service. Use of this option ensures that sufficient elements of the model are treated in adequate
detail to capture the risk effects of these unavailabilities for applications such as an on-line plant
configuration assessment.

Quantitative screening is primarily focused on a fire compartment level (i.e., Tasks 7A and 7B).
Quantitative screening on a fire scenario level (i.e., Tasks 7C and 7D) is presented as optional
tasks in this procedure. Quantitative screening does not imply that the logic models for the
screened out compartments are removed from the Fire PRA Model. The intent of the quantitative
screening process is to limit the scope of detailed fire modeling and/or detailed circuit analysis
by focusing on the significant fire compartments. All screened out compartments remain in the
Fire PRA Model, albeit at reduced levels of analysis detail.

The quantitative screening criteria were developed with the intent of ensuring that the cumulative
risk contributions (i.e., CDF and LERF) from the screened out fire compartments are small.
Another goal of the quantitative screening criteria is to ensure that the cumulative incremental
risk (i.e., ICDP and ILERP) from screened out compartments, when combined with equipment
unavailability, is less than industry limits. For this reason, the procedure addresses quantitative
risk screening criteria for CDF, LERF, ICDP (optional), and ILERP (optional). The criteria for
ICDP and ILERP are optional measures that can be applied by users who choose to integrate

the Fire PRA Model with risk-monitoring models. This approach is different from earlier fire
compartment screening criteria, where the goal was to identify CDF risk vulnerabilities using

a generic fixed compartment CDF screening criteria. This procedure addresses both single
compartment risk screening criteria and cumulative compartment risk screening criteria (i.e., the
sum of the risk contributions of all screened out compartments). The CDF/LERF cumulative
compartment risk criteria are based on limiting the cumulative risk of screened out compartments
to less than 10% of the total internal events risk (i.e., from the Internal Events PRA). The single
compartment risk criteria (1.0E-07/year for CDF and 1.0E-08/year for LERF) are set at values
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that are high enough to allow some screening, but sufficiently low that all risk-significant
compartments should be retained and adequately analyzed in detail as part of the final
quantification process. The single compartment risk criteria are adjusted downward, if necessary,
to ensure that the cumulative compartment incremental risk criteria are met.

The ICDP/ILERP cumulative compartment incremental risk criteria are based on limiting the
cumulative incremental probability of screened out compartments to less than 1.0E-06 for ICDP
and to less than 1.0E-07 for ILERP. The single compartment incremental risk criteria start with
an initial criterion based on limiting the single compartment incremental probability to less than
1.0E-07 for ICDP and to less than 1.0E-08 for ILERP. The single compartment risk criteria are
adjusted downward, if necessary, to ensure that the cumulative compartment incremental risk
criteria are met.

The quantitative screening criteria described in this procedure are intended to be minimum
standards for focusing the detailed analyses on significant compartments while ensuring that the
risk contribution of screened out compartments is minimal (thereby justifying their screening).
While this quantitative screening procedure should be acceptable for most applications of the
Fire PRA Model, users of this procedure may decide to impose more restrictive criteria to
support other unique applications, such as on-line risk monitoring. For example, the user may
decide to bypass the ICDP/ILERP screening process by reducing the CDF/LERF screening
process. However, the user should confirm that the CDF/LEREF screening criteria are sufficiently
low to ensure that the cumulative incremental risk of screened out compartments is less than
industry limits. The bases for the quantitative screening criteria are provided in Appendix D.

7.3.2 Assumptions

This procedure assumes that the user is familiar with the PRA methodology and software
employed at the nuclear power plant facility. The user should also be familiar with the
procedures for quantifying the PRA model.

7.4 Task Interfaces

7.4.1 Input From Other Tasks

Task 7A (Quantitative Screening I) uses input from Task 6, Fire Ignition Frequencies,

Task 5, Fire-Induced Risk Model, and Task 12, Post-Fire HRA—the Screening portion. Task 7B
(Quantitative Screening II) uses input from Task 8, Scoping Fire Modeling including any effects
to the inputs used in Task 7A. Optional Tasks 7C and 7D use input from Task 9, Detailed Circuit
Failure Analysis, Task 10, Circuit Failure Mode Likelihood Analysis and Task 11, Detailed Fire
Modeling, including any effects to the inputs used in prior screening steps.

7.4.2 Additional Plant Information Needed to Support this Task

The Internal Events PRA model for the nuclear power plant facility is needed to support this
task. The user should also have access to the software tools needed to quantify the PRA model.
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7.4.3 Walkdowns

No walkdown is needed to support this task.

7.4.4 Outputs to Other Tasks

Unscreened fire compartments from Task 7A are input to Task 8, Scoping Fire Modeling.
Unscreened fire compartments from Task 7B are used in performing Task 11, Detailed Fire
Modeling and Task 12, Post-Fire HRA, the detailed analysis portion. Additionally, the insights
from Task 7B, and in particular any limitations on the allowance of manual action credit within
the analyses conducted in Task 9, are communicated to those analysts performing Task 9,
Detailed Circuit Failure Analysis. Optional Tasks 7C and 7D are performed in parallel with
detailed fire scenario analysis, and unscreened fire scenarios are input to Task 14, Fire Risk
Quantification.

7.5 Procedure

The section describes the detailed procedure for performing the quantitative screening tasks
(Tasks 7A-D) and preparing the Quantitative Screening Calculation Package. With the exception
of the inputs and outputs, the implementation of the quantitative screening procedure is the
same for all quantitative screening tasks. Table 7-1 summarizes inputs and outputs for each
quantitative screening task. Since the steps for each of the quantitative screening tasks are
essentially the same, this procedure is written in a generic fashion, with the differences
delineated in Table 7-1. With the exception of Task 7A, an updated version of the Fire PRA
Model developed using the Task 5 procedure, the updated HRA values provided in Task 12
(including any insights from the HRA dependency analysis), and/or an updated version of the
fire scenario frequencies developed in Task 6, are used to quantify CDFs and LERFs for each
fire compartment. The Task 5 procedure provides methods for implementing temporary or
permanent changes to the Internal Events PRA logic models to calculate fire-induced
CDF/CCDP and LERF/CLERP for each compartment. The compartment fire scenario
frequencies provided in Task 6 are combined with the appropriate compartment CCDP

and CLERP values to quantify compartment CDF and LERF values.

Alternatively, the compartment fire scenario frequencies provided in Task 6 and the
initial/updated HRA values provided in Task 12 (including any insights from the HRA
dependency analysis) may be immediately incorporated into the Fire PRA Model developed
using Task 7. For this option, compartment CDF and LERF values may be calculated directly.
Calculation of fire-induced CCDP and CLERP for each compartment will not be necessary.

It is noted that in concert with Task 5 and when setting fire-affected components to 1.0 or
TRUE in the model during these screening evaluations, mutually exclusive failure modes are not
necessarily handled at this stage of the analysis. For instance, a bus breaker spuriously opening
as a failure mode may cause a loss of offsite power. The same breaker failing to trip (open)
when necessary could cause subsequent failure of the emergency diesel generator to connect to
the bus. Both failures cannot happen at the same time; yet if both failure modes are set to

1.0 or TRUE for the appropriate events in the model, the resulting quantified results will be
conservative. Effectively, both failure modes are assumed to occur concurrently which, while
logically impossible, is an acceptable simplification for the purposes of these early screening
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steps. Such logical inconsistencies should be resolved as the screening evolves and becomes
more sophisticated such as during Task 7B or beyond. During this process, the analyst may
choose to be more discriminating so that only the appropriate failure modes and modeled events
are affected by the fire of concern.

Table 7-1
Quantitative Screening—Summary of Inputs and Outputs
Task Inputs Outputs
Task 7A—-Quantitative 1.Initial Fire PRA Model developed using Task 5. | See list of outputs
Screening | At this stage of the quantitative screening below

process, all fire-induced failures are assumed to
be in a failed state.

2.The compartment fire scenario frequencies
provided from Task 6.

3.Screening HRA values from Task 12, as
available, including any insights from the
HRA dependency analysis.

Task 7B—Quantitative
Screening Il

1.Insights from Task 8 (Scoping Fire Modeling)
are incorporated into the Fire PRA Model using
Task 5.

2.Updates, if appropriate, to the fire scenario
frequencies developed in Task 6 and used in
Task 7A, should Task 8 insights affect the
frequencies.

3.Revisions to the HRA values from Task 12
used in Task 7A, if/as appropriate, including any
insights from the HRA dependency analysis, as
a result of Task 8 insights affecting the HRA
screening values.

See list of outputs

below

Task 7C—Quantitative
Screening Il (Optional)

1.Insights from Task 9 (Detailed Circuit Failure
Analysis) and Task 11 (Detailed Fire Modeling)
are incorporated into the Fire PRA Model using
Task 5.

