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1. EXECUTIVE SUMMARY

11 B ND AND OBJECTIVE

‘This report documents the work performed by the Tennessee Valley Authority (TVA) in

accordance with the U.S. Nuclear Regulatory Commission (NRC) Generic Letter No.
88-20, Supplement 4 (Reference 1.1). The letter requested each utility to perform an
individual plant examination of external events (IPEEE) "(1) to develop an appreciation
of severe accident behavior, (2) to understand the most likely severe accident
sequences that could occur at its plant under full-power operating conditions, (3) to gain
a qualitative understanding of the overall likelihood of core damage and fission product
releases, and (4) if necessary, to reduce the overall likelihood of core damage and
fission product releases by modifying, where appropriate, hardware and procedures
that would help prevent or mitigate severe accidents."

Based on NRC's study, they concluded that five external events need to be included
specifically in the IPEEE. They are the following: seismic events, internal fires, high
winds, floods, and transportation and nearby facility accidents. Additionally, licensees
should confirm that no other plant-unique external events with potential severe accident

- vulnerability are being excluded from the IPEEE.

TVA's overall objectives of the IPEEE program were to

® Meet the NRC requirements for IPEEE as set forth in Generic Letter No. 88-20,
Supplement 4 and in NUREG-1407 (Reference 1.2).

° Identify and implement opportunities for safety enhancement.

1.2 PLANT FAMILIARIZATION

The Browns Ferry Nuclear Plant (BFNP) is located on the north shore of Wheeler Lake
at Tennessee River mile 294 in Limestone County, Alabama. The site is approximately
10 miles southwest of Athens, Alabama, and 10 miles northwest of Decatur, Alabama.
The plant consists of three units, each with a rated power level of 3,293 MWt. Unit 2 is
the only unit currently operating and Unit 3 is currently in a recovery mode and
expected to return to commercial operation in December, 1995.

All three units are single-cycle forced-recirculation boiling water reactor (BWR) with
nuclear steam supply system supplied by General Electric Corporation. Major
structures at Browns Ferry include a reactor building with Mark | drywell containment, a
turbine building, a control bay, two diesel generator buildings, a standby gas treatment
building, and an intake pumping station.

A detailed description of the plant site, facilities, and safety criteria is documented in the
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‘ Browns Ferry Final Safety Analysis Report (Reference 1.3).
1.3 VE E DOL

The methodologies used in performance of the IPEEE are those as presented in GL
88-20, Supplement 4. The methodology used to perform fire hazards evaluation at
Browns Ferry Nuclear Plant Unit 2 is based on the Fire Induced Vulnerability Evaluation
(FIVE) methodology that was developed by the Electric Power Research Institute
(EPRI), (Reference 1.4). The fire analysis also meets the informational requirements
of NUREG-1407 (Appendix C, Section C.3). Section 8.3 of the fire analysis report
provides cross references to aid in locating the informational requirements of NUREG-
1407. A screening approach as described in the GL 88-20 supplement is used for
evaluations of risk from high winds, external floods, and nearby facility/transportation
events. No other external events (e.g. volcanic activity) are applicable to the Browns
Ferry site.

The results of this IPEEE are based on a significant amount of analysis and plant
walkdowns. However, the results are also based on the judgement and experience of
both the analyst performing the IPEEE and the technical reviewers of the work. The
use of judgement is in keeping with the spirit of the IPEEE generic letter supplement
which recognizes the large uncertainties associated with severe accident behavior,

. especially when the initiating events involved are extremely infrequent and spatially

. distributed. The explicit recognition of this uncertainty, and the expectation that most
risk-significant vulnerabilities would be identified via experience based judgement
coupled with plant walkdowns, is a great strength of the GL supplement.

The IPEEE is performed as a "best estimate". There is no attempt to combine
uncertainties to create bounding, worst case but highly improbable scenarios, or to
artificially assume that the physical condition of BFNP is degraded at the time of the
initiating event. This IPEEE makes every attempt to reflect the true condition of BFNP
so that the results are realistic. The analysis methods and results were subjected to
extensive reviews before acceptance.

1.4 SUMMARY OF MAJOR FINDINGS

The major findings of the IPEEE are presented here for each of the two analyses:

1. Intemal Fires
2. High winds, external floods, nearby facilities/transportation

While no vulnerabilities were identified in the course of this evaluatioﬁ for Internal Fires,
several items of interest were noted:

® In general, essential switchgear rooms were noted to have low conditional
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core damage frequencies. This is due to the large amount of partitioning
between divisions and trains at the Browns Ferry plant. For example,
RHR pumps A, B, C and D are each supplied from a different 4kV
shutdown board, each of which is located in a different fire area. The four
core spray pumps are supplied in a similar fashion. This design prevents
the failure of a single shutdown board, whether due to fire or due to
independent hardware failure, from failing an entire division of a given
ECCS system. Also, the unit battery boards are set up to allow the
maximum level of flexibility and redundancy between the three units.

The walkdowns performed in conjunction with the fire hazard evaluation
identified several plant locations where a potential fire could damage risk
significant components and cables. However, due to the redundant
nature of the plant design (i.e. numerous and diverse methods of
maintaining reactor makeup, etc.), these situations do not affect overall
plant risk significantly.

Several potential plant fire hazards, such as oil filled transformers and
reactor recirculation MG sets, have the potential to generate significant
amounts of heat. These components have been previously identified and
evaluated by the fire protection program. In part due to this previous
evaluation effort and subsequent detail evaluation in conjunction with this
fire evaluation, these hazards were not found to impact plant risk
significantly.

The screening approach used in analysis of external floods, and nearby
facilities/transportation accidents demonstrates that they meet U.S. NRC Standard
Review Plan (SRP) 1975 criteria and has adequate defense against these threats.
Since Browns Ferry does not meet the SRP 1975 criteria for high winds, a bounding
analysis was performed. This analysis showed the contribution to core damage
frequency due to high winds to be less than the IPEEE screening criteria of 10. No
plant modifications were identified from any of the analysis.

1.5
1.1

1.2

1.3

REFERENCES FOR EXECUTIVE SUMMARY

"Individual Plant Examination of External Events (IPEEE) for Severe Accident
Vulnerabilities", Generic Letter 88-20, Supplement 4, June 28, 1991.

“Procedufal and Submittal Guidance for the Individual Plant Examination of

External Events (IPEEE) for Severe Accident Vulnerabilities”, U.S. NRC NUREG-

1407. .

Browns Ferry Nuclear Plant Final Safety Analysis Report Amendment 11.
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| . 1.4  Electrical Power Research Institute, "Fire Induced Vulnerability Evaluation
(FIVE)", EPRI TR-100370, April 1992,







2. EXAMINATION DESCRIPTION

2.1 INTRODUCTION

BFNP began work on the IPEEE subsequent to the conclusion of the IPE effort. The
IPEEE is a request for information contained in Supplement 4 to Generic Letter 88-20.
As stated in the generic letter supplement, the purpose of the IPEEE is similar to that of
the IPE in that each licensee is expected to:

1. Develop an appreciation of severe accident behavior.

2. Understand the most likely severe accident sequences that could occur at its
plant under full power operating conditions.

3. To gain a qualitative understanding of the overall likelihood of core damage and
radioactive material release.

4, If necessary, to reduce the overall likelihood of core damage and radioactive
material release by modifying hardware and procedures that help prevent or
mitigate severe accidents.

Thus, the IPEEE is a methodical search for vulnerabilities, that is weakness in core, .
vessel and containment defense, given an external event/threat to BFNP. This search
is part of an overall process of risk characterization and reduction begun with the
issuance of the Severe Accident Policy Statement by the NRC in 1985. Because of the
large uncertainties associated with both the frequency of initiating event occurrence,
and the impact of these external events on the plant, the IPEEE emphasizes qualitative
rather than quantitative estimates of core damage and radioactivity release. In keeping
with the state of knowledge about external event frequency and impact, significant
judgements are expected to be utilized in both the IPEEE scope and analysis.

2.2 ANCE WITH GENERIC LE ND PORTIN

Generic Letter 88-20, Supplement 4 requests a response from each licensee outlining
the IPEEE approach and schedule. The supplement also includes guidance regarding
types of extemal threats to be evaluated, the methods of examination, determination of
vulnerabilities and documentation. NUREG-1407 provides further details of acceptable
approaches to the IPEEE response.

TVA Browns Ferry transmitted the proposed IPEEE approach and schedule via letter
dated December 20, 1991(Reference 2.1). BFNP identified the five(5) suggested
external events to be utilized for BFN's evaluation and will be included with BFNP's
IPEEE report.
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The IPEEE is performed using the methodologies suggested in the Supplement and
NUREG 1407. Fire risk is determined using the FIVE methodology and current BFNP
Appendix R Safe Shutdown Analysis program. Screening against the 1975 SRP criteria
is performed to study risks due to high winds, external flooding and nearby
facility/transportation accidents. The report and supporting calculations had an
extensive review by the IPEEE participants.

BFNP's documentation of the IPEEE conforms to the "two tier" approach recommended
in the Supplement. The IPEEE report represents the first tier and the numerous
calculation packages retained by BFNP make up the second tier of documentation.

2.3 ENERAL ME D

The IPEEE is performed using the methodologies suggested in the GL Supplement and
NUREG 1407. This section provides a general discussion of these methodologies. GL
Supplement recommends different methodologies be used to analyze the different
external events. Fire risk has been determined using FIVE methodology and screening
against the 1975 SRP criteria has been performed to study risks due to high winds,
external flooding and nearby facility/transportation accidents.

2.3.1 INTERNAL FIRES

The EPRI FIVE documentation (Reference 2.2) is used as a basis for evaluation of fire
hazards and for screening fires from further consideration, based on a screening criteria
of less than 10 core damage frequency due to fire related initiating events.

The FIVE documentation describes the fire evaluation process in three phases. The
steps involved in each of these phases are shown in Figure 1-1 in Section 4 of this
submittal and are briefly described as follows:

Phase | - Qualitative screening and fire compartment interaction analysis.
During this phase, plant areas can be removed from further consideration based
on the absence of safe shutdown equipment and no identified need for plant trip.
Also, fire boundaries are reviewed to ensure that a fire could not develop and
then spread to other areas that may contain safe shutdown equipment.

Phase Il - Quantitative evaluation of plant areas. This phase accounts for the
largest portion of effort for the fire hazard evaluation process. This portion of the
fire hazard evaluation consisted of the following three steps:

Step1 - identified individual and generic plant fire hazards and their
associated fire ignition frequencies for the unscreened plant fire areas and
zones. These values were used to generate initiating event frequencies
for the various plant areas. Within the EPRI FIVE documentation, this
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value is identified as "F1." If this value is less than 10, the area can be
screened from further consideration.

Step 2 - evaluated the plant model impacts caused by the fires of
concern. When taken with the fire damage analysis from Step 3
(described below), this generates a conditional core damage frequency,"
or "P2" value, as it is identified in the EPRI FIVE documentation.

Step 3 - supported the development of a PRA model to refine the resuits
of Step 2 by identifying the potential plant impacts due to fires in the
various areas through identification of plant component locations and
cable routing information.

From a quantitative standpoint, if the fire related core damage frequency,
or F2 value (= F1 x P2), is less than 10%, the area can be screened from
further consideration. If the area can not be screened from further
consideration, the assumptions used during the screening evaluation are
reviewed to evaluate the area for relaxation of overly conservative
assumptions. The various parts of Phase Il are then repeated as
necessary to complete the quantitative screening process.

For some plant areas, such as the Control Building and Turbine Building,
probabilistic models of fire behavior were used in lieu of deterministic fire
hazards techniques due to the difficulty in establishing specific fire
source/target scenarios.

Phase Il - Results and issues. The final phase of the fire evaluation process
consists of documentation of results and identification of any new or remaining
issues, including those addressed by the Sandia Fire Risk Scoping Study
(NUREG/CR 5088) and the evaluation of containment performance.

2.3.2 HIGH WINDS, EXTERNAL FLOODING, NEARBY FACILITY AND
TRANSPORTATION ACCIDENTS

A screening approach is used for evaluation of risk from high winds, external floods and
nearby facility/transportation events. The flowchart shown in the GL Supplement
(Figure 1 of Reference 2.3) is used as basic foundation of the screening approach.
Basically, the method consists of reviewing the analyses previously completed in
supporting of licensing, reviewing changes to plant environs since Operating License
(OL) issuance and verifying that the plant design conforms with the 1975 SRP criteria.

24 I[N ATION ASSEMBIL,

The IPEEE information consists of this repont, the supporting calculations, studies and
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‘ the references. The IPEEE report organization follows the standard table of contents

provided in Reference 2.4. Supporting calculations are retained by BFNP. To eliminate

duplication of paper, much information is incorporated by use of the references. These
references are either publicly available or retained by BFNP.

2.5 REFERENCES FOR EXAMINATION DESCRIPTION

2.1  TVA letter dated December 20, 1991, from O.J. Zeringue to U.S. NRC (RIMS
R08911220969).

2.2  Electrical Power Research Institute, "Fire Induced Vulnerability Evaluation
(FIVE)", EPRI TR-100370, April 1992,

2.3 "Individual Plant Examination of External Events (IPEEE) for Severe Accident
Vulnerabilities", Generic Letter 88-20, Supplement 4, June 28, 1991.

2.4 "Procedural and Submittal Guidance for the Individual Plant Examination of
_ External Events (IPEEE) for Severe Accident Vulnerabilities", U.S NRC NUREG-
1407.







3. SEISMIC ANALYSIS

The seismic portion of the IPEEE for BEN Units 1, 2, and 3 will be completed in conjunction with
the Generic Letter 87-02, Verification of Seismic Adequacy of Mechanical and Electrical Equipment
in Operating Reactors and the Unresolved Safety Issue A-46 program.







4. INTERNAL FIRE ANALYSIS

The Internal Fire analysis (attached) was prepared as a "stand alone" report based on the Fire Induced
Vulnerability Evaluation (FIVE) methodology developed by the Electrical Power Research Institute.
The paragraph numbering convention for the Internal Fires Analysis differs from the guidance
provided in NUREG 1407, Appendix C.
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Browns Ferry Nuclear Plant Unit 2

FIVE

Principal Analysts:

Rashid Abbas, F.P.E. (TVA) Fire Protection

Mitch Waller, P.E. (Delta Prime) Probabilistic Risk Assessment

Support Provided By:

Henry Jones (TVA) Probabilistic Risk Assessment

Don McCamy (TVA) Probabilistic Risk Assessment

Randy Mundy (TVA) Mechanical

Bill Aldredge (TVA) Electrical

Jackie Wright (TVA) Electrical

Bijan Najafi (SAIC) Peer Review

Bill Parkinson (SAIC) Peer Review

»

Also, portions of the information presented in this report were
developed as a result of Browns Ferry participation in the EPRI
Tailored Collaboration Project for the development of the FIVE

software.

Tennessee Valley Authority
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EXECUTIVE SUMMARY

This report documents the evaluation performed for Browns Ferry Unit 2 in
response to Supplement 4 to Generic Letter 88-20 to determine the plant
vulnerability to internal fire events. This evaluation is based on the Fire Induced
Vulnerability Evaluation (FIVE) methodology developed by the Electric Power
Research Institute (EPRI), as described in Reference 1.

The FIVE methodology consists of a progressive screening evaluation, in which
plant fire areas are screened from consideration based on qualitative information
(Phase 1) or by quantitative analysis (Phase Il). Phase | consists of screening
fire areas based on absence of safe shutdown components and lack of plant trip
initiators. None of the BFN areas were screened from consideration during this
phase. The quantitative analysis (Phase Il) then consists of an initial
quantitative evaluation (see Section 5), followed by a more detailed quantitative
evaluation (see Section 6) for areas that were not screened, based on a fire-
induced core damage frequency of less than 1E-06.

The initial quantitative evaluation consists of generating an area-specific fire
ignition frequency, then assuming that all fires totally engulf the affected area.
Plant components that could be affected by these fires were identified by plant
walkdowns. A "conditional core damage frequency" was generated for each
area by incorporating the failed components into revision 1 of the PRA plant
model. 15 of 34 total.areas were screened from further consideration, based on
fire ignition frequency, multiplied by the corresponding conditional core damage
frequency, being less than 1E-06.

The detailed quantitative evaluation was then performed for the remaining areas
(i.e. those that were not screened from consideration in Section §). These areas
included the Unit 1, 2 and 3 Reactor Buildings, the Control Building and Turbine
Building areas, in addition to 4kV Shutdown Board Rooms A, B, C and D and the
Unit 2 Battery and Battery Board Rooms. The Unit 2 Reactor Building was
evaluated for fire vulnerabilities by using the conventional fire hazard evaluation
techniques identified in Reference 1. Other areas, including the Control Building,
were evaluated by using a probabilistic approach to segment the evaluation into
individual cases for analysis.

Following the dsetailed evaluation process, all remaining plant areas were
screened from further consideration, confirming that there are no fire-induced
vulnerabilities associated with the continued operation of Browns Ferry Unit 2.







1. INTRODUCTION

This report describes the process used to evaluate fire hazards at Browns Ferry Nuclear
Plant Unit 2. This evaluation was performed in response to the Individual Plant
Examination for External Events (IPEEE) requested by Supplement 4 of Generic Letter
88-20. The methodology used to perform this examination is based on the Fire Induced
Vulnerability Evaluation (FIVE) methodology that was developed by the Electric Power
Research Institute (EPRI), as described in Reference 1. Section 1.1, below, provides an
overview description of the FIVE methodology. Section 1.2 describes the implementation
of this guidance for Browns Ferry.

1.1 Overview of the Fire Induced Vulnerability Evaluation (FIVE) Methodology

The EPRI FIVE documentation (Reference 1) was used as a basis for evaluation of fire
hazards and for screening fires from further consideration, based on a screening criteria
of less than 1E-06 core damage frequency due to fire related initiating events.

The FIVE docufnentation describes the fire evaluation process in three phases. The
steps involved in each of these phases are shown in Figure 1-1 and are described below.

Phase |l Qualitative screening and fire compartment interaction
analysis. During this phase, plant areas can be removed from
further consideration based on the absence of safe shutdown
equipment and no identified need for plant trip. Also, fire
boundaries are reviewed to ensure that a fire could not develop
and then spread to other areas that may contain safe shutdown
equipment..

Phase Il Quantitative evaluation of plant areas. This phase accounts for
the largest portion of effort for the fire hazard evaluation process.
This portion of the fire hazard evaluation consisted of the following
three steps: .

Phase Il (Step1) identified individual and generic plant fire
hazards and their associated fire ignition frequencies for the
unscreened plant fire areas and zones. These values were used
to generate initiating event frequencies for the various plant areas.
Within the EPRI FIVE documentation, this value is identified as
"F1." If this value is less than 1E-06, the area can be screened
from further consideration. ,
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Phase 1l (Step 2) evaluated the plant model impacts caused by
the fires of concern. When taken with the fire damage analysis
from Step 3 of Phase Il (described below), this generates a
"conditional core damage frequency," or "P2" value, as it is
identified in the EPRI FIVE documentation.

Phase Il (Step 3) supported the development of a PRA model to
refine the results of Step 2 of Phase Il by identifying the potential
plant impacts due to fires in the various areas through
identification of plant component locations and cable routing
information.

From a quantitative standpoint, if the fire related core damage
frequency, or F2 value (= F1 x P2), is less than 1E-06, the area
can be screened from further consideration. If the area can NOT
be screened from further consideration, the assumptions used
during the screening evaluation are reviewed to evaluate the area
for relaxation of overly conservative assumptions. The various
parts of Phase Il are then repeated as necessary to complete the
quantitative screening process. :

Phase lll Results and Issues. The final phase of the fire evaluation
process consists of documentation of results and identification of
any new or remaining issues, including those addressed by the
Sandia Fire Risk Scoping Study (NUREG/CR 5088) and the
evaluation of containment performance.

1.2 Implementation of the EPRI FIVE Methodology

The implementation of the EPRI FIVE methodology is shown in Figures 1-2 and 1-3. This
implementation is also described below.

Phase | The qualitative screening process is described in Section 3 of this
report. During this review, all plant fire areas were conservatively
assumed to contain safe shutdown components (SSC). Also, a
Fire Compartment Interaction Analysis (FCIA) was performed to
determine the potential for fire spread from an exposed
compartment to an adjacent unexposed compartment. No
insignificant compartments were identified through this process.
' Therefore, no areas were screened from consideration at this

point.







. " Phase Ii

The quantitative evaluation of fire hazard frequency was
performed in three steps, as described below. This process is
based on the guidance given in the EPRI FIVE documentation
(Reference 1).

Phase Il (Step 1) used the guidance in the EPRI FIVE
documentation directly to generate fire ignition frequencies (i.e.
"F1" values). These calculations are based on the plant-specific
data listed in Section 2. This process consisted of two sub-steps.
The first sub-step allocated a plant area fire ignition frequency,
based on the assignment of each plant location to a generic type
of area, such as switchgear rooms or cable spreading rooms. The
second sub-step then assigned fire ignition frequencies for
identified plant-wide components, such as hydrogen recombiners,
to each location. The calculation of fire ignition frequency for each
plant fire area, fire zone and compartment is shown in Attachment
B. This process is described in Section 4.

Phase Il (Step 2) performed a screening evaluation for each fire
area, zone and compartment. During this step, all fires were
assumed to engulf the affected area and result in a plant trip for
Unit 2. The probability for redundant/alternate system
unavailability, or "conditional core damage frequency” (i.e. "P2"
value) was calculated using the PRA plant mode! by incorporating
the potential fire impacts. Areas that had an overall frequency of
fire occurring and damaging safe shutdown components (F1 x P2
= F2, as described in the EPRI FIVE documentation) below the
screening criteria of 1E-06 were then screened from further
consideration, based on the EPRI FIVE gundance This step is
described in Section S.

Phase Il (Step 3) then performed a more detailed evaluation of
those areas that could not be screened from further consideration
in Step 2 of Phase Il. Due to the differences in area geometry,
fire sources and targets (i.e. exposed electrical raceways,
components, etc.), three methods of evaluation were used.

For Reactor Building areas, where likely fire ignition sources
were identified, a detailed review was made of the plant
components and cables that could potentially be impacted
within the zone of influence (ZOl) of each fire source. EPRI
FIVE fire modeling techniques were used to assess the
damage potential of each fire source.
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Also, EPRI FIVE guidance was used to calculate the
probability of target damage due to transient fire sources.
This process is described in Section 6.1.

Due to the specific nature of the Control Room, guidance for
the evaluation of this area was taken directly from Appendix
J of the Fire Risk Analysis Implementation Guide (Reference
4). This evaluation consisted of a review of the control
functions that could be affected by potential fires in various
locations within the Control Room and included allowance for
recovery of the unaffected control functions following fire
suppression.