2.Updates, if appropriate, to the fire scenario
frequencies developed in Task 6 and used in
prior screening steps, should Task 11 insights
affect the frequencies.

3.Revisions to the HRA values from Task 12
used in prior screening steps, if/as appropriate,
including any insights from the HRA
dependency analysis, as a result of Task 9 or
Task 11 insights affecting the HRA screening
values (or subsequent detailed HRA values).

See list of outputs

below

Task 7D—Quantitative

1.Insights from Task 10 (Circuit Failure Mode

See list of outputs

Screening IV Likelihood Analysis) are incorporated into below
the Fire PRA Model using Task 5 and as refined
in the prior screening steps.
Outputs

1) List of failed equipment for each fire compartment.
2) Model logic changes and/or temporary settings for fire each compartment. This includes a description of how HRA events
were incorporated into the model and how surrogate events were used.

Calculated CDF, LERF, ICDP, and ILERP results (including cutsets) for each compartment, including truncation values.
List of screened out compartments, including basis for exclusion.
Documentation of technical approach, assumptions, and conclusions, and interfaces with other tasks.
Recommendations for reducing compartment frequencies.
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7.5.1 Step 1: Quantify CDF Model

In this step, the initial/updated Fire PRA Model developed using the Task 5 procedure, the
initial/updated HRA values provided in Task 12 (including any insights from the HRA
dependency analysis), and the generic/updated fire scenario frequencies developed in Task 6 are
used to quantify CDFs for each fire compartment. The Task 5 procedure provides methods for
implementing temporary or permanent changes to the Internal Events PRA logic models to
calculate fire-induced CDF/CCDP for each compartment. The initial/updated compartment fire
scenario frequencies provided in Task 6 are combined with the appropriate compartment CCDP
values to quantify compartment CDF values.

Alternatively, the generic/updated compartment fire scenario frequencies provided in Task 6
and the initial/updated HRA values provided in Task 12 (including any insights from the HRA
dependency analysis) may be directly incorporated into the initial/updated Fire PRA Model
developed in the Task 5 procedure. For this option, compartment CDF values may be calculated
directly. Calculation of fire-induced CCDP values for each compartment will not be necessary,
and Step 1.1 can be skipped. Table 7-1 summarizes inputs and outputs for each quantitative
screening task.

7.5.1.1 Step 1.1: Quantify CCDP Model

In this step, the initial/updated Fire PRA Model developed using the Task 5 procedure

and the initial/updated HRA values provided in Task 12 (including any insights from the

HRA dependency analysis) will be used to quantify CCDP values for each fire compartment.
The Task 5 procedure provides methods for implementing temporary or permanent changes to
the Internal Events PRA logic models to calculate fire-induced CCDP for each compartment.
In order to use the model for future applications, additional CCDP calculations may be
performed to address the unavailability of one or more trains and/or systems that are unaffected
by the fire (i.e., intact train and/or systems). The selection of equipment unaffected by the fire is
plant-specific and can be determined by performing a set of sensitivity analyses to identify the
most limiting case for equipment unavailability. The truncation limits used to perform CCDP
quantification should be documented as part of this calculation package.

7.5.1.2 Step 1.2: Quantify CDFs

In this step, the generic/updated compartment fire scenario frequencies provided in Task 6 are
combined with the appropriate compartment CCDP to quantify compartment CDF values. If the
initial/updated compartment fire scenario frequencies provided in Task 6 and the initial/updated
HRA values provided in Task 12 (including any insights from the HRA dependency analysis)
were directly incorporated into the initial/updated Fire PRA Model using the Task 5 procedure,
compartment CDF values can be calculated directly. In order to use the model for future
applications, additional CDF calculations may be performed to address the unavailability of
one or more trains and/or systems that are unaffected by the fire (i.e., intact train and/or systems).
The selection of equipment unaffected by the fire is plant-specific and can be determined by
performing a set of sensitivity analyses to identify the most limiting case for equipment
unavailability. The truncation limits used to perform CDF quantification should be documented
as part of this calculation package.
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7.5.1.3 Step 1.3: Quantify ICDP Values (Optional)

In this step, the CDF values involving the unavailability of intact trains and/or systems are used
to calculate the ICDP values. The ICDP values are quantified as the product of the CDF and a
characteristic exposure time (e.g., maximum allowed outage time) associated with the most
limiting case of unavailability of equipment unaffected by the fire. For example, if a fire in a
compartment fails offsite power, the unavailability of a diesel generator may be the most limiting
case. The maximum allowed outage time for a diesel generator would be the characteristic
exposure time.

7.5.2 Step 2: Quantify LERF Model

In this step, the initial/updated Fire PRA Model developed in Task 35, the initial/updated

HRA values provided in Task 12 (including any insights from the HRA dependency analysis),
and the generic/updated fire scenario frequencies developed in Task 6 are used to quantify
LERFs for each fire compartment. The Task 5 procedure provides methods for implementing
temporary or permanent changes to the Internal Events PRA logic models to calculate fire-
induced LERF/CLERP for each compartment. The generic/updated compartment fire scenario
frequencies provided in Task 6 are combined with the appropriate compartment CLERP values
to quantify compartment LERF values.

Alternatively, the generic/updated compartment fire scenario frequencies provided in Task 6
and the initial/updated HRA values provided in Task 12 (including any insights from the HRA
dependency analysis) may be directly incorporated into the initial/updated Fire PRA Model
developed in Task 5. For this option, compartment LERF values may be calculated directly.
Calculation of fire-induced CLERP values for each compartment will not be necessary and Step
2.1 can be skipped. Table 7-1 summarizes inputs and outputs for each quantitative screening
task.

7.5.2.1 Step 2.1: Quantify CLERP Model

In this step, the initial/updated Fire PRA Model developed in Task 5 and the initial/updated
HRA values provided in Task 12 (including any insights from the HRA dependency analysis)
will be used to quantify CLERP values for each fire compartment. The Task 5 procedure
provides methods for implementing temporary or permanent changes to the Internal Events
PRA logic models to calculate fire-induced CLERP for each compartment. In order to use the
model for future applications, additional CLERP calculations may be performed to address the
unavailability of one or more trains and/or systems that are unaffected by the fire (i.e., intact
train and/or systems). The selection of equipment unaffected by the fire is plant-specific and can
be determined by performing a set of sensitivity analyses to identify the most limiting case for
equipment unavailability. The truncation limits used to perform CLERP quantification should be
documented as part of this calculation package.

7.5.2.2 Step 2.2: Quantify LERFs

In this step, the initial/updated compartment fire scenario frequencies provided in Task 6 are
combined with the appropriate compartment CLERP to quantify compartment LERF values.
If the generic/updated compartment fire scenario frequencies provided in Task 6 and the
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initial/updated HRA values provided in Task 12 (including any insights from the HRA
dependency analysis) were directly incorporated into the initial/updated Fire PRA Model
developed in Task 5, compartment LERF values can be calculated directly. In order to use the
model for future applications, additional LERF calculations may be performed to address the
unavailability of one or more trains and/or systems that are unaffected by the fire (i.e., intact
train and/or systems). The selection of equipment unaffected by the fire is plant-specific and can
be determined by performing a set of sensitivity analyses to identify the most limiting case for
equipment unavailability. The truncation limits used to perform LERF quantification should be
documented as part of this calculation package.

7.5.2.3 Step 2.3: Quantify ILERP Values (Optional)

In this step, the LERF values that involve the unavailability of intact trains and/or systems are
used to calculate the ILERP values. The ILERP values are quantified as the product of the LERF
and a characteristic exposure time (e.g., maximum allowed outage time) associated with the most
limiting case of unavailability of equipment unaffected by the fire. For example, if a fire in a
compartment fails offsite power, the unavailability of a diesel generator may be the most limiting
case. The maximum allowed outage time for a diesel generator would be the characteristic
exposure time.

7.5.3 Step 3: Quantitative Screening

In this step, quantified compartment CDF, LERF, ICDP (optional), and ILERP (optional)
values are compared against the quantitative screening criteria provided in Tables 7-2 and 7-3.
As stated earlier in Section 7.3.1, these screening criteria are meant to be applied as part of the
Fire PRA Model building and quantifying process. The screening criteria are not the same, nor
should they be confused with, the acceptance criteria for applications of the Fire PRA Model.
Compartments that fall below all the criteria in Tables 7-2 and 7-3 are marked as screened out
in the Fire PRA Database. The CDF, LERF, ICDP (optional), and ILERP (optional) criteria in
Table 7-2 should be reduced, as necessary, to meet the criteria in Table 7-3. A list of screened
out compartments, with the basis for exclusion, should be documented as part of this calculation
package. In any case, screening decisions should always be in the conservative direction.