For other plant areas, such as the Control Building and
Turbine Building, a probabilistic model of fire behavior (i.e. an
"event tree" methodology), was used to segment the area fire
frequency into individual cases for evaluation. This evaluation
is described in Section 6.2. This section includes a
discussion of the evaluation of those plant locations for which
multiple area fires were potentially of concern following the
Fire Compartment Interaction Analysis (FCIA) performed in
Phase I. Deterministic fire hazard assessment techniques,
such as those used for Reactor Building areas, were not used
for these remaining areas due to the difficulty in establishing
specific fire source/target scenarios. Also, the detailed level
of evaluation required for deterministic fire modeling was
impractical for areas such as the Turbine Building. Also,
deterministic methods were not judged to significantly
enhance the fire damage assessment. A probabilistic
approach was therefore selected as the most efficient method
of assessing the fire damage potential for these areas.

Phase lll The results of the fire hazard evaluation are shown in Section 7.
This section lists the location within this report for the screening
evaluation of all plant locations.

Finally, the resolution of outstanding fire-related issues, including
response to the issues arising from the Sandia Laboratories Fire
Risk Scoping Study (NUREG/CR-5088) is described in Section 8.

Revision 1 to the PRA plant model was used to perform the quantitative portions of this
evaluation. This revision incorporates numerous individual changes, primarily in the area
of plant response to loss of offsite power, to the Revision 0 plant model that was
described in the initial IPE submittal.
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2. PLANT SPECIFIC DATA

The Browns Ferry Nuclear Plant is located along the Tennessee River in northern
Alabama. The plant data described in this report is specific to Unit 2, but includes
potential fire ignition sources that are located in the Unit 1 and Unit 3 Reactor Buildings.

2.1 Number of Units and Plant Locations

The Browns Ferry Nuclear Plant consists of three similar boiling water reactor (BWR)
units, which are located adjacent to each other. Each unit has a dedicated Reactor
Building and Units 1 and 2 share a common Diesel Generator Building. The Unit 3 Diesel
Generator Building is located opposite the Unit 1 and 2 Diesel Generator Building, on the
other side of the Unit 3 Reactor Building. All three units share a common Turbine
Building, Intake Structure and Switchyard. The common Control Building area is located
between the Turbine Building and the Reactor Buildings. All three Control Room areas
are located on the same elevation of the Control Building, with the Unit 1 and 2 Control
Room areas located in the same room. Two Cable Spreading Rooms are located below
the Control Room elevation, as shown in Figure 3-2.

The unit 1 and 2 essential 4kV switchgear is divided among four shutdown board rooms,
with shutdown board rooms A and B located in the Unit 1 Reactor Building and shutdown
board rooms C and D located in the Unit 2 Reactor Building. Each of these rooms is
analyzed as an individual fire area, which is separated from other plant fire areas by rated
barriers. The Unit 3 essential 4kV switchgear is located in 4kV shutdown board rooms
‘BEA, 3EB, 3EC and 3ED. All four of these rooms are located in the Unit 3 Diesel
Generator Building.

Essential AC loads are assigned to shutdown boards, which are normally powered from
shutdown bus 1 (4kV shutdown boards A and B) or shutdown bus 2 (4kv shutdown
boards C and D). Shutdown bus 1 is normally supplied from Unit 1 4kV unit board 1A
and shutdown bus 2 is normally supplied from Unit 2 4kV unit board 2A. Unit boards 1B
and 2B act as alternate supplies for shutdown buses 2 and 1, respectively, such that each
shutdown bus has one supply line from each unit.

The plant unit boards are normally aligned to receive power from the main generator and
the 500KV ring bus at each unit, such that a turbine trip will result in a shift to the startup
bus for one of the shutdown buses, while the other shutdown bus remains unaffected.
The startup buses are supplied from an independent offsite 161 kV source, which is
supplied from Athens and Trinity, AL.

The first part of the fire ignition frequency calculation methodology described in the FIVE
documentation requires that the various plant areas be assigned to generic types.
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The types of generic areas identified within the FIVE methodology and the number of
areas of each type identified at Browns Ferry are listed in Table 2-1, below.

Table 2-1
Tabulation of Generic Plant Area Types
Plant Location Number of Similar
Locations
Battery Room 3
Cable Spreading Room 1
Control Room 1
Diesel Generator Room 2
Intake Structure 1
Radwaste Area 1
Reactor Building (BWR) 3
Switchgear Room 15
Transformer Yard 1
Turbine Building 1

2.2 Fire Areas, Fire Zones and Compartments

The Browns Ferry Nuclear Plant Appendix R Analysis (Reference 18) considered 25
separate fire areas at the plant. Each of these areas is separated from any other

- adjacent fire areas by rated fire barriers. Of these areas, fire area 2, the Unit 2 Reactor

Building, was further subdivided into 6 separate fire zones, as shown in Figure 3-1. Due
to the availability of non-combustible barriers capable of substantially confining fires within
the area, the following two additional fire areas were subdivided into compartments,
specifically for this analysis: ‘

Fire Area 16, Control Building, which includes the lower level Computer,
Equipment and Auxiliary Instrument Rooms (compartment 16-1), the Cable
Spreading Rooms (compartment 16-2) and the Control Room area itself
(compartment 16-3). The general layout of the Control Building is shown in
Figure 3-2. .
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‘ Fire Area 25, Turbine Building, which includes the Turbine Building itself
(compartment 25-1), the Pipe Tunnel (compartment 25-2) and the Intake Pump
Station (compartment 25-3), as shown on Figure 3-3.

For purposes of this analysis, the terms fire area, fire zone and compartment will be used
interchangeably to indicate the evaluation of an individual plant area.

, Table 2-2
Browns Ferry Fire Areas, Fire Zones and Compartments

Area Description

1 Unit 1 Reactor Building

2-1 Unit 2 Reactor Building, 519’ through 565’ Elevation
(West side of Torus Area and Main Floor)

| 2-2 Unit 2 Reactor Building, 519’ through 565’ Elevations
‘ (East side of Torus Area and Main Floor)

2-3 Unit 2 Reactor Building, 593’ Elevation, North Side

‘ 2-4 Unit 2 Reactor Building, 593’ Elevation, South Side and RHR
‘ Heat Exchanger Rooms

2-5 Unit 2 Reactor Building, 621’ Elevation and North Side of 639’
Elevations

2-6 Unit 2 Reactor Building, South Side of 639 Elevation
3 Unit 3 Reactor Building

4 4kV Shutdown Board Room B (Unit 1 Reactor Building, 593’
Elevation)

5 4kV Shutdown Board Room A and 250V Battery Room (Unit 1
Reactor Building, 621’ Elevation)

6 480V Shutdown Board Room 1A (Unit 1 Reactor Building, 621’
Elevation) ;

7 480V Shutdown Board Room 1B (Unit 1 Reactor Building, 621’
Elevation)

8 4kV Shutdown Board Room D (Unit 2 Reactor Building, 593’
Elevation)







‘ Table 2-2 b
Browns Ferry Fire Areas, Fire Zones and Compartments

l Area Description

9 4kV Shutdown Board Room C and 250V Battery Room (Unit 2
Reactor Building, 621’ Elevation)

10 480V Shutdown Board Room 2A (Unit 2 Reactor Building, 621’

Elevation)

11 480V Shutdown Board Room 2B (Unit 2 Reactor Building, 621’
Elevation)

12 Shutdown Board Room F (Unit 3 Reactor Building, 593’
Elevation) ‘

13 Shutdown Board Room E (Unit 3 Reactor Building, 6?1’
Elevation)

14 480V Shutdown Board Room 3A (Unit 3 Reactor Building, 621’
Elevation)

15 480V Shutdown Board Room 3B (Unit 3 Reactor Building, 621’

. Elevation)

16-1 Control Building - 593’ Elevation
16-2 | Cable Spreading Rooms (Control Building, 606’ Elevation)
16-3 | Control Rooms (Control Building, 617’ Elevation)
17 Unit 1 Battery and Battery Board Rooms (Control Building, 593’

Elevation)
18 Unit 2 Battery and Battery Board Rooms (Control Building, 593’
Elevation) .
19 Unit 3 Battery and Battery Board Rooms (Control Building, 593’
Elevation)

20 Unit 1 and 2 Diesel Generator Building
21 Unit 3 Diesel Generator Building

22 4kV Shutdown Board Rooms 3EA and 3EB, (Unit 3 Diesel
Generator Building, 583’ Elevation)

- 23 4kV Shutdown Board Rooms 3EC and 3ED (Unit 3 Diesel
Generator Building, 583" Elevation)
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Table 2-2
Browns Ferry Fire Areas, Fire Zones and Compartments

Area Description

24 4kV Bus Tie Board Room (Unit 3 Diesel Generator Building,
565’ Elevation)

25-1 | Intake Pump Station
25-2 Pipe Tunnel
25-3 | Turbine Building

Each of these plant fire areas, fire zones and compartments was then assigned to a
generic type of area, as described in Section 2.1, above. The allocation of fire ignition
frequency among these areas, based on the type of plant location, is shown in the
individual calculation sheet for each area in Attachment B.

Yard area fires, including the potential for propagation to the Turbine Building, were
separately considered in Section 6.2.14. )

2.3 Plant Wide Components

Following the generation of fire ignition frequencies by generic plant areas (described
above), the EPRI FIVE documentation provides guidance for the assignment of fire
ignition frequency for specific components that are located throughout the plant, such as
electrical transformers, battery chargers, air compressors and ventilation subsystems.
The specific plant locations for these components were then used to assign the remainder
of the plant fire ignition frequency. These calculations are shown in the individual
worksheets for each area shown in Attachment B.

The total number of plant-wide components of each type is summarized in Table 2-3,
below.







Table 2-3
Tabulation of Plant-Wide Fire Ignition Sources

Type of Component | Number
Air Compressors 26
Battery Chargers 34
Fire Protection Panels 40
Non-Qualified Junction Boxes 7 12,000

(Allocated by Millions
of BTU of Cable)

Non-Qualified Cable 12,000
(In Millions of BTU)

Offgas/Hydrogen Recombiners 3
Motor Generator Sets 31
Transformers (Indoor) 47

Ventilation Subsystems ‘289

N
2.4 Cables (Heat of Combustion)

Allocation of combustible loading and fire ignition frequency due to cable insulation among
plant areas is shown in Attachment B. In general, cable insulation is distributed among
the plant buildings as follows: |

Turbine Building 55%
Reactor Buildings 31%
Control Building 13%
Other Areas 11%

Total 100%

2.5 Types of Automatic Fire Suppression Systems

The failure and unavailability rates for the various types of automatic ﬁre“suppression
systems installed at the Browns Ferry plant are summarized in Table 2-4, below.
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Table 2-4
Failure/Unavailability Rates for
Automatic Fire Suppression Systems
Type of Automatic Failure Probability/
Suppression System Unavailability Rate
Carbon Dioxide (CO,) 4.0E-02
Halon 5.0E-02
Preaction System 5.0E-02
Wet Pipe Sprinkler System 2.0E-02
Deluge Sprinklers 5.0E-02

2.6 Sprinkler and Fire Detection Device Data

Sprinkler and fire detection device data is summarized in Table 2-5, below, for the
devices installed at the Browns Ferry Nuclear Plant.

Table 2-5
Sprinkler and Fire Detection Device Data
Rated
Type Detector Time Actuation Spacing
Name Constant Temperature ‘
Smoke lonization/ 10 128° F ~30 fest
* | Photoelectric
Heat Rate 83 (RT1) 136° F Varies
Compensated
Standard 100 175° - 286° F ~10 to 12 feet
Sprinkler 1 quick 30 175° - 200° F ~10 to 12 feet
Response . 165°F ~10 feet (Cable
Spreading Room)
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3. QUALITATIVE SCREENING PROCESS (PHASE I)

During the fire hazard evaluation process, each fire area, fire zone and plant compartment
was reviewed for potential impact on safe shutdown components (SSC) by fire. If a given
plant area contains no safe shutdown components (SSC) and a plant trip initiator (PTI)
does not exist due to fires in the area, the area can be screened from further
consideration, provided that there is no potential of a fire spreading (PFS) to another area
that does contain safe shutdown equipment or would result in a plant trip. The PFS from
one compartment to "another is evaluated under the Fire Compartment Interaction
Analysis (FCIA), which is described in Section 3.3, below.

For the Browns Ferry Fire Hazard Evaluation, all plant fire areas were retained through
this qualitative screening process.

3.1 Plant Safe Shutdown Systems

For purposes of this analysis, the plant safe shutdown systems are defined as those
identified in the Level 1 PRA report (Reference 12). Each of these systems is divided into
top events, which define the success or failure of a given system function. Partial
degradation, such as the loss of one train of components within a multiple train system,

is identified by the use of split fractions, which modify the failure rate for the given top
event to account for available system components. '

3.2 Fire Area Versus Safe Shutdown System Function Evaluation

For the purposes of the qualitative screening process, all plant fire areas, fire zones and
compartments were assumed to contain safe shutdown components. Therefore, none
of these plant areas were screened from consideration on this basis.

3.3 Fire Compartment Interaction Analysis (FCIA)

The EPRI FIVE guidance gives the following 6 criteria for screening the potential for a
fire to spread across a fire boundary from further consideration: .

1) Compartments that would have no adverse effect on safe shutdown
capability.

2)  Area boundary is fire rated at 2 or 3 hours.

3)  Area boundary is fire rated at 1 hour with combustible loading below
80,000 BTUI/E. :
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4) The exposing compartment has a low combustible loading (|ess than
20,000 BTU/f?) and automatic fire detection.

5) The exposing and the exposed compartments both have a low
combustible loading (less than 20,000 BTU/?) and automatic fire
detection. .

6) Automatic fire suppression is installed over combustibles in the area and
will prevent spread to adjacent compartments.

If.a given area was confirmed to not contain safe shutdown components (SSC), did not
have the potential to initiate a plant trip, either manual or automatic (PTI) and did not
have a potential for fire spread (PFS) into an adjacent area that is not screened, the area
can be screened from further consideration, based on qualitative analysis. For purposes
of this evaluation, all areas were retained for quantitative evaluation.

For the following plant fire areas, all boundaries that are adjacent to other plant fire areas
were confirmed to consist of fire rated boundaries with ratings of 2 to 3 hours. Therefors,
the potential for fire spread into or out of these areas can be screened from further
consideration, based on screening criteria 2, above. .

Fire Area 1 Unit 1 Reactor Building

Fire Area 2 Unit 2 Reactor Building

Fire Area 3 Unit 3 Reactor Building

Fire Area 4 4kV Shutdown Board Room B

Fire Area 8 4kV Shutdown Board Room D

Fire Area 12 Shutdown Board Room F

Fire Area 16’ Control Building

Fire Area 20 Unit 1 and 3 Diesel Generator Building
Fire Area 21 Unit 3 Diesel Generator Building

Fire Area 25 Turbine Building

Fire Areas 2, 16 and 25 were further subdivided into Separate fire zones and
compartments.

The results of the Fire Compartment Interaction Analysis for remaining plant fire areas,
including the fire zones and compartments within fire areas 2, 16 and 25, are summarized
in Table 3-1, below.




(for locations that are not bounded by 2 to 3 hour barriers)

Table 3-1
Fire Compartment Interaction Analysis

Fire Area, Adjacent SSC 'PTI PFS | Screening | Comment
Fire Zone or Area (See (See Criteria
Compartment Note 1) | Note 2)
2-2 Yes Yes Yes (Note 6) 5,89
21 2-3 Yes Yes No 3,6 1,5,8,9
2-4 Yes Yes No 3,6 1,5 8,9
2-3 Yes Yes No 3,6 1,5,8,9
2-2 2-1 Yes Yes Yes | (Note 6) 5,89
2-4 Yes Yes No 3,6 1,5,8,9
2-1 Yes Yes No 3,6 1,58, 9
2.3 2-2 Yes Yes No 3,6 1,5,8,9
‘ 2-4 Yes Yes Yes | (Note 6) 538,09
2-5 Yes Yes No 3,6 1, 8,9
2-1 Yes Yes No 3,6 1, 8,9
0.4 2-2 Yes Yes No 3, 6 1, 8,9
2-3 Yes Yes Yes | (Note 6) 8,9
2-5 Yes Yes No 3,6 1, 8,9
2-3 Yes Yes "‘No 3,6 1, 8,9
2-5 2-4 Yes Yes No 3,6 1,89
2-6 Yes Yes Yes | (Note 6) 1,8, 9
2-6 2-5 Yes Yes Yes | (Note 6) 1,8
6 Yes Yes No 3 1,5
S 7 Yes Yes No 3 1,5
5 Yes Yes No 3 1,5
.6 7 Yes Yes No 3 1,5
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Fire Compartment Interaction Analysis

Table 3-1

(for locations that are not bounded by 2 to 3 hour barriers)

Fire Area, Adjacent Mening Comment
Fire Zone or Area (See (See Criteria
Compartment Note 1) | Note 2)
Yes Yes No 3 ,
7 6 Yes Yes No 3 ,

10 Yes Yes No 3 1,5, 8

9 11 Yes Yes No 3 1,5,8

9 Yes Yes No 3 1, 5,8

10 11 Yes Yes No 3 1,5,8

9 Yes Yes No 3 1,5,8

1 10 Yes Yes No 3 1,5, 8

14 Yes Yes No 3 1,5,8

13 15 Yes Yes No 3 1,58

13 Yes Yes No 3 1,5, 8

14 15 Yes Yes No 3 1, 5,8

13 Yes Yes No 3 1,5, 8

15 14 Yes Yes No 3 1,5, 8

16-2 Yes Yes Yes (Note 3) 58

161 17 Yes Yes No 3,6 1,5,8,9
18 Yes Yes No 3,6 1,5,8, 9
19 Yes Yes No 3,6 1,5,8,9

16-1 Yes Yes No 6 7,89

16-3 Yes Yes No 6 7,8,9
16-2 17 Yes Yes No 6 1,7,8,9
18 Yes Yes No 6 1,7,8,9
19 Yes Yes No 6 1,7,8,9
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Table 3-1
Fire Compartment Interaction Analysis
(for locations that are not bounded by 2 to 3 hour barriers)

Fire Area, Adjacent SSC PTI PFS | Screening | Comment
Fire Zone or Area (See (See Criteria
Compartment Note 1) | Note 2)
16-3 16-2 Yes Yes No (Note 4) 6,8
* 16-1 Yes Yes | No 3 1,5,8
17 16-2 Yes Yes No 3 1, 5,8
16-1 Yes Yes No 3 1,5, 8
18 16-2 Yes Yes No - 3 1,5, 8
« 16-1 Yes Yes No 3 1,5, 8
1,9 16-2 Yes Yes No 3 1,5, 8
23 Yes Yes No 3 1,5, 8
22 24 Yes Yes | No 3 1,5,8
22 Yes Yes No 3 1,5, 8
23 24 Yes Yes No 3 1,5, 8
22 Yes | Yes No 3 1,5,8
24 23 Yes Yes No 3 1,5, 8
25-2 Yes Yes No 2 (Note 5)
25-1 25-3 Yes Yes No 2 (Note 5)
25-1 Yes Yes | No 2 (Note 5)
252 25-3 Yes Yes No 2 (Note 5)
25-1 Yes Yes No 2 (Note 5)
25-3 25-2 Yes Yes No 2 (Note 5)







‘ Notes:

(1)  Forpurposes of the qualitative screening analysis, all plant compartments
were conservatively assumed to contain safe shutdown or IPE plant
model components.

(2) For purposes of the qualitative screening analysis, fires in all plant areas
were conservatively assumed to result in either manual or automatic plant
trip.

(8) The potential for fire spread from compartment 16-1 to 16-2 is discussed
in Section 3.3.1, below. The detailed evaluation of this potential multiple
area fire is presented in Section 6.2.7.

(4) The potential for fire spread from compartment 16-3 to 16-2 is discussed
in Section 3.3.1, below.

(5) Separation between Turbine Building compartments is described in
Section 3.3.2, bslow.

(6) Unit 2 Reactor Building fire zones 2-1/2-2, 2-3/2-4 and 2-5/2-6 are
separated by 20 foot boundary areas, as shown in Figure 3-1, but there
is no physical boundary between these fire zones. Therefore, heat and
products of combustion could propagate from one compartment to the
adjacent compartment. Evaluation of fire propagation of various fire
sources in these areas is discussed in the detailed analysis presented in
Section 6.1.

Comments for Table 3-1 are keyed as follows:

1) 1 hour fire barriers separate compartments.

2) 2 hour fire barriers separate compartments.

3) 3 hour fire barriers sep'arate compartments.

4) Very low combustible loading in exposing compartment (less than 15
minute fire severity).

5) Low combustible loading in exposmg compartment (Iess than 1 hour fire
severity).

6) Moderate combustible loading in exposing compartment (between 1 and

' 2 hour severity).
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7) High combustible Ioadirfg in exposing compartment (over 2 hour fire
severity).

8) Automatic fire detection in exposing compartment.
9) Automatic fire suppression in exposing compartment.

10)  Very low combustible loading in exposed compartment.

3.3.1 Potential for Fire Spread Between Control Building Compértments

The Control Building consists of 3 main compartments, which are separated by floor
elevation. The top elevation comprises the Control Rooms themselves, with the level
below containing the Cable Spreading Rooms. The lowest elevation then contains other
instrument and computer areas. This layout is shown in Figure 3-2.

Potential for fire spread from compartment 16-1 to 16-2. Compartment 16-1 comprises

the 593 foot elevation of the Control Building, with the exception of the Unit 1, Unit 2 and
Unit 3 battery and battery board rooms (fire areas 17, 18 and 19, respectively), as shown
in Figure 3-2. Compartment 16-2 is the Cable Spreading Room area, which is located
above at the 606 foot elevation. Addressable photoelectric smoke detectors are provided
for the entire 16-1 compartment, including the MG set rooms, corridor, mechanical
equipment room, communication room, computer rooms, auxiliary instrument rooms,
process computer room, etc. for early warning fire detection, both locally and in the
Control Room. Fire suppression coverage is provided for the majority of the areas that
contain any significant level of combustibles. However, manually actuated suppression
systems are provided in lisu of automatic systems in most areas to reduce the possibility
of inadvertent actuation of toxic fire suppressants into a Control Building environment.
Fire suppression systems are provided as follows:

Process computer room Automatic Halon system

Auxiliary instrument rooms 1, 2 and 3 Manual CO, systems
Computer rooms 1, 2 and 3 Manual CO, systems

Hose stations and fire extinguishers are available throughout the area. Any fire in this
area will be promptly detected due to the area wide detection coverage. If a significant
fire did develop in this area, it would be contained and extinguished by the available fire
suppression systems. The concrete floor slab separating these two compartments is
equivalent to a fire resistance rating of 1.5 hours. However, penetrations exist in the slab
which may not be sealed to meet the fire resistance rating of the floor itself. While these
pensetrations present a minimal potential for fire propagation to the Cable Spreading
Room, the potential for this fire is, conservatively, being considered.
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The quantitative evaluation of an unsuppressed fire developing in compartment 16-1 and
growing to include compartment 16-2 is discussed in Section 6.2.7.