See Appendix D for bases for the quantitative screening criteria. The risk contribution for the
screened out compartments can be neglected in subsequent screening steps and in the final fire
risk quantification (i.e., the screened out and potentially conservative compartment CDFs/LERFs
are not summed in with the remaining compartment CDFs/LERFs that are more detailed

and hence more realistic estimated values). However, the logic models for the screened out
compartments remain intact and the risk contribution for the screened out compartments can

be restored by setting the frequencies back to nominal values. As a minimum, the sum of the
screened out compartment CDFs and LERFs should be separately quantified in Task 14 and
reported as part of Task 16 so that users/reviewers of the Fire PRA are aware of the potential
residual risks from these screened out compartments.
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Table 7-2
Quantitative Screening Criteria for Single Fire Compartment Analysis

CDF and LERF Compartment ICDP and ILERP Compartment

Quantification Type Screening Criteria Screening Criteria (Optional)

Fire Compartment CDF < 1.0E-07/year

CDF .
Note: This criterion should be
reduced, as necessary, to ensure
that the CDF criterion in Table 7-3
is met.
Fire Compartment ICDP < 1.0E-7
CDF with Intact .
Trains/Systems Note: This criterion should be
Unavailable reduced, as necessary, to ensure
that the ICDP criterion in Table 7-3
is met
Fire Compartment LERF < 1.0E-08/year
LERF o
Note: This criterion should be
reduced, as necessary, to ensure
that the LERF criterion in Table 7-3
is met
Fire Compartment ILERP < 1.0E-8

LERF with Intact

Trains/Systems Note: This criterion should be

reduced, as necessary, to ensure

Unavailable ooaly, t
that the ILERP criterion in Table 7-
3 is met
Table 7-3
Quantitative Screening Criteria for All Screened Fire Compartments
Quantification Type Screening Criteria
Sum of CDFs for all screened out fire compartments. < 0.1 * [Internal Event Average CDF]

Sum of LERFs for all screened out fire compartments < 0.1 * [Internal Event Average LERF]

Sum of ICDPs for all screened out fire compartments < 1.0E-06

Sum of ILERPs for all screened out fire compartments | < 1.0E-07

7.6 References
7.1 An Approach for Using Probabilistic Risk Assessment In Risk-Informed Decisions on

Plant-Specific Changes to the Licensing Basis, U.S. NRC, Regulatory Guide 1.174,
Revision 1, November 2002.
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SCOPING FIRE MODELING (TASK 8)

Scoping fire modeling is the first task in the Fire PRA framework where fire modeling tools are
used to identify ignition sources that may impact the fire risk of the plant. Screening some of the
ignition sources in the room, along with the application of severity factors to the unscreened
ones, may reduce the compartment fire frequency previously calculated in Task 6.

8.1 Purpose

This task has two main objectives:

e To screen out those fixed ignition sources that do not pose a threat to the targets within a
specific fire compartment, and

e To assign severity factors to unscreened fixed ignition sources.

It must be noted that only those ignition sources should be considered in this task that were
included in establishing the fire ignition frequency in Task 6. All other potential ignition sources
that were screened out in Task 6 should neither be addressed in this task. With this task, the level
of effort for detailed fire propagation analysis may be reduced. Furthermore, applying severity
factors may reduce the compartment frequency calculated in Task 6, resulting in some
compartments being screened before detail fire modeling studies are conducted.

8.2 Scope

This procedure contains instructions for identifying and screening fixed ignition sources. The
procedure also provides some general notes on how to assign severity factor values for ignition
sources included in the generic fire frequency model.

The procedure recommends two work forms: (1) the walkdown screening form, and (2) the zone
of influence (ZOI) form. The walkdown screening form should be filled during the walkdown.
It compiles information about the ignition sources relative to nearby equipment. The ZOI form
specifies a zone of influence for ignition sources in a specific compartment.

The focus of this task is twofold.

1. Refine the information about fixed ignition sources. The direct fire effects on fire PRA
components or circuits are not addressed. The basic assumption about loss of all fire PRA
components (including cables) present in the fire compartment is still maintained in this task.
That is, no equipment in the fire PRA component list is screened. Therefore, the location and
specific characteristics of the cables carrying fire PRA component-related circuits are not
needed for performing this task.

2. Application of severity factors to each ignition source. After applying the severity factor,
the compartment fire frequencies calculated in Task 6 are reevaluated.
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8.3 Background Information

8.3.1 General Task Objectives and Approach

This task is the first attempt at identifying fire scenarios in terms of ignition sources and
propagation patterns. In the first quantitative screening task, the CDF for each compartment is
calculated assuming that all the targets within the compartment would fail due to fire-generated
conditions. In this task, the possibility of the fixed ignition sources causing the postulated
damage is examined. Those that cannot cause target damage are screened out from further
analysis. For the purpose of this task, a target can be considered:

1. The closest equipment (including cabinets and cables trays) to the fixed ignition source
if no specific knowledge about target location in the compartment is currently available; or

2. Known fire PRA components (targets of interest to the analysis) in the compartment, if the
specific target locations are known.

A set of conservative fire modeling calculations are performed for predicting fire conditions
near a target in order to assess if target damage or ignition can occur. The analyst can then be
confident that an ignition source can be screened out if no relevant targets receive thermal
damage. Ignition sources that are part of the fire PRA components cannot be screened. For the
ignition sources that do not screen out, the severity level of the fire needed to cause damage is
established and the corresponding severity factor is estimated. The severity factor is used to
adjust the fire frequencies for a second round of quantitative screening. Technical details on the
determination of severity factors are provided in Appendix E.

In general terms, the direct impact of a fire on a target can be described with the following five
mechanisms:

Engulfed in flames,
Within fire plume,
Within the ceiling jet,

Within the smoke layer, or

ARSI

Within the flame irradiation zone.

Flame temperatures in typical enclosure fires are expected to be between 800°C and 1200°C.
These temperatures are above piloted ignition temperatures for many combustibles, including
cables. The time for ignition of solid combustibles in contact with flames will depend on its
thermophysical properties and the heat flux generated at the flames. Any additional passive fire
protection feature, such as barriers, shields, or retardant substances, can also affect the damage
or ignition time.

A fire plume is a buoyant stream of hot gases rising above a localized area undergoing
combustion into surrounding space of essentially uncontaminated air. Therefore, depending on
the fire intensity and elevation of the equipment above it, targets located within this region are
subjected to a distinct and relatively high level of thermal hazard.
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The ceiling jet refers to the relatively rapid gas flows in a shallow layer beneath the ceiling
surface that is driven by buoyancy of hot combustion products. Ceiling jets form when a fire
plume impinges under a ceiling and hot gasses spread away. Temperatures in the ceiling jet are
expected to be lower than in the fire plume. Still, as in the case of the plume, targets located
within the ceiling jet are subjected to a distinct thermal hazard. Notice, however, that ceiling jet
applications in nuclear power plants are limited due to the generally large number of cables,
conduits, pipes, and structural members interfering with ceiling jet flows.

A smoke layer usually forms below the ceiling jet. Depending on the fire intensity, the smoke
layer temperature may reach damage or ignition temperatures of many materials. The fire plume
transports the heat and smoke generated in the combustion process into the smoke layer, which is
affected by the air injected into or extracted from the compartment. The smoke layer temperature
is usually lower than the ceiling jet temperature due to air entrainment.

Finally, diffusion flames usually irradiate heat to the surroundings. This irradiation is mainly
emanated from the soot particles inside the flame. The intensity of this impinging heat flux
decreases with distance. Therefore, there is a critical region near a flame where a target would
be adversely affected by incident heat flux.

Table 8-1 recommends ZOIs and severity factors calculation methods for the ignition source bins
in the frequency model. Note that the severity factor for all the frequency bins are not calculated
based on fire modeling.

The type of exposure will depend on the location of the target with respect to the fire. Clearly,
during the course of a fire event, a target may be exposed to more than one of the conditions
listed above. However, for the purpose of this task, a target is assumed to be subjected to only
one type of exposure with constant flammability and thermophysical characteristics. The fire
70l is defined using fire models to determine the regions where fire conditions will cause target
damage. Technical details on the determination of the ZOI are provided in Appendix F.

Note that transient combustibles are not screened in this task. This is because the characterization
of transient fire sources, i.e., fire size, type, duration, and location, necessitate plant-specific
considerations that demand level of effort beyond that anticipated for this task. Analysis of the
impact of transient combustibles is discussed in Task 11, Detailed Fire Modeling, in order to
avoid postulating them in rooms that may be screened in earlier tasks.