Potential for fire spread from compartment 16-3 to 16-2. Compartment 16-3 (Control
Rooms) is located at the 617 foot elevation of the Control Building, directly above
compartment 16-2 (Cable Spreading Rooms), which is located at the 606 foot elevation,
as shown in Figure 3-2.

Addressable photoelectric smoke detectors are provided throughout compartment 16-3,
including detectors located within the control panels themselves. Automatic fire
suppression is not provided within the Control Room area. However, hose stations and
fire extinguishers are located throughout the area to allow manual fire suppression. This
area is occupied by plant operations personnel at all times. A fire is not likely to develop
in this area without being detected. Thus, the fire can be quickly controlled and
extinguished. Also, a fire will tend to propagate upward and is not likely to propagate
down from the 617 foot elevation to the 606 foot elevation and a fire in the Control room
(compartment 16-3) propagating to the Cable Spreading Rooms (compartment 16-2) will
not have the potential to damage more equipment than a fire in the Control Room alone.
Therefore, a fire in compartment 16-3 is not judged likely to propagate to compartment
16-2. '

3.3.2 Potential for Fire Spread Between Turbine Building Compartments

The Turbine Building fire area is segmented for this analysis into 3 compartments, as
shown on Figure 3-3. The Intake Pump Station and its associated Cable Tunnel
comprise compartment 25-1 and the Pipe Tunnel area comprises compartment 25-2. The
Turbine Building itself then comprises compartment 25-3.

Potential for fire spread between compartments 25-1 and 25-3. The Intake Pump Station,
compartment 25-1, is connected to the Turbine Building, compartment 25-3, through an
underground Cable Tunnel, as shown in Figure 3-3. The Cable Tunnel runs
approximately 650 feet from the Intake Pump Station at the 550 foot elevation to the
electrical cable shaft, which opens into the Turbine Building at the 565 foot elevation.
The entire Cable Tunnel and the cable shaft are constructed of reinforced concrete,
exceeding a 3 hour fire resistance rating. The cable shaft extends approximately 8 feet
above the Turbine Building floor at the 565 foot elevation. The Cable Tunnel is protected
with an automatic fire detection system (smoke and linear beam detectors) that provide
annunciation in the Control Room. Entrance to the Cable Tunnel shaft is strictly
controlled by plant security personnel. The grated steel door entrance to the shatt is kept
locked at all times. No combustibles are stored in the Cable Tunnel, therefore no fire
exposure hazard is present. The cables in the cable trays are coated with a flame.
. retardant material (Flamastic) or are qualified to IEEE-383 standards.







An internally generated cable tray fire is judged to be unlikely, since the circuits are
protected with a fuse or circuit breaker that will actuate to isolate the cable prior to the
jacket of a faulted cable reaching its auto-ignition temperature or reaching its insulation
damage temperature for all credible low impedance and bolted faults. Therefore, as
described above, compartments 25-1 and 25-3 are separated by barriers exceeding 3
hour fire resistance ratings, with the exception of the opening to the Cable Tunnel shaft
itself. The unique configuration of this opening, however, as well as the protective
features provided, will limit the potential of fire spread from one compartment to the other.

Fire spread between these areas is therefore screened from further consideration based
on EPRI FIVE criterion 2.

Potential for fire spread between compartments 25-2 and 25-1 or 25-3. The Pipe Tunnel
below the Turbine Building, compartment 25-2, is located at the 565 foot elevation and
is separated from compartment 25-1 by a 15 inch reinforced concrete wall that exceeds
a 3 hour fire rated construction. Therefore, fire growth between these areas can be
screened from further consideration, based on EPRI FIVE criterion 2. Since there are
negligible amounts of combustible materials located in the Pipe Tunnel, compartment 25-
2, there is minimal potential for fire spread to compartment 25-3. There are two interface
points between these compartments, which are located at stairwells 12 and 19, as shown
in Figure 3-3.

For a fire to spread from one of these areas to the other, either

1. The fire would have to spread from stairwell 12, down to the backwash receiving
room (533.0-T-1), through door 211 and then up the ladder to the entrance of
the Pipe Tunnel (point 2).

2. The fire would have to spread from stairwell 19, down to the backwash receiving
room (533.0-T-3), up a ladder into the Pipe Tunnel access.

Neither of these propagation paths is judged to be credible. Therefore, the potential for
fire spread between these areas along these paths is not separately considered and fire
growth between these areas can be screened from further consideration, based on EPRI
FIVE criterion 2. .

Potential for fire spread between the Turbine Building and the Service/Radwaste Building.
The Turbine Building (compartment 25-3) is also adjacent to the Service/Radwaste
Building. These areas are separated by a reinforced concrete wall, with the main access
between them continuously manned. Doors between these areas are of heavy steel
construction. Few penetrations exist in the adjacent wall. Therefore, fire propagation
between these areas is judged to be unlikely. It was also noted during this review that
the Service/Radwaste Building area does not contain any safe shutdown components or
plant trip initiators.
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4. PHASE II.1 - CALCULATION OF FIRE IGNITION FREQUENCY (F1)

All plant fire areas were retained through the qualitative screening process for quantitative
evaluation in Phase Il of the FIVE methodology. In Phase Il.1, fire ignition frequencies
are generated for each of these areas. These frequencies are generated in the following
stepwise fashion:

1. Each plant area is assigned to a generic "type" of area, such as a Reactor
Building area or a switchgear room.

‘2. Based on this assignment, generic plant fire frequencies are assigned to each
" plant specific location, based on features of the area, such as the number of
pumps and panels for Reactor Building areas.

3. Following the allocation of fire frequency by plant area, identified plant wide
components, such as elevator motors, are located within the individual areas of
the plant and the associated fire ignition frequency is allocated to the area,
based on a plant specific weighting for each of the given components. This
allocation process is described in the EPRI FIVE documentation

Following quantification of the fire ignition frequency, the area may be screened from
further consideration on the following quantitative basis:

If the fire ignition frequency (F1) for the area is less than 1E-06, the area can be
screened from further consideration.

As a practical matter, this screening criteria is rarely used to remove an area from further
consideration, due to the relatively high (i.e. compared to 1E-06) fire ignition frequency
associated with virtually any fire source in the plant.

The FIVE documentation (Reference 1), then, provides a basis for the generation of fire
ignition frequencies for each of the areas, zones and compartments throughout the
Browns Ferry plant. In general, this consists of allocation of a "generic" frequency based
on either plant location or the presence of certain "plant-wide" components that were
identified as fire sources during the EPRI review of the Fire Events Database (FEDB), as
described in NSAG/178L.

The actual calculation of fire area ignition frequency is shown in Attachment B to this
repont. It should be noted that these fire ignition frequencies represent all fires that could
be expected to occur in the plant, regardless of fire severity or whether the fire would
cause or result in a plant trip. For reference, the fire ignition frequencies generated for
the Browns Ferry plant areas are listed in Table 4-1, below.







Table 4-1
Fire Area. Ignition Frequencies

Area Description Frequency
(All Fires)
1 Unit 1 Reactor Building 9.239E-02
2-1 Unit 2 Reactor Building, 519’ through 565’ 1.870E-02
Elevations (West side of Torus Area and Main
Floor) :
2-2 Unit 2 Reactor Building, 519’ through 565’ 1.737E-02
Elevations (East side of Torus Area and Main
Floor)
2-3 Unit 2 Reactor Building, 593’ Elevation, North Side |. 5.335E-03
2-4 Unit 2 Reactor Building, 593’ Elevation, South Side | 2.092E-02
and RHR Heat Exchanger Rooms
2-5 Unit 2 Reactor Building, 621’ Elevation and North 2.869E-02
Side of 639’ Elevations
2-6 Unit 2 Reactor Building, South Side of 639" 1.962E-02
: Elevation
3 Unit 3 Reactor Building 9.260E-02
4kV Shutdown Board Room B (Unit 1 Reactor 6.743E-03
Building, 593’ Elevation)
5 4kV Shutdown Board Room A and 250V Battery 8.569E-03
Room (Unit 1 Reactor Building, 621’ Elevation)
6 480V Shutdown Board Room 1A (Unit 1 Reactor 6.644E-03
Building, 621’ Elevation)
7 480V Shutdown Board Room 1B (Unit 1 Reactor 6.644E-03
Building, 621’ Elevation)
8 4kV Shutdown Board Room D (Unit 2 Reactor 6.644E-03
Building, 593' Elevation)
9 4kV Shutdown Board Room C and 250V Battery 8.074E-03
Room (Unit 2 Reactor Building, 621’ Elevation) :
10 480V Shutdown Board Room 2A (Unit 2 Reactor 6.644E-03

Building, 621’ Elevation)







Table 4-1
Fire Area Ignition Frequencies

Area Description Frequency
(All Fires)
11 480V Shutdown Board Room 2B (Unit 2 Reactor 6.644E-03
Building, 621’ Elevation)
12 Shutdown Board Room F (Unit 3 Reactor Building, | 7.247E-03
593’ Elevation)
13 Shutdown Board Room E (Unit 3 Reactor Building, | 7.148E-03
621’ Elevation)
14 480V Shutdown Board Room 3A (Unit 3 Reactor 6.644E-03
Building, 621' Elevation)
15 480V Shutdown Board Room 3B (Unit 3 Reactor 6.644E-03
Building, 621’ Elevation)
16-1 Control Building - 593’ Elevation 5.892E-02
16-2 | Control Building - 606’ (Cable Spreading Room) 1.344E-02
16-3 | Control Building - 617’ (Control Room) 3.534E-02
17 Unit 1 Battery and Battery Board Room, 2.194E-02
Control Building 593’ Elevation
18 Unit 2 Battery and Battery Board Room, 2.094E-02
Control Building 593’ Elevation
19 Unit 3 Battery and Battery Board Room, 2.094E-02
Control Building 593’ Elevation
20 Unit 1 and 2 Diesel Generator Building 1.241E-01
21 Unit 3 Diesel Generator Building 1.237E-01
22 4kV Shutdown Board Room 3EA and 3EB, 6.674E-03
583’ Elevation, Unit 3 Diesel Generator Building
23 4kV Shutdown Board Room 3EC and 3ED, 6.674E-03
583’ Elevation, Unit 3 Diesel Generator Building
24 4kV Bus Tie Board Room, 565’ Elevation, 6.660E-03

Unit 3 Diesel Generator Building
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Table 4-1
Fire Area Ignition Frequencies

Area Description Frequency

(All Fires)

25-1 Intake Pump Station 3.581E-02

25-2 Pipe Tunnel 9.875E-06

25-3 | Turbine Building 4.500E-01
Total Plant Fire Frequency (for 3 units) 1.305
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‘ 5. PHASE I1.2 - QUANTITATIVE SCREENING

Following the generation of the fire ignition frequencies for each of the fire areas that
remain for further quantitative evaluation, each plant area must be evaluated for the
probability of core damage, given an assumed engulfing fire in the area and the
unavailability of safe shutdown components located outside the area of the fire. Within
the EPRI FIVE documentation, this probability is identified as P2.

Plant area walkdowns were performed to confirm the impacts that a potential fire in a
given area could have on plant equipment required for safe shutdown, as identified in the
IPE plant model. This included any potential impacts on electrical cables. These
walkdowns are described in Attachment D.

Once the conditional core damage frequency, or P2 value, has been generated for each

of the fire areas under consideration, these values can be combined with the fire ignition

frequencies (F1 values) from Table 4-1 to calculate an upper bound core damage

frequency (F2 = F1 x P2). If this value is less than 1E-08, the area can be screened from
further consideration. The potential for fire-induced containment bypass scenarios for

areas that are screened from further consideration with a fire-related core damage

frequency above 1E-07 is discussed separately in Section 5.3.

“ The core damage frequency generated by this process (F2) is considered to be an upper
bounding value for the following reasons:: .

1. All fires in a given area are assumed to either cause and automatic plant trip or
result in a manual reactor scram, regardless of fire severity or location. Where
equipment failure in an area could possibly result in an automatic plant trip, such
as MSIV closure, that form of initiating event was used to quantify the plant
modsl. This is conservative in that many of the fires listed in the EPRI Fire
Events Database (NSAC/178L) were suppressed without power reduction or
plant trip.

2. All fires in a given area, regardless of severity, location or available suppression
and detection systems, are assumed to engulf the area, failing all safe shutdown
components and support cables in the area.

The reader should therefore be cautioned against interpreting these values as any more
than the results of a bounding analysis, which is performed to enable a screening of less-
significant areas from further consideration and identifying those areas for which a
detailed analysis of fire hazards is warranted.

The evaluation of each fire area is described in Section 5.1, below. The results of this
evaluation are then summarized in Section 5.2. For those areas that were not screened
‘ from further consideration in this process, detailed analysis is performed in Section 6. -
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These areas that were not screened in this section are listed in Table 6-1.

5.1 IPE Level 1 Shutdown Sequence and Unavailabllity (P2)

Given the plant impacts for an assumed engulfing fire in a given area, the Level 1 plant
model from the IPE is used to develop a list of core damage scenarios, based on the
likelihood of hardware failure and equipment unavailability. These core damage scenarios
are then totalled and normalized to reflect an initiating event frequency of 1.0. This gives
what is known as the conditional core damage frequency for the fire event under
consideration, which corresponds to the P2 value described in the EPRI FIVE
documentation. This conditional value is then multiplied by the fire frequency to generate
a fire-related core damage frequency (P2 x F1 = F2).

This evaluation is performed by manually modifying the plant model logic, or rule,
structure to incorporate the random and fire-induced failures of given plant components,
as reflected in the use of failed of degraded "split fraction" values for the impacted "top
events." These top events are used within the plant model logic structure to model the
various individual plant system functions. For reference, the top events used within the
Browns Ferry Level 1 plant model are listed in Table 3-1. This listing is in the order in
which these system functions are questioned within the plant model.

If the cause of plant trip (i.e. loss of offsite power, MSIV closure, etc.) is known, the pre-
existing logic structure for this plant trip, or "initiating event," is used to generate a P2
value. If no specific reason for plant trip can be identified, manual reactor trip is
conservatively assumed to occur. At this level of analysis, all fires are assumed to result
in a plant trip.

In the interest of reducing the length of time required for model quantification at this level
of analysis (typically 10 to 12 hours per initiating event), the plant model module that is
normally used to assign plant damage states (GTPDS10) was not used. Also, only the
core damage top event (NCD) was used from the CNTMT module, which was first copied
to a separate module, FIRECD.

It should be noted that, in several plant areas, such as the Control Building and the
Reactor Buildings, the conditional core damage frequency resulting from a fire is
conservatively assigned a value of 1.0. That is, all fires are assumed to resuilt in core
damage. This ensures that these areas will be retained for detailed analysis, as
described in Section 6 of this report.

For reference, the conditional core damage frequencies, or P2 values, as they are
identified in the EPRI FIVE documentation, for several of the IPE initiating events are
shown in Table 5-1 below. -These values were taken from the Rev. 1 quantification of the
IPE plant model.
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Table 5-1
Conditional Core Damage Frequencies for Selected Initiating Events
Initiating Initiating Core
Description Event Event Damage | CCDF (P2
of Plant Trip Designation | Frequency | Frequency = B/A)
(A) (B) :

Inadvertent MSIV Closure Cliv 4.34E-01 7.34E-07 | 1.69E-06
Loss of Main Condenser LOCV 2.72E-01 4.00E-07 | 1.47E-06
Vacuum
Total Loss of Feedwater LOFW 3.59E-01 5.18E-07 1.44E-06
Partial Loss of Feedwater PLFW 3.31E-01 1.13E-07 | 3.41E-07
Loss of Offsite Power LOSP 3.39E-02 1.57E-06 | 4.63E-05
Manual Scram Required SCRAMR 2.74E-01 8.64E-08 | 3.15E-07
Turbine Trip 1T 1.42 5.37E-07 | 3.78E-07

The initiating event frequencies and core damage frequencies shown in Table 5-1 were
taken directly from Riskman data files. These values were then "normalized" to reflect
an initiating event frequency of 1.0 to obtain the conditional core damage frequency (P2
value), which assumes an initiating event frequency of 1.0 and is later adjusted by a fire
frequency value (F1) to generate a fire-related core damage frequency.

For example, if the operator was expected to trip the reactor in response to a given fire,
with a fire ignition frequency (F1) of 1E-02 and no plant components damaged by the fire
itself, this would be similar to the SCRAMR initiating event, shown above. Table 5-1
shows the core damage frequency that would be reported by the quantification program
for the SCRAMR initiating event (8.64E-08). In order to determine the core damage
frequency that would result from this new initiating event, the analyst would first determine
the core damage frequency for the SCRAMR initiating event, if it had an initiating event
frequency of 1.0 (8.64E-08 / 2.74E-01 = 3.15E-07). This value would then be multiplied
by the new initiating event frequency (1E-02) to calculate a fire-related core damage
frequency of 3.15E-09.




5.1.1 Fire Area 1 - Unit 1 Reactor Building

Browns Ferry Unit 1 is currently a non-operating unit. Also, damage to "unit-specific" (i.e.
Unit 1) components due to postulated fire scenarios in the Unit 1 Reactor Building would
not be expected to require shutdown of Unit 2 (i.e. a plant trip, or initiating event, would
not be expected to occur for Unit 2 due to fires in the Unit 1 Reactor Building). Damage
to "unit-common" components, such as power cables, that transit through the Unit 1
Reactor Building, however, may require Unit 2 to be shut down or tripped. A detailed
analysis of both unit-specific and common components is provided for the Unit 2 Reactor
Building fire zones in the detailed analysis (Section 6.1). This detailed analysis includes
evaluation of the probability of critical combustible loading and conditional core damage
frequencies due to fires in each of these areas. This detailed evaluation is judged to
bound the core damage frequency due to fire-related initiating events in the Unit 1
Reactor Building. Therefore, refer to the detailed analysis of Unit 2 Reactor Building fire
zones in Section 6.1 as a bounding case for fires in the Unit 1 Reactor Building.

For a fire in the Unit 1 Reactor Building, it is unlikely that the operator would initiate a
reactor trip on Unit 2. For purposes of this screening analysis, though, all Unit 1 Reactor
Building fires are conservatively assumed to result in a precautionary trip of Unit 2. At
this level of analysis, a conditional core damage frequency of 1.0 is assumed for this fire
area. Further discussion of fires in this area is provided in Section 6.1.4.

5.1.2 Fire Area 2 - Unit 2 Reactor Building

The Unit 2 Reactor Building consists of six fire zones, which are analyzed as individual
fire areas in volume 1 of the Browns Ferry Fire Protection Report. The schematic layout
of these areas is shown in Figure 3-1. Due to the involved nature of the components and
support cables located in these areas and the potential for multiple fire zone involvement,
these fire zones are evaluated with an assumed conditional core damage frequency of
1.0 for this level of evaluation. These areas are analyzed in more detail in Section 6.1.

The resulting upper bound core damage frequencies for each of these fire zones are
shown, for completeness, in Table 5-2, below.

5.1.3 Fire Area 3 - Unit 3 Reactor Building

Browns Ferry Unit 3 is currently a non-operating unit. Also, damage to "unit-specific" (i.e.
Unit 3) components due to postulated fire scenarios in the Unit 1 Reactor Building would
not be expected to require shutdown of Unit 2 (i.e. a plant trip, or initiating event, would
not be expected to occur for Unit 2 due to fire in the Unit 3 Reactor Building). Damage
to "unit-common" components however, such as power cables, that transit through the
Unit 3 Reactor Building, -however, may require Unit 2 to be shut down or tripped.
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A detailed analysis of both unit-specific and common components is provided for the Unit;

2 Reactor Building fire zones in the detailed analysis (Section 6.1). This detailed analysis
includes evaluation of the probability of critical combustible loading and conditional core
damage frequencies for fires in each of these areas. This detailed evaluation is judged
to bound the core damage frequency due to fire-related initiating events in the Unit 3
Reactor Building. Therefore, refer to the detailed analysis of Unit 2 Reactor Building fire
zones in Section 6.1 as a bounding case for the Unit 3 Reactor Building.

As in the case of fires in the Unit 1 Reactor Building, it is unlikely that the operator would
initiate plant trip of Unit 2 due to a fire in the Unit 3 Reactor Building. For purposes of
analysis, though, all Unit 3 Reactor Building fires are conservatively assumed to result in
a precautionary trip of Unit 2. At this level of analysis, a conditional core damage
frequency of 1.0 is assumed for this fire area. Further discussion of fires in this area is
provided in Section 6.1.4.

'51.4 Fire Area 4 - 4kV Shutdown Board Room B

Plant walkdowns (see Attachment D) confirm that the following S|gn|f|cant plant equipment
is located in this fire area:

4kV Shutdown Board B

480V RMOV Board 1B

250V RMOV Board 1B

1-LPNL-925-0541 (ACU 1B Control Panel)

1-TS-031-7205D (Shutdown Board Room ACU 1A)
1-TS-031-7206C (Shutdown Board Room air cooling unit 1B)
Panel 0-PNL-25-45B (4kV Shutdown Board B Logic Relays)
Division | ECCS Analog Trip Un|t Inverters (Unit 1 only)

I&C Bus 1B Equipment

The potential fire-related failure of 4kV shutdown board B could also impact the operation
of the following additional plant components:

Diesel Generator B Top Event GB
Shutdown Bus 1 Top Event SHUT1
Shutdown Bus 2 - Top Event SHUT2

480V Shutdown Board 2A  Top Event RS ~
480V RMOV Board 2A Top Event RH :

These walkdowns also evaluated cable routing through this area. During this evaluation,
it was determined that cable ES1812-|A supports voltage indication only for 4kV shutdown

* board A. This circuit was confirmed to provide indication only, is protected by fuses, and

does not impact the operation of shutdown bus A.
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The Failure Modes and Effects Analysis of Browns Ferry Unit 2 Key Support Systems
(Table 3.1.1-2 of the IPE submittal) states that a plant trip would not be expected to occur

- following loss of 4kV shutdown board B. Therefore, at this level of analysis, a manual

reactor trip is assumed to occur. The failure of the components located in this area was
modeled by failing top events AB (4kV shutdown board B) and RF (480V RMOV board
1B) in plant model module ELECT12, in addition to the potential fire-related impacts listed
above. It was noted during this evaluation that the assumed loss of both shutdown buses
is equivalent to a loss of offsite power to the 4kV shutdown boards. This evaluation then
generated a conditional core damage frequency of 9.17E-04. Given a fire ignition
frequency of 6.74E-03 for this area from Table 4-1, the upper bound conditional core
damage frequency for this area can be evaluated as

F2 = 6.74E-03 x 9.17E-04 = 6.20E-06

Since the upper bound core damage frequency for this evaluation is greater than 1E-086,
fires in this area cannot be screened from further consideration at this level of analysis.
This evaluation is conservative in that all fires in this area are assumed to result in a
manual reactor trip and cause the loss of all plant equipment located in this fire area,
regardless of fire severity or manual fire suppression. This equipment includes an
assumed failure of both shutdown buses to supply all other 4kV boards, similar to a loss -
of offsite power. More detailed analysis of this area is provided in Section 6.2.