An important part of this task is a plant walkdown to ensure that the specific conditions of each
fire compartment are obtained and included in the analysis. During the walkdown, the analysts
may attempt to screen out some of the ignition sources based on clear indications that no targets
could be damaged. If such qualitative screening is attempted, the analysts may need to adhere to
the following:
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Table 8-1
Zone of Influence and Severity Factor Recommendations
Recommended Method or
ags . g . - . 1
ID Location Ignition Source Ignition Source Screening Probability Dlstr_lbutlon
Approach for Calculating
Severity Factor

1 Battery Room Batteries Calculate ZOlI using Figure F-2 Electric motors
2 Containment (PWR) Reactor coolant pump Do not screen in Task 8 Assume 1.0
3 Containment (PWR) Transients and hotwork Do not screen in Task 8 Assume 1.0
4 Control Room Electrical cabinets Calculate ZOl using Figure F-2 Applicable electrical cabinet
5 Control/Auxiliary/Reactor Cabile fires caused by welding and Do not screen in Task 8 Assume 1.0

Building cutting
6 Control/Auxiliary/Reactor Transient fires caused by welding and Do not screen in Task 8 Assume 1.0

Building cutting
7 Control/Auxiliary/Reactor Transients Do not screen in Task 8 Assume 1.0

Building
8 Diesel Generator Room Diesel generators Do not screen in Task 8 Assume 1.0
9 Plant-Wide Components Air compressors Do not screen in Task 8 Assume 1.0
10 Plant-Wide Components Battery chargers Calculate ZOl using Figure F-2 Electrical cabinets
11 Plant-Wide Components Cabile fires caused by welding and Do not screen in Task 8 Assume 1.0

cutting

12 Plant-Wide Components Cable run (self-ignited cable fires) Do not screen in Task 8 Assume 1.0
13 | Plant-Wide Components Dryers Calculate ZOl using Figure F-2 Transients
14 Plant-Wide Components Electric motors Calculate ZOI using Figure F-2 Electric motors

1. Appendix E provides technical details for calculating severity factors.



Table 8-1

Zone of Influence and Severity Factor Recommendations (Continued)

Scoping Fire Modeling (Task 8)

Ignition Source Screening

Recommended Method
or Probability

ID Location Ignition Source Approach Distributio_n1 for
Calculating

Severity Factor

15 Plant-Wide Components Electrical cabinets Calculate ZOl using Figure F-2 Electrical cabinets

16 Plant-Wide Components High-energy arcing faults Do not screen in Task 8 Assume 1.0

17 | Plant-Wide Components Hydrogen tanks Do not screen in Task 8 Assume 1.0

18 | Plant-Wide Components Junction box Calculate ZOI using Figure F-2 Electric motors

19 Plant-Wide Components Miscellaneous hydrogen fires Do not screen in Task 8 Assume 1.0

20 Plant-Wide Components Off-gas/H, recombiner (BWR) Do not screen in Task 8 Assume 1.0

21 Plant-Wide Components Pumps Do not screen in Task 8 Assume 1.0

22 Plant-Wide Components RPS MG sets Calculate ZOl using Figure F-2 Electric motors

23a | Plant-Wide Components Transformers (oil filled) Do not screen in Task 8 Assume 1.0

23b | Plant-Wide Components Transformers (dry) Calculate ZOl using Figure F-2 Electric motors

24 | Plant-Wide Components Transient fires caused by welding and cutting | Do not screen in Task 8 Assume 1.0

25 Plant-Wide Components Transients Do not screen in Task 8 Assume 1.0

26 | Plant-Wide Components Ventilation subsystems Calculate ZOl using Figure F-2 Assume 1.0

27 Transformer Yard Transformer - catastrophic Do not screen in Task 8 Assume 1.0

28 | Transformer Yard Transformer - noncatastrophic Do not screen in Task 8 Assume 1.0

29 | Transformer Yard Yard transformers (Others) Do not screen in Task 8 Assume 1.0

30 | Turbine Building Boiler Do not screen in Task 8 Assume 1.0

1. Appendix E provides technical details for calculating severity factors
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8-6

Table 8-1
Zone of Influence and Severity Factor Recommendations (Continued)

Recommended
Method or
. - Ignition Source Screening Probability
ID Location Ignition Source Approach Distribution’ for
Calculating
Severity Factor
31 Turbine Building Cable fires caused by welding and cutting Do not screen in Task 8 Assume 1.0
32 | Turbine Building Main feedwater pumps Do not screen in Task 8 Assume 1.0
33 | Turbine Building T/G excitor Do not screen in task 8 Assume 1.0
34 | Turbine Building T/G hydrogen Do not screen in Task 8 Assume 1.0
35 | Turbine Building T/G oil Do not screen in Task 8 Assume 1.0
36 | Turbine Building Transient fires caused by welding and cutting | Do not screen in Task 8 Assume 1.0
37 | Turbine Building Transients Do not screen in Task 8 Assume 1.0

1. Appendix E provides technical details for calculating severity factors.
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The fixed ignition source screening conducted in this task relies exclusively on thermal
damage. Therefore, fixed ignition sources considered capable of high energy (explosive)
events should not be screened in this task. Examples of such fixed ignition sources are:

— High voltage transformers (480V or higher),

— Switchgears (480V or higher) and diesel generator cabinets supplied with AC power
by the running diesel generator (e.g., DG excitation cabinets, DG switchgear, and some
DG control cabinets), and

— Diesel generators.

Because of their position on the electrical lineup, most motor control centers will have
adequate breaker protection and may be screened out if they are not vented. However,
analysts should consult plant drawings or knowledgeable plant personnel to ascertain
whether exceptions exist.

8.3.2 Assumptions

The following is a list of assumptions used to develop the procedure for this task.

Altered conditions of a fixed ignition source that may lead to a fire more severe than the most
severe postulated fires are very unlikely to occur. The altered conditions of a fixed ignition
source may be addressed as part of the transient combustible fire analysis.

Equipment damage can only occur from exposure to fire generated temperatures exceeding a
pre-defined threshold.

No consideration is given to duration of exposure, i.e., a one-second fire exposure of 330°C
(625°F) is as capable of damage as a 30-minute fire exposure of 330°C (625°F). As a
screening task, this conservatism is acceptable. In detailed fire modeling, Task 11, the
element of time should be included in the analysis, which generally includes a growing
heat release rate profile and time to target heating.

No credit is given to the possibility of suppressing a fire before damage. That is, the
non-suppression probability is assumed to be 1.0.

All targets are a part of the PRA equipment, and loss of a target would always lead to an
initiating event or cause a failure modeled for CCDP calculations, or both.

8.4 Task Interfaces

8.4.1 Input from Other Tasks

The list of unscreened fire compartments from previous screening tasks and the fire PRA
components from Task 2 are needed for this task.

8.4.2 Additional Plant Information Needed to Support this Task

The following documentation may support the walkdown recommended in this task:

List of equipment in compartments,
Equipment layout drawings, and

Elevation drawings of rooms and equipment.
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Information that an analyst can use to establish the characteristics of a credible fire associated
with a specific ignition source is also needed in this task. The exact nature of the information will
depend on the specific characteristics of the ignition source. The following is a sample of such
information:

e Quantity of the oil maintained inside rotating machinery,
e Power and voltage of a motor,
e Power of electrical cabinets, and

e (Quantity and nature of combustible and flammable materials maintained in an enclosure.

8.4.3 Walkdowns

At least one walkdown is needed to support this task. The purpose of the walkdown is to identify
fixed ignition sources in each compartment that may be screened. The analyst should visit plant
compartments in order to:

e review the location of ignition sources with respect to the targets,

e ascertain that no potential target exists within ZOIs of the screened fixed ignition source(s),
and

e verify if proper assumptions were made in characterizing the compartment, the ignition
source, and the target.

8.4.4 Outputs to Other Tasks

The output of this task can be summarized as follows:

e Revised compartment fire frequency after screened fixed ignition sources and application
of severity factors. The revised compartment fire frequencies are used in future quantitative
screening tasks.

e List of unscreened fixed ignition sources within each fire compartment and associated
severity factors. This information is used in the detailed fire modeling (Task 11) for defining
and quantifying fire scenarios.

8.5 Procedure

The following steps describe the procedure intended for this task.
Step 1: Preparation for walkdown

Step 2: Plant walkdown

Step 3: Verification of screened ignition sources

Step 4: Calculation of severity factors

Step 5: Calculation of revised compartment fire frequency
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8.5.1 Step 1: Preparation for Walkdown

Prior to walkdown, the analyst should prepare a list of fixed ignition sources for each fire
compartment that need to be examined for screening. This list may be obtained from the results
of Tasks 2 and 6 should have been developed in Task 6, where the ignition frequency of each
compartment is estimated. As noted earlier, only those ignition sources should be considered in
this task that were included in establishing the fire ignition frequency in Task 6. All other
potential ignition sources that may be present in the compartment but were screened out in
Task 6 as insignificant should be ignored.

Once the fixed ignition source types are known (i.e., electrical cabinets, pumps with lubricating
oil, etc.), a ZOl is calculated for each fixed ignition source type. Calculating ZOIs requires
compartment information such as size and ceiling height that may be obtained from plant
documentation prior to plant walkdown. The automated ZOI form can be used for determining
the ZOI. In practice, it is expected that one form is necessary for each compartment.

Calculating ZOIs for fixed ignition source types requires bounding heat release rates and
damage/ignition temperatures, as well as fire models to calculate damage/ignition distances.
Experience has shown that some ignition sources can be screened out based on simplistic and
conservative analysis. For example, ignition sources that are not near any targets can be screened
out even when a very large heat release rate is assigned to those sources.

8.5.1.1 Step 1.1: Estimate Heat Release Rate for Fixed Ignition Source Screening

Heat release rate is a key parameter in establishing the characteristics of potential fire scenarios
associated with an ignition source. The recommended heat release rate value for screening is
the 98" percentile of the probability distributions for the different ignition sources listed in
Appendix E or G.

The ability of a fixed ignition source to damage or ignite the first (i.e., closest) target is the main
basis for screening ignition sources in this task. Therefore, if it can be ascertained that a potential
fire initiated by an ignition source is capable of igniting an intervening combustible, the source
may not be screened. This limits the need for any complicated analysis of multiple fires in this
task. The heat release rate of electrical cables is not addressed in this task because it is assumed
that self-ignited cable fire is possible. Therefore, cables should not be screened in Task 8.

8.5.1.2 Step 1.2: Target and Intervening Combustible Damage and Ignition Criteria
Information on damage criteria for nuclear plant components has been difficult to obtain.

The identification of nearest ignition and damage targets will most often involve identifying
cables as both ignition and damage targets. Often the same cable will represent both targets.
For cables, the ignition and damage criteria can be assumed to be the same. Heat flux and
temperature criteria for damage and/or ignition are provided in Table 8-2. More detail on
damage criteria is provided in Appendix H.
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Table 8-2
Damage Criteria for Cables [8.1]
Screening Criteria to Assess the Ignition and Damage Potential of Electrical Cables
Cable Type Radiant Heating Criteria Temperature Criteria
Thermoplastic 6 kW/m? (0.5 BTU/ft’s) 205°C (400°F)
Thermoset 11 kW/m?* (1.0 BTU/ft’s) 330°C (625°F)

The following notes are provided for dealing with ignition sources and targets.

Cables in conduit will be considered potential damage targets, but not ignition targets. Cables
in conduit will not contribute to fire growth and spread. The conduit will be given no credit
for delaying the onset of thermal damage.

Cables coated by a fire-retardant coating will be considered as both thermal damage and fire
spread targets. For the purposes of this screening task, no credit will be given to the coating
for delaying or preventing the onset of damage and/or ignition.

In identifying damage targets, do not include components directly within or associated with
the fire ignition source itself. The fire ignition source will be assumed to be damaged given
any fire involving itself as the source, so further evaluation of the components as damage
targets is unnecessary.

Example: for an electrical panel fire, all equipment and components within the panel will be
assumed to fail. Per the definitions for the counting process, a panel will be defined as a distinct
vertical section in this context.

If a scenario should arise involving solid-state control components as a thermal damage
target, the failure criteria applied in screening are 3 kW/m’ (0.25 BTU/ft’s) and 65°C (150°F)
(See Appendix H on damage criteria). The criteria for ignition of the components will
assume properties similar to thermoplastic cables (6 kW/m’and 205°C).

Pipes and water tanks constructed of ferrous metal will be considered invulnerable to fire
damage.

For major components, such as motors, valves, etc., the fire vulnerability is assumed to be
limited by the vulnerability of the power, control, and or instrument cables supporting the
component.

Passive components (e.g., flow check valves) will be considered invulnerable to fire.

In summary, if using the 98" percentile heat release rate value in generating the ZOI does not
generate the temperatures or heat fluxes listed in the criteria above, the ignition source can be
screened out.

8.5.1.3 Step 1.3: Develop Zones of Influence

Developing ZOIs necessitates use of a model that can calculate damage or ignition distances
given heat release rate and damage/ignition temperatures. Numerous tools are available that are
capable of estimating this behavior that range from simple hand calculations to zone models and
computational fluid dynamic models. Some of these models include:
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e Hand calculations (also referred as engineering calculations). For example, see
References [8.2] and [8.3].

e Zone models. Examples of zone models are COMPBRN [8.4], CFAST [8.5] and MAGIC
(by Electric de France).

e Computational fluid dynamics. For example, see Reference [8.6].

All the tools, except for hand calculations, are computer programs that employ sophisticated
computational algorithms. The procedures described for this step are applicable to all these tools.

However, the fire modeling tools described in References [8.2] and [8.3] (hand or engineering
calculations) may be sufficient for achieving the goals in this task. The use of zone and field fire
models is not recommended for this screening task. A spreadsheet template has been created to
perform these calculations. The compartment information, heat release rate, and damage/ignition
data established are this step is used as input to the template to estimate the fire conditions at the
target or intervening combustibles. It is recommended that the analyst be familiar with the
calculations and use engineering judgment when interpreting the results, since most of the
equations are semi-empirical correlations with specific limits of application.

Appendix F provides technical details on the development of the ZOI. Recommended walkdown
forms can also be found in Appendix F.

8.5.2 Step 2: Plant Walkdown

A plant walkdown is recommended to (1) verify and add to the information gathered from paper
and electronic documents and ensure as-built conditions of the plant are incorporated in the
analysis, and (2) establish the basis for screening certain ignition sources.

It is important that the analysts test the approach adopted for conducting the walkdown to ensure
that complete and pertinent information is collected. The analysts may perform a test walkdown,
possibly even analyzing a compartment in detail, to ensure that the needed information will be
collected.

A walkdown form is recommended in Appendix F to collect and analyze the information
relevant to this task. The form is intended to contain information about the heat release rate of
the ignition sources in the compartment, their damage criteria, and whether or not the source
should be screened. The form also will contain information about the basis for screening or
retaining a source.

The following notes about screening of ignition sources may need to be emphasized.

e If an intervening combustible or target is close to the ZOI of a fixed ignition source, the
ignition source should not be screened out.

e Individual cubicles within a motor control center and switchgear should not be screened out,
because the entire electrical cabinet is either connected to the same bus bar or internally
connected to each other. The entire set of cubicles associated with the same bus bar should be
combined as one bus bar.
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e Control panel segments that are internally connected should be combined as one larger
ignition source.

e No cables should be screened out in this task.

Note: For unscreened ignition sources, analysts should document the location of the equipment
considered as a target. That is, document the distance from the ignition source to the target, and
if the target is expected to be engulfed in flames, within fire plume, the ceiling jet, the smoke
layer, or the flame irradiation zone. This information will be used later in this task to calculate
severity factors.

Further information about conducting a walkdown may be found in the support task for
plant walkdowns.

8.5.3 Step 3: Verification of Screened Fixed Ignition Sources

The non-propagating fixed ignition sources, identified at the end of this step, do not require
detailed fire modeling and may be closed out here. However, before these components can be
eliminated from further analysis, it is important to verify that fire damage to the ignition source
itself is not risk significant. In particular, this concern needs to be carefully evaluated for
components such as switchgear and MCCs.

The following provides instructions to ensure that loss of the ignition source alone does not
result in a risk significant fire-induced sequence.

e Check if loss of the ignition source is included (as an accident initiator or equipment failure)
in the Internal Events PRA Model. If the data used for equipment unavailability is based on
historical events, it can be assumed that fire was one of the causes of isolated equipment
failure. Based on this assumption it can be concluded that the Internal Events PRA already
includes the fire-induced isolated loss of the ignition source and no further evaluation is
needed. Otherwise, the following checks should be completed.

e If loss of the ignition source results in a trip (automatic or manual) but no equipment
contributing to the CCDP are lost, compare the ignition source fire frequency with the
random frequency of the trip it causes. (If recovery of the initiator is in the PRA, generally it
should not be considered part of the random trip frequency since fire damage is often not
recoverable.) If the ignition source fire frequency is much less, the ignition source can be
screened. If the ignition source frequency is comparable or higher, add a fire-induced
sequence using the ignition source fire frequency and the corresponding CCDP (from the
Internal Events PRA) without recovery of the initiator.

e If loss of the ignition source results in both a trip (automatic or manual) and loss of one or
more components contributing to the CCDP, add a fire-induced sequence using the ignition
source fire frequency and the corresponding CCDP model with the damaged components set
to fail.
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8.5.4 Step 4: Calculation of Severity Factors

A severity factor is calculated for each unscreened fixed ignition source. In general, severity
factors assigned in this task will range from 0.02 to 1.0 because the screening criteria is based on
the 98" percentile of the probability distributions for heat release rate. That is, equipment can be
screened if the heat release rate required for generating damage to the nearest intervening
combustible is lower than the 98" percentile of the distribution. In this task, the severity factor is
the area under the probability distribution for the heat release rate to the right of the lowest heat
release rate generating damage to the target. As an example, consider the case of a target within
the damaging flame radiation illustrated in Figure 8-1. After calculating the lowest heat release

rate required for damage Qma the corresponding probability distribution for the ignition source

is selected for determining the severity factor. Readers are referred to Appendix E for further
technical details on severity factors.