5.1.5 Fire Area 5 - 4kV Shutdown Board Room A and 250V Battery Room

Plant walkdowns (see Attachment D) confirm that the following major plant equipment is
located in this fire area:

4kV Shutdown Board A
480V RMOV Board 1A
250V RMOV Board 1A

,  Panel 25-32 (Backup Control Panel)

Panel 25-45A (4kV Shutdown Board A Relays)

I&C Bus 1B Equipment

250VDC Battery SB-A and B

250VDC Battery chargers SB-A and B

250VDC Distribution Panel SB-A and B

Shutdown Board Room Emergency Coollng Unit 1-ACU-31- 110
I1&C Bus 1A Equnpment

ATU Inverters - Division Il (Unit 1)

These walkdowns also evaluated cable routing through this area. During this review, it
was identified that control cables associated with diesel generator B (top event GB) are
routed through this area and a fire-related failure of 250VDC distribution panel SB-B could
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potentially disable generator B output breaker, disabling the DG.

Also, the fire-related failure of 4kV shutdown board A could potentially impact the
operation of the following additional plant components:

Diesel Generator A Top Event GA
Shutdown Bus 1 Top Event SHUT1
Shutdown Bus 2 Top Event SHUT2

The Failure Modes and Effects Analysis of Browns Ferry Unit 2 Key Support Systems
(Table 3.1.1-2 of the IPE submittal) states that a plant trip would not be expected to occur
following loss of 4kV shutdown board A. Therefore, a manual reactor trip is
conservatively assumed to occur for all fires in this area, at this level of analysis.

The failure of these components was modeled by failing top events AA (4kV shutdown
board A), RE (480V RMOV board 1A), DA (250VDC control power for 4kV shutdown
board A and 480V shutdown board 1A) and DC (250VDC control power for 4kV shutdown
board B and 480V shutdown board 2A) in plant model module ELECT12, in addition to
the top events listed above. It was noted during this evaluation that the assumed loss
of both shutdown buses is equivalent to a loss of offsite power to the 4kV shutdown
boards. This evaluation then generated a conditional core damage frequency of 3.79E-
04. Given a fire ignition frequency of 8.57E-03 for this area from Table 4-1, the upper
bound conditional core damage frequency for this area can be evaluated as

F2 = 8.57E-03 x 3.79E-04 = 3.24E-06

Since the upper bound core damage frequency for this evaluation is greater than 1E-06,
fires in this area cannot be screened from further consideration at this level of evaluation.
This evaluation is conservative in that all fires in this area are assumed to result in a
manual reactor trip and cause the loss of all plant equipment located in this fire area,
regardless of fire severity or manual fire suppression. Also, this evaluation conservatively
- assumes loss of power from shutdown buses 1 and 2 to all other 4kV shutdown boards,
similar to a loss of offsite power. This area is evaluated in greater detail in Section 6.2.

5.1.6 Fire Area 6 - 480V Shutdown Board Room 1A

Plant walkdowns (see Attachment D) confirm that the following major plant equipment is
located in this fire area:

480V Shutdown Board 1A
Panel 1-25-44A-11
Panel 1-25-44B-11







Also, it was confirmed during these walkdowns that no cables traverse this area, other
than those associated with 480V shutdown board 1A and the 480V load shed panels.

The Failure Modes and Effects Analysis of Browns Ferry Unit 2 Key Support Systems
(Table 3.1.1-2 of the IPE submittal) states that a plant trip would not be expected to occur
following loss of 480V shutdown board 1A. At this level of analysis, all fires in this area
were therefore conservatively assumed to result in a manual reactor trip, regardless of
the actual level of fire severity.

The potential failure of 480V shutdown board 1A due to fire was modeled as a failure of
top event RQ in plant model module ELECT12. The potential failure of the 480V load
sequencing logic circuits in panels 1-PNL-25-44A-11 and 1-PNL-25-44B-11 was
conservatively modeled by failing diesel generators C and D at top events GC and GD.
This treatment is conservative in that it fails 4160V switchgear following a loss of offsite
power, in addition to the supplied 480V loads.

This evaluation then generated a conditional core damage frequency of 5.22E-07. Given
a fire ignition frequency of 6.64E-03 from Table 4-1, the upper bound conditional core
damage frequency for this area can be evaluated as

F2 = 6.64E-03 x 5.22E-07 = 3.47E-09

Since the upper bound core damage frequency for this evaluation is less than 1E-06, fires
in this area can be screened from further consideration. This evaluation is conservative
in that all fires in this area are assumed to result in a manual reactor trip and cause the
loss of all plant equipment located in this fire area, regardless of fire severity or manual
fire suppression. :

5.1.7 Fire Area 7 - 480V Shutdown Board Room 1B

Plant walkdowns (see Attachment D) confirm that the following major plant equipment is
located in this fire area:

480V Shutdown Board 1B
Panel 1-25-44A-12
Panel 1-25-44B-12

These walkdowns also evaluated cable routing through this area. During this review, it
was confirmed that control cables for Unit 1 LPCI MG sets 1DN, 1DA, 1EN are located
in this area. The potential fire-related failure of these components does not, however,
impact the operation of Unit 2.




The Failure Modes and Effects Analysis of Browns Ferry Unit 2 Key Support Systems
(Table 3.1.1-2 of the IPE submiittal) states that a plant trip would not be expected to occur
following loss of 480V shutdown board 1B. Manual reactor trip was therefore

conservatively assumed to occur for any and all fires in this area. ’

The failure of the components in this area was modeled by failing top event RR (480V
shutdown board 1B) in plant model module ELECT12. This evaluation then generated
a conditional core damage frequency of 5.38E-07. Given a fire ignition frequency for this
area of 6.64E-03 from Table 4-1, the upper bound conditional core damage frequency for
this area can be evaluated as

F2 = 6.64E-03 x 5.38E-07 = 3.57E-09

Since the upper bound core damage frequency for this evaluation is less than 1E-06, fires
in this area can be screened from further consideration. This evaluation is conservative
in that all fires in this area are assumed to result in a manual reactor trip and cause the
loss of all plant equipment located in thls fire area, regardless of fire severity or manual
fire suppression.

5.1.8 Fire Area 8 - 4kV Shutdown Board Room D

Plant walkdowns (see Attachment D) confirm that the following major plant equipment is
located in this fire area:

4kV Shutdown Board D
480V RMOV Board 2B
250V RMOV Board 2B
Panel 25-45D

I&C Bus B Equipment
Div | ATU Inverter

Cable routing through this area was also evaluated during these walkdowns to ensure
that no other risk-significant components could be impacted by fires in this area.

The Failure Modes and Effects Analysis of Browns Ferry Unit 2 Key Support Systems
(Table 3.1.1-2 of the IPE submittal) states that a plant trip would not be expected to occur
following loss of 4kV shutdown board D. For this level of analysis, manual reactor trip
was therefore conservatively assumed to occur for any and all fires in this area.

The fire-related failure of 4kV shutdown board D could potentially impact the operation
of the following additional plant components:







Diesel Generator D Top Event GD
Shutdown Bus 1 Top Event SHUT1
. Shutdown Bus 2 Top Event SHUT2

480V Shutdown Board 2B Top Event RT
480V RMOV Board 2C Top Event RJ

The failure of the components that could be impacted by fires in this area was then
modeled by failing top events AD (4kV shutdown board D), Rl (480V RMOV board 2B),
RC (250V RMOV board 2B), DO (120V 1&C bus 2B), PX1 (division 1 ATU power supply)
and R480 (480V bus recovery) in the plant model, in addition to failing interim variables
RIOK (allows recovery of top event Rl) and RCOK (allows recovery of top event RC) and
the top events noted above. This evaluation then generated a conditional core damage
frequency of 7.36E-03. Given a fire ignition frequency of 6.64E-03 from Table 4-1, the
upper bound conditional core damage frequency for this area can be evaluated as

F2 = 6.64E-03 x 7.36E-03 = 4.88E-05

Since the upper bound core damage frequency for this evaluation is more than 1E-06,
fires in this area can not be screened from further consideration. This evaluation is
conservative in that all fires in this area are assumed to result in plant trip and cause the
loss of all plant equipment located in this fire area. In particular, 480VAC RMOV board
2B, which supplies division Il RHR suppression pool cooling valves, and 250VDC RMOV
board 2B, which supplies division | RHR actuation relays, impact core damage frequency
in that the scenarios from this evaluation are dominated by failure of an RPV relief valve
to reseat following plant trip, with failure of suppression pool cooling due to fire-induced
failures. This area is therefore retained for detailed evaluation in Section 6.2.

5.1.9 Fire Area 9 - 4kV Shutdown Board Room C and 250V Battery Room

Plant walkdowns (see Attachment D) confirm that the following major plant equipment is
located in this area: '

4kV Shutdown Board C

480V RMOV Board 2A

250V RMOV Board 2A

Unit 2 Panel 25-32 (Remote Shutdown)

Panel 25-45C (4kV Shutdown Board C Relays)
I1&C Bus 2A Equipment

250VDC Battery SB-C and D

250VDC Battery chargers SB-C and D
250VDC Distribution Panel SB-C and D

Board Room Emergency Air Conditioner and Dampers
250VDC Battery Exhaust and Supply Fans

5-10







Panels 25-42A-1 and B-1 (Common Logic Relays)
Panels 25-42A-2 and B-2 (Common Logic Relays)
ATU Inverters - Division Il

Cable routing through this area was also evaluated during these walkdowns to ensure
that no other risk-significant components could be impacted by fires in this area.

The Failure Modes and Effects Analysis of Browns Ferry Unit 2 Key Support Systems
(Table 3.1.1-2 of the IPE submittal) states that a plant trip would not be expected to occur
following loss of 4kV shutdown board C. For this level of analysis, manual reactor trip
was therefore conservatively assumed to occur for any and all fires in this area. It should
be noted that the potential failure of remote shutdown panel 9-32 in such a way to cause
an MSIV closure is subsumed within failure of top event DN (I&C bus 2A). Hot short
failure of RPV relief valve control from this panel is not separately considered at this level
of analysis.