P Damaging region
. *, basedon Q,,
\

o \
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\ " m‘ Target Severity Factor
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Figure 8-1
Conceptual Representation of the Process of Calculating Severity Factors in Task 8

At this point, the analyst should have a list of unscreened ignition sources with the respective
distance to the target and fire condition affecting it, as indicated at the end of Step 2. For each
ignition source in the list, the heat release rate necessary for damage is calculated and the
severity factor is assigned based on the heat release rate. The hand calculations that can be
used to determine the heat release rate necessary for damage are described in Appendix F.

8.5.5 Step 5: Calculation of Revised Compartment Fire Frequency

Revise the compartment fire frequencies, A, , developed in Task 6 after removing the fixed
ignition sources screened in Step 3:

N
A’J,L = Z /Ils,J 'SF1S,J >

i=1

where A, is the compartment frequency calculated in Task 6, and SF, is the severity factor for
ignition source IS in compartment J. Notice that the multiplication of the generic frequency times
the location and ignition source weighting factors is already available from Task 6, fire ignition
frequency. Furthermore, notice that no credit is given to the non-suppression probability in this
task.
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Table F-1 describes how the walkdown, screening, and determination of severity factors is
summarized and automated in a spreadsheet.
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9

DETAILED CIRCUIT FAILURE ANALYSIS (TASK 9)

9.1 Purpose

Conducting a Fire PRA in accordance with this methodology necessitates an analysis of fire-
induced circuit failures beyond that typically conducted during original Fire PRAs. The circuit
analysis elements of the project are conducted in three distinct phases:

1. Fire PRA cable selection (Task 3),

2. Detailed circuit failure analysis (Task 9), and
3. Circuit failure mode likelihood analysis (Task 10).

This chapter provides methods and instructions for conducting the second phase of circuit
analysis—detailed circuit failure analysis (Task 9). The purpose of Task 9 is to conduct a more
detailed analysis of circuit operation and functionality to determine equipment responses to
specific cable failure modes. These relationships are then used to further refine the original cable
selection by screening out cables that cannot prevent a component from completing its credited
function. The output of this task supports the quantitative screening process under Task 7.

As discussed in Chapter 3, in most cases it is advantageous to perform some aspects of Task 9
along with the basic cable selection process of Chapter 3. Analysts are encouraged to screen out
early in the cable selection/analysis process those cables that are readily identifiable as not
posing a risk to the credited PRA function. A full and complete detailed circuit failure analysis
can be time consuming and resource intensive. Accordingly, this level of analysis should be
reserved for cases in which the quantitative screening demonstrates a clear need and advantage to
fully developing a circuit’s failure modes and response to fire-induced cable failures. Ultimately,
each plant will need to find the most efficient balance point with respect to how much detailed
circuit analysis is conducted coincident with the cable section.

9.2 Scope

Chapter 9 provides methods and technical considerations for identifying the potential response
of circuits’ and equipment to specific cable failure modes associated with fire-induced cable
damage. This task contains the following key elements:

"The term “circuit” and “cable” are often used interchangeably for fire-related circuit analyses. A circuit is
comprised of electrical components, subcomponents, and cables/connection wire. Within the context of fire-
induced equipment failures, it is understood that “circuit failure” or “circuit response” refers to the impact of
“cable failure modes” that may affect the behavior of related components and subcomponents in a complete circuit.
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e Determine the component response to postulated conductor/cable failure modes, and

e Screen out cables that do not impact the ability of a component to complete its credited
function.

This task does not address implementation of plant-specific quality assurance and configuration
control requirements that might apply to a Fire PRA. Nor is it intended that this procedure
validate the accuracy of plant-specific data extracted from plant drawings, documents, or
databases. Each plant should follow appropriate quality assurance, administrative, and
configuration control procedures applicable to the work being conducted. The need to validate
input source documents should be addressed as part of assembling the prerequisite information
in Step 1.

9.3 Background Information

9.3.1 General Task Objectives and Approach

The cable failure modes of particular interest here include shorts-to-ground and hot shorts.
Open circuit failures’, as the initial cable failure mode, will typically not be considered in this
procedure. However, an open circuit condition resulting from the predicable operation of a
circuit protection device (e.g., circuit breaker and fuse) in response to fire-induced short circuits
will be considered with regard to its impact on the operation of the component(s) affected by the
cable under consideration.

An Equipment Failure Response Report’ is a consolidated list of possible component responses
resulting from fire damage to the cable. This aspect of the circuit analysis is fundamentally a
deterministic study and does not include failure mode probabilities (the probabilistic analysis of
circuit failure modes is covered in Chapter 10). However, the results of this task will serve as the
basis for estimating the likelihood of specific equipment functional failures at a compartment or
scenario level.

Development of the Equipment Failure Response Report involves three principal steps. Generic
instructions for completing these steps are provided in this chapter. Figure 9-1 provides a
summary of the task work flow. Before beginning this task, it is important to clearly define how
various cable failure modes are handled.

* Within the context of this procedure, “open circuit failure” refers to the loss of continuity due to direct physical
damage to the conductor (e.g., melted wire).

’ The term “Equipment Failure Response Report” is used in the generic sense to depict a matrix-type listing of
equipment failure modes correlated to the component’s circuit conductors/cables.
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Step 1: Compile and Evaluate
Prerequisite Information
and Data

- Confirm Fire PRA Cable List is
available in the Fire PRA Database
- Confirm unscreened plant
> compartments and scenarios are

Task 9 Interfaces:
- Inputs from other tasks (2, 7, 11 &
support task B)
- Additional plant information needed
for circuit analysis
- Information from plant walkdowns

; identified
(Sections 9.4.1, 9.4.2, 9.4.3) ! m (Section 9.5.1)
Analysis Work Packages Step 2: Perform Detailed Circuit/Cable
- Input from Task 3 Failure Analysis
- Develop strategy for circuit analysis
(Input to Task 10) - Develop plant-specific rules for
. performing circuit analysis

S 9.4.1 and 9.4.4

(Sections = ) - Perform detailed circuit failure analysis

- Document analysis results
(Section 9.5.2)

Step 3: Generate Equipment Failure
Response Reports
- Enter results into Fire PRA Database
- Generate equipment failure response
reports

(Section 9.5.3)

Uncertainty
- Plant-specific circuit analysis
guidelines
- Circuit analysis process

Figure 9-1
Detailed Circuit Failure Analysis Work Flow

9.3.2 Assumptions

The following assumptions form the basis for this task:

An Appendix R analysis for the plant has been completed and documented, and is available
for identifying equipment failure responses to specific cable failure modes. Additional effort
will be necessary to address systems that are not part of the Appendix R analysis, and to
address systems/trains for which the Appendix R analysis assumes failure without
performing detailed circuit analysis.

Component analysis packages have been assembled as part of the activities under Task 3,
Fire PRA Cable Selection, and are available for use in this task.

Equipment is assumed to be in its normal expected position or condition at the onset of the
fire. Where the status of a component is indeterminate or could change as a result of expected
plant conditions, the analysis assumes the worst-case initial conditions.

Users of this procedure are knowledgeable and have experience with circuit design and
analysis methods. Work under this procedure is assumed to be conducted by or supervised by
personnel familiar with circuit failure analysis (i.e., Appendix R safe shutdown analysis or
similar).
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9.4 Task Interfaces
9.4.1 Input from Other Tasks

9.4.1.1 Fire PRA Components Selection (Task 2)

The detailed circuit failure analysis task needs, as a prerequisite, the Fire PRA Equipment List
from Task 2, Fire PRA Equipment Selection. The Fire PRA Equipment List is used to verify that
all Fire PRA cables located in the unscreened compartment(s) or raceway(s) are analyzed. In
addition, the Fire PRA Equipment List provides the specific functional requirements for each
component. Any discrepancies or inconsistencies should be discussed and resolved with the Fire
PRA analysts as part of completing the detailed circuit failure analysis.

9.4.1.2 Fire PRA Cable Selection (Task 3)

This detailed circuit failure analysis task needs, as a prerequisite, the list of Fire PRA cables from
Task 3, Fire PRA Cable Selection. The Fire PRA Cable List is used to identify Fire PRA cables
routed within unscreened plant locations. In addition, the analysis packages assembled for each
component during Task 3 provide the baseline documentation needed to complete the detailed
circuit analyses.

9.4.1.3 Fire PRA Database System (Support Task B)

The Fire PRA Database System (database structure and relationships) is a prerequisite for Task
9. The database system provides a structured framework for maintaining Fire PRA data. The
database is populated with the data and information generated by previously completed tasks,
and, in part, will be used to establish the Fire PRA equipment and cable locations. The data
structure and functional relationships established within the database system are specifically
designed to provide the necessary sort and query capability to identify fire compartment
contents.

9.4.1.4 Quantitative Screening (Task 7)

To maximize efficiency, an overall project objective is to minimize the number of components
for which a detailed circuit failure analysis is conducted. Focusing the scope of the detailed
circuit failure analyses is accomplished using the preliminary screening results from Task 7,
Quantitative Screening.

9.4.1.5 Detailed Fire Modeling (Task 11)

An alternate way to identify the cables requiring detailed analysis is to provide a list of raceways
affected by fire within a compartment. Such fire scenario-specific input would be generated from
the output of Task 11, Detailed Fire Modeling.

9-4



Detailed Circuit Failure Analysis (Task 9)

9.4.2 Additional Plant Information Needed to Support this Task

9.4.2.1 Plant Appendix R Safe Shutdown Circuit Analysis

Given the substantial overlap between the Fire PRA Equipment List and Appendix R Safe
Shutdown Equipment List, the Appendix R circuit analysis information should be used to the
maximum extent possible to support this task. The approach and methods used for the Appendix
R circuit analysis will possibly differ from that developed for the Fire PRA. Any differences
should be well understood to ensure the Appendix R circuit analysis results are representative
and as complete as necessary to meet Fire PRA objectives. The Appendix R circuit analysis
might or might not inherently incorporate a “detailed” circuit failure analysis. Additionally,

the Appendix R analysis may not contain detailed circuit failure analysis documentation for
equipment that is not part of the Appendix R “protected train” for the fire area in question.

This too, will need to be confirmed as part of using the Appendix R study results.

9.4.2.2 Other Information and Data

e Component elementary circuit diagrams

e Component cable block diagrams

e Component wiring/connection diagrams

e FElectrical distribution system single-line diagrams
e Instrument loop diagrams and block diagrams

e (Cable raceway schedules and routing drawings

9.4.3 Walkdowns

Plant walkdowns are not considered a fundamental part of this task. Rather, plant walkdowns
should be considered on a case-by-case basis as a way of obtaining necessary information about
cable and/or raceway locations.

9.4.4 Outputs to Other Tasks

The Target Equipment Response Reports are used principally as reference information for
conducting additional quantitative screenings. Cables are screened based on their potential to
impact the desired functionality of a component. Target Equipment Response Reports also serve
as input into the probabilistic circuit failure mode likelihood analysis (Task 10).

9.5 Procedure

The purpose of Task 9 is to perform a deterministic failure analysis of the circuits located within
each unscreened fire compartment/scenario in order to identify those circuits/cables that can
adversely affect the credited functionality of essential equipment/components, and to document
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the equipment responses to the possible cable failure modes induced by fire damage. This task
differs from Task 3 in that the Fire PRA cable selection process is designed to identify and
document all of the “important” cables associated with each Fire PRA component, whereas
Task 9 further refines the analysis by determining the actual functional impact of the postulated
cable failure modes.

The steps below provide methods for performing the detailed circuit analysis of essential
cables. Although the instructions cover all aspects of the work, it is strongly recommended
that additional plant-specific circuit analysis “rules” be developed before beginning work. As
with the cable selection performed under Task 3, plant-specific rules are important to further
customize the analysis methodology to fit the specific circumstances and needs of each plant.

9.5.1 Step 1: Compile and Evaluate Prerequisite Information and Data

This step ensures that prerequisite information and data is available before beginning the detailed
circuit analyses. Beginning the process of circuit analysis without first having the prerequisite
information will reduce efficiency and significantly increase the likelihood of rework.

9.5.1.1 Step 1.1: Confirm Fire PRA Cable List is Available in the Fire PRA Database

Confirm that the Fire PRA cables have been identified and input into the Fire PRA Database
(outputs from Task 3, Fire PRA Cable Selection, and Support Task B, Fire PRA Database
System). Consider the following factors in conducting the verification.

1. It is desirable that fire compartments be associated with plant raceways and, no less
important, that plant cables be associated with raceways through which they are routed and
endpoint designations to which they terminate. In some cases, cables might be correlated
directly to compartments instead of indirectly via raceways, or might only have a correlation
to fire areas. These factors can introduce inherent limitations on the ability to conduct
compartment-level and scenario-level screening. As a minimum, cables should be correlated
to plant fire areas.

2. The Fire PRA Cable List data should include a correlation to specific individual fire PRA
equipment.

9.5.1.2 Step 1.2: Confirm Unscreened Plant Compartments and Scenarios are Identified

Determine the scope of equipment requiring a detailed circuit failure analysis.

1. Obtain a listing of unscreened fire compartments/scenarios (output from Task 7, Quantitative
Screening). Generate a listing of affected components for each unscreened
compartment/scenario (Target Equipment Location Reports).

2. For components requiring a detailed circuit failure analysis, ensure the Fire PRA Database

includes equipment identifiers, attributes, normal status, and functional requirements (Output
from Task 2, Fire PRA Components Selection).
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This step focuses the scope of the detailed circuit analysis. Compartments, scenarios, and
equipment not included on the list do not need a detailed circuit failure analysis.

9.5.2 Step 2: Perform Detailed Circuit/Cable Failure Analysis

This step performs a deterministic-based detailed circuit analysis for the Fire PRA cables of
interest that are located in the unscreened plant locations.

9.5.2.1 Step 2.1: Develop Strategy for Circuit Analysis

The first step in conducting circuit analysis is to develop a comprehensive strategy and approach.
The following factors should be considered.

1. Determine to what extend the Appendix R circuit analysis data can be used. To make this
determination, it is necessary to fully understand the analysis approach used to create the
original cable set for each component and compare this to the analysis criteria established for
the Fire PRA. Particular attention should be paid to criteria/assumptions in the Appendix R
analysis upon which cables have been eliminated as a concern. The assumptions and criteria
for these decisions will possibly not fully align with the analysis criteria and cable failure
modes to be considered for the Fire PRA. Determine the level of effort necessary to augment
or modify the original analysis to conform to the Fire PRA criteria. Experience indicates that
a hands-on review of several components is helpful in revealing differences that should be
considered when developing a strategy.

2. Determine how the circuit failure analysis results will be documented. The requisite level of
detail to be documented should be clearly established, including the rationale for selecting or
excluding specific analysis methods. In addition, the specific types of equipment responses to
cable failure modes that are to be documented (and possibly ranked) should be determined.

3. Note that the normal equipment status should be identified as part of the Fire PRA
Components Selection (Task 2). If the normal status is indeterminate, the circuit failure
analysis should assume the worst case initial conditions.

4. The Fire PRA Equipment List might list a component more than once if it has different
functional requirements for different event sequences. In these cases, the detailed circuit
analysis should address each case separately. Normally, only two cases will exist: open and
closed for valves, running or stopped for pumps, and open or closed for breakers.

9.5.2.2 Step 2.2: Develop Plant-Specific Rules for Performing Circuit Analysis

Once a strategy and approach for conducting and documenting the detailed circuit analysis has
been established, translate the approach into specific “rules” that will be used to govern the
detailed circuit analysis methodology. The benchmark for these rules is that independent review
by different analysts should identify identical circuit/equipment responses. In developing plant-
specific circuit analysis rules, consider the following.
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1. The following circuit failure modes and their effect on the circuit behavior/component
response should be included in the circuit analysis evaluation.

Cable Failure modes:
e Shorts-to-Ground
e Hot Shorts

Effects on Circuit/Component:
e Spurious Operation
e Loss of Power
e Loss of Control
e Erroneous Indication
e Others as appropriate
2. Numerous subcases exist for the cable failure modes identified above. Based on engineering

principles, test results, and operating experience, recommendations for disposition of certain
cases of interest are provided below.

e Three-phase proper polarity hot shorts on AC power systems:

Case 1: Grounded AC system with thermoset-insulated cable'. Three-phase proper
polarity hot shorts are evaluated as extremely low-probability events for grounded three-
phase AC power systems. Based on observed characteristics and behavior of fire-induced
cable failures, an estimated upper bound on the probability of occurrence for a three-
phase circuit utilizing thermoset-insulated triplex cable (one 3-conductor cable) located in
a typical cable tray or conduit is SE-8/yr. This bound considers:

— The likelihood of multiconductor-to-multiconductor hot shorts for thermoset-
insulated cable,

— The likelihood of concurrent and independent phase faults,

— The likelihood of phase faults of the proper polarity, i.e., phase rotation, and

— Typical fire ignition and severity frequencies and suppression failure probabilities.
On this basis, the three-phase proper polarity hot short failure mode is not considered
risk-significant in accordance with the defined screening criteria of 1E-7/yr for
“potentially high consequence equipment,” as defined by Section 2.5.6. It is

recommended that this failure mode not be included in the Fire PRA cable selection
process for grounded three-phase AC circuits involving thermoset-insulated cable.

" Case 1 is considered to apply to impedance grounded systems (high and low) if the system overcurrent protection
scheme is designed to initiate a protective device trip upon detection of a ground. If instead the overcurrent
protection scheme only initiates an alarm signal, the system should be analyzed following the instructions for
Case 2.
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Case 2: Ungrounded AC system or thermoplastic-insulated cable. The evaluation of
ungrounded systems and thermoplastic-insulated cable is less certain than the evaluation
for Case 1 due to the scarcity of data. Nonetheless, with an understanding of the general
principles and phenomena involved, it can be reasoned that the failure mode has a low
probability, but not as low as that for grounded systems with thermoset cable. On this
basis, it cannot be conservatively argued that the failure mode likelihood is below the
1E-7/yr screening criteria established for “potentially high-consequence equipment.”
Accordingly, for these cases, it is recommended that three-phase proper polarity hot
shorts be considered for high consequence equipment, as defined by Section 2.5.6.

Case 3: Armored cable or cable in dedicated conduit. Three-phase proper polarity
faults are not considered credible for armored power cable or a single triplex cable in a
dedicated conduit. The basis for exclusion is that multiconductor-to-multiconductor
hot shorts are not plausible given the intervening grounded barrier (i.e., the armor or
conduit).

Open Circuits

Open circuits (a condition that is experienced when an individual conductor within a
cable loses electrical continuity) need not be considered as a primary cable failure

mode of concern when conducting the detailed circuit failure analysis. However, it is
recognized that the effects on a circuit due to shorts-to-ground or hot shorts will likely
cause circuit protective device actuation(s) that result in an “effective” open circuit
condition (expected circuit state following overcurrent protective action). The effects of
this resultant circuit condition should be considered in determining the functional impact
on the equipment.

Compatible polarity multiple hot shorts on ungrounded AC and DC circuits

Compatible polarity hot shorts for ungrounded AC and DC circuits are evaluated to be a
low-likelihood event; however, sufficient data is unavailable to screen out this particular
cable failure mode from consideration, based on the thresholds established in Section
2.5.6. Hence, the evaluation of hot shorts should in general consider this particular failure
mode.

Ground faults on ungrounded AC and DC control circuits

A single ground fault on an ungrounded AC or DC control circuit has no immediate
functional affect. Thus, ground faults on ungrounded systems should be treated
differently than for grounded systems. With respect to spurious actuations, multiple
ground faults can potentially energize conductors via backfeed paths through grounded
surfaces (tray, conduit, etc.). For this phenomenon to be viable, one or more energized
conductors from the same power source as the circuit under analysis must also be
susceptible to fire damage. In practice, unless the energized conductors (from the same
power source) are located in the same raceway as the target cables/conductors, the
likelihood of a viable conduction path through a grounded surface is extremely remote.
(Note that this circuit failure mode does not exist for grounded circuits since the ground
fault is presumed to trip the circuit’s overcurrent device.). For ease of analysis it is
recommended that an existing, unspecified ground fault from the same power source be
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assumed when analyzing ungrounded circuits. It is likely that over the course of a fire at
least one conductor from each polarity of a circuit (positive and negative polarity) will
eventually become grounded. Thus, the circuit analysis should not try to take credit for a
circuit remaining functional simply because two conductors must short to ground to
render the circuit inoperable (i.e., blow the fuse or trip the circuit breaker).

Coincident independent hot shorts involving separate cables

In general, the analysis of individual components should only consider failures of the
specific circuit conductors that are contained within the cable under evaluation. Other
conductors making up the circuit, but contained in a separate cable, should be assumed to
represent otherwise normal circuit paths (i.e., other cables connected to the cable under
evaluation should be assumed to be unaffected by the fire).

This approach can be implemented using the “hot probe” analysis method. In this
approach, the analyst assumes the presence of an energized conductor (the hot probe)
capable of energizing the circuit conductor under consideration. The “hot probe”
represents a single “source conductor” without reference to its circuit association

(i.e., it could be an intra-cable source or inter-cable source). The hot probe is

postulated to make contact with each individual conductor in the cable (separately or
coincidentally). Experience with the hot probe analysis method for a broad range of
circuit types confirms that this method of analysis generally bounds the case of multiple
independent coincident hot shorts on separate cables (as applied to the circuit analysis

of an individual component). However, for certain unique circuit configurations, this
approach might not be appropriate. Consideration should be given to those (expectedly
few) cases where two cables interfacing with a single circuit are exposed to the same fire,
and where independent concurrent hot shorts on both cables is necessary to produce an
undesirable circuit/component response. Such cable combinations should be flagged and
incorporated into the analysis. Appendix I provides an example of such a case. Extending
this consideration beyond two-cable combinations is not advised. Determining specific
configurations that might warrant a more comprehensive analysis falls within the
purview of the electrical analyst.

Intra-cable and Inter-cable Hot Shorts for Multi-conductor Cables

When analyzing multi-conductor cables, energized conductors within the cable
(intra-cable) and external to the cable (inter-cable) are considered viable source
conductors for analyzing hot shorts. The source conductor(s) are considered capable of
shorting to the cable’s conductors individually or concurrently. The likelihood of such
failures (both individual and multiple) is addressed under Task 10, Cable Failure Mode
Likelihood Analysis.

Low-Voltage DC (1 VDC-48 VDC) Instrument Signals

These circuits are typically comprised of instrument signal cables for monitoring,
protection systems, or control valve circuits (sensor to I/P converter). Shielded, grounded
signal cables are typically used for these applications. Considerations in the analysis of
these circuits include:
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— Conductor-to-conductor shorts within an instrument signal cable or intermediate
resistance grounds can produce false instrument signals that should be considered
when determining equipment responses, including indicators.

— Many plant protection circuits have logic circuitry that needs multiple input signals in
order to actuate (i.e., one out of two taken twice, two out of three, etc.). In these
instances, multiple failures on instrument input signal cables (or, in some specific
designs, multiple conductors within the same cable) could cause a fire-induced safety
signal actuation. These failure modes are addressed qualitatively in the human factors
analysis, as discussed in Volume 1, Chapter 2. The detailed circuit analysis should
consider these interfacing circuits only to the extent specified in Section 3.5.1.1.

— If the cable design can be verified as one that employs a rugged grounded metallic
shield (e.g., armor, braid, etc.)", then the analysis need only consider the effects of
shorting between the conductors within the shield and shorting of the conductors to
ground, i.e., the effects of shorts from external sources need not be considered.

3. General evaluation approaches for performing detailed circuit failure analyses include:

Circuit failure evaluations should be performed with the components in their normal
operating state. This demands that the devices making up the circuit be represented
appropriately. For example, if relay contacts included as part of the circuit are closed in
the normal operating state, the circuit should be analyzed assuming that those contacts are
closed. The analysis should be performed using a marked-up circuit schematic that
represents the normal operating condition of the circuit under review. If a component
state is indeterminate (i.e., varies as a result of normal plant operation, e.g., two motors
that are run for alternating periods to even out run time), the worst-case functional state
should be selected for analysis.

It may be insightful to extend the analysis to consider the possible effect of certain failure
modes on the component, if the component’s status is changed (or a change is attempted)
while the fault is present. One example would be if the operator attempts to close a
normally open valve following the onset of cable damage.

During the process of identifying equipment responses to cable failure modes, a hot short
circuit failure on the appropriate conductor(s) should conservatively be assumed to occur
with sufficient electrical contact to impose full voltage on the “target conductor.” For
example, if a hot short between two conductors can produce a spurious actuation, the
short is assumed to occur in a manner that permits sufficient energy transfer to cause the
spurious actuation. This approach will ensure that a comprehensive population of cables
is evaluated.

The detailed circuit failure analysis is a deterministic “static”” analysis. As such,
dynamic aspects of the cable faults are not considered. Each cable fault should be
evaluated for the possible equipment response it could elicit. Timing aspects and the
ultimate circuit/equipment state are not factored into the criteria. For example, if a hot

"' This criterion does not include the use of fragile shielding, for example, thin aluminized Mylar. Additionally, if the
metal shield is not grounded appropriately, the combined effect of an external source shorting to the shield to
which one or more of the internal conductors also shorts should be analyzed.
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short between two conductors can produce a spurious opening of a solenoid valve, the
analysis should identify “fail