The fire-related failure of 4kV shutdown board C could potentially impact the operation
of the following additional plant components:

Diesel Generator C Top Event GC
Shutdown Bus 1 Top Event SHUT1
Shutdown Bus 2 Top Event SHUT2

480V Shutdown Board 2A  Top Event RS
480V RMOV Board 2C Top Event RJ

The failure of the components that could be impacted by fires in this area was then
modeled by failing top events AC (4kV shutdown board C), RH (480V RMOV board 2A),
RB (250V RMOV board 2A), DB (250VDC control power for shutdown board C and 480V
shutdown board 1B), DD (250VDC control power for shutdown board D and 480V
shutdown board 2B), DN (120V 1&C bus 2A), PX2 and HPI (Division 2 ATU power supply)
and R480 (recovery of 480V buses) in the plant model, in addition to failing interim
variables RHOK (allows recovery of top event RH) and RBOK (allows recovery of top
event RB), in addition to the top events listed above. This evaluation then generated a
conditional core damage frequency of 1.08E-02. Given a fire ignition frequency of 8.07E-
03 from Table 4-1, the upper bound conditional core damage frequency for this area can
be evaluated as

F2 = 8.07E-03 x 1.08E-02 = 8.71E-05

Since the upper bound core damage frequency for this evaluation is more than 1E-06,
fires in this area can not be screened from further consideration. This evaluation is
conservative in that all fires in this area are assumed to result in plant trip and cause the
loss of all plant equipment located in this fire area.
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In particular, 480VAC RMOV board 2A, which supplies division | RHR suppression pool
cooling valves, and 250VDC RMOV board 2A, which supplies division Il RHR actuation
relays, impact core damage frequency in that the scenarios from this evaluation are
dominated by failure of an RPV relief valve to reseat following plant trip, with failure of
suppression pool cooling due to fire-induced failures. This area is therefore retained for
detailed evaluation in Section 6.2.

5.1.10 Fire Area 10 - 480V Shutdown Board Room 2A

Plant walkdowns (see Attachment D) confirm that the following plant equipment could be
affected by a fire in this area:

480V Shutdown Board 2A Top Event RS
480V Load Sequencing Logic Panel 2-PNL-25-44A-11 See Below
480V Load Sequencing Logic Panel 2-PNL-25-44B-11 See Below

Also, it was confirmed during these walkdowns that no cables traverse this area, other
than those associated with 480V shutdown board 2A and the 480V load shed panels.
The potential failure of 480V shutdown board 2A due to fire was modeled as a failure of
top event RS in plant model module ELECT12. The potential failure of the 480V load
sequencing logic circuits in panels 2-PNL-25-44A-11 and 2-PNL-25-44B-11 was
conservatlvely modeled by failing division | diesel generators A and B at top events GA
and GB, in addition to falllng shutdown board recovery at top event SDREC. This
treatment is conservative in that it fails 4106V switchgear following a loss of offsite power,
in addition to the supplied 480V loads.

The Failure Modes and Effects Analysis of Browns Ferry Unit 2 Key Support Systems
(Table 3.1.1-2 of the IPE submittal) states that a plant trip may occur due to MSIV closure
following loss of 480V shutdown board 2A. Therefore, fires in this area were modeled
with RS failure and using the CIV initiating event logic. This quantification resulted in a
conditional core damage frequency (P2 value) of 2.52E-06.

Given a fire ignition frequency (F1 value) of 6.64E-03 from Table 4-1, the core damage
frequency due to fires in this area can be evaluated as:

F2 = F1 x P2 = 6.64E-03 x 2.52E-06 = 1.67E-08
Since core damage frequency for this evaluation is below 1E-06, fires in this area can be
screened from further consideration. Again, this evaluation remains conservative in that

all fires are assumed to result in a plant trip due to MSIV closure with failure of 480V
Shutdown Board 2A, regardless of fire severity or manual fire suppression.
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‘ 5.1.11 Fire Area 11 - 480V Shutdown Board Room 2B

Plant walkdowns (see Attachment D) confirm that a significant fire in this area has the
potential to impact the operation of the following plant equipment:

480V Shutdown Board 2B Fails Top Event RT
. MSIV Closure

LPCI MG Set 2DA Subsumed in RT

LPCI MG Set 2EN Subsumed in RT

RBCCW Sectionalizing Valve FCV-70-48 May Impact RBC

HPCI Test Valve FCV-73-35 | May impact HPI

480V Load Sequencing Panel 2-PNL-25-44A-12 See Below

480V Load Sequencing Panel 2-PNL-25-44B-12 See Below

Also, it was confirmed during these walkdowns that no cables traverse this area, other
than those associated with these components.

~ The potential failure of 480V shutdown board 2B due to fire was modeled as a failure of

top event RT in plant model module ELECT12. As noted above, this subsumes the
potential impact of fires in this area on LPCl MG sets 2DA and 2EN by failing the motive
power source (480V shutdown board 2B). Also, since the Failure Modes and Effects
Analysis of Browns Ferry Unit 2 Key Support Systems (Table 3.1.1-2 of the IPE submittal)
states that a plant trip may occur due to MSIV closure following loss of 480V shutdown
board 2B, top event IVO (MSIVs remain open) was set to guaranteed failure.

The potential impact on RBCCW of sectionalizing valve FCV-70-48 would be to fail the
system following a loss of offsite power. This was conservatively modeled by failing top

event RBC for all cases.

The potential impact on HPCI of failing test return valve FCV-73-35 is normally isolated
by a second valve (FCV-73-36). Since this minor degradation of the system was not
modeled in the system analysis, HPCI was conservatively set to guaranteed failure for
all conditions by failing top event HPL.

The potential failure of the 480V load sequencing logic circuits in panels 2-PNL-25-44A-12
and 2-PNL-25-44B-12 was conservatively modeled by failing division | diesel generators
C and D at top events GC and GD, in addition to failing shutdown board recovery at top
event SDREC. This treatment is conservative in that it fails 4106V switchgear following
a loss of offsite power, in addition to the supplied 480V loads.

This quantification resulted in a conditional core damage frequency of 5.51E-06. Given
a fire ignition frequency of 6.64E-03 from Table 4-1, the core damage frequency due to
fires in this area can be evaluated as:
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F2 = 6.64E-03 x 5.51E-06 = 3.66E-08

Since core damage frequency for this evaluation is below 1E-06, fires in this area can be
screened from further consideration. This evaluation remains conservative in that all fires
are assumed to result in a plant trip due to MSIV closure with failure of 480V Shutdown
Board 2B, RBCCW and HPCI, regardless of fire severity or manual fire suppression.

5.1.12 Fire Area 12 - Shutdown Board Boom F

Physical area walkdowns (see Attachment D) confirm that the following major plant
equipment is located in this fire area:

250V RMOV Board 3B

480V HVAC Board B

480V RMOV Board 3B

1&C Bus 3B Equipment

ATU Inverters Division | (Unit 3)
Panel 25-654B

These walkdowns included examination of cable routing and raceway locations. During
this examination, it was revealed that the cables supplying 250VDC control power for 4kV
shutdown boards 3EA and 3EC are routed through this area. No other Unit 2 related
plant components were identified.

While a plant trip would not be expected due to fires in this area, manual reactor trip of
* Unit 2 has been conservatively assumed for this analysis. The Level 1 plant model was
therefore quantified by failing support for top events ABEA and ASEC from top events DE
and DG, respectively. This quantification then generated a conditional core damage
frequency of 4.17E-07. This value, multiplied by the fire ignition frequency for this area
shown in Table 4-1, gives an upper bound core damage frequency of:

F2 = 4,17E-07 x 7.25E-03 = 3.02E-09

Therefore, fire hazards within this area can be screened from further consideration, based
on an upper bound core damage frequency of less than 1E-06. This evaluation is
conservative in that all fires in this area are assumed to result in a manual reactor trip and
cause the loss of all plant equipment located in this fire area, regardless of fire severity
or manual fire suppression.







5.1.13 Fire Area 13 - Shutdown Board Room E

Plant walkdowns (see Attachment D) confirm that the following major plant equipment is
located in this fire area:

250V RMOV Board 3A
480V RMOV Board 3A
Unit 3 Panel 25-32
1&C Bus 3A Equipment
~ ATU Inverters Division Il (Unit 3)

These walkdowns included a review of cables and raceway routing through this area.
This review confirmed that control cables associated with the following equipment could
be impacted due to fires in this area:

480V RMOV Board 3B Not modeled

480V Diesel Generator Aux Board 3EB Top Event RP
480V Shutdown Board 3A Top Event RX
480V Shutdown Board 3B Top Event RY

While a plant trip would not be expected due to fires in this area, manual reactor trip of
Unit 2 has been conservatively assumed to occur in response to any and all fires in this
area for this level of analysis. This was modsled by failing the top events listed above.
This evaluation generated a conditional core damage frequency of 7.51E-07. This value,
multiplied by the fire ignition frequency for this area shown in Table 4-1, gives an upper
bound core damage frequency of:

F2 = 7.51E-07 x 7.15E-03 = 5.37E-09

Therefore, fire hazards within this area can be screened from further consideration, based
on an upper bound core damage frequency of less than 1E-06. This evaluation is
conservative in that all fires in this area are assumed to result in a manual reactor trip and
cause the loss of all plant equipment located in this fire area, regardless of fire severity
or manual fire suppression.

5.1.14 Fire Area 14 - 480V Shutdown Board Room 3A

Plant walkdowns (see Attachment D) confirm that the following major plant equipment is
located in this fire area:

480V Shutdown Board 3A
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These walkdowns confirm that there is no additional Unit 2 related equipment located in
this area. Also, it was confirmed during these walkdowns that no additional Unit 2 related
support cables traverse through this area.

The Failure Modes and Effects Analysis of Browns Ferry Unit 2 Key Support Systems
(Table 3.1.1-2 of the IPE submittal) states that a plant trip would not be expected to occur
following loss of 480V shutdown board 3A.

For this level of analysis, a manual reactor trip was therefore conservatively assumed to
occur in response to all fires in this area. The assumed failure of this component is
modeled by failing top event RX (480V shutdown board 3A) in plant model module
ELECT12. This evaluation then generated a conditional core damage frequency of
4.21E-07. Given a fire ignition frequency of 6.64E-03 from Table 4-1, the upper bound
conditional core damage frequency for this area can be evaluated as

F2 = 6.64E-03 x 4.21E-07 = 2.79E-09

Since the upper bound core damage frequency for this evaluation is less than 1E-06, fires
in this area can be screened from further consideration. This evaluation is conservative
in that all fires in this area are assumed to result in @ manual reactor trip and cause the
loss of all plant equipment located in this fire area, regardless of fire severlty or manual
fire suppression.

5.1.15 Fire Area 15 - 480V Shutdown Board Room 3B

Plant walkdowns (see Attachment D) confirm that the following major plant equipment is
located in this fire area:

480V Shutdown Board 3B

These walkdowns confirm that there is no additional Unit 2 related equipment located in
this area. Also, it was confirmed during these walkdowns that no addmonal Unit 2 related
support cables traverse through this area.

The Failure Modes and Effects Analysis of Browns Ferry Unit 2 Key Support Systems
(Table 3.1.1-2 of the IPE submittal) states that a plant trip would not be expected to occur
following loss of 480V shutdown board 3B. For this level of analysis, manual reactor trip
was therefore conservatively assumed to occur for any and all fires that occur in this
area. The assumed failure of 480V shutdown board 3B component is modeled in the IPE
plant model by failing top event RY. This evaluation then generated a conditional core
damage frequency of 4.35E-07. Given a fire ignition frequency of 6.64E-03 from Table
4-1, the upper bound conditional core damage frequency for this area can be evaluated
as
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F2 = 6.64E-03 x 4.35E-07 = 2.89E-09

Since the upper bound core damage frequency for this evaluation is less thén 1E-06, fires
in this area can be screened from further consideration. This evaluation is conservative
in that all fires in this area are assumed to result in a manual reactor trip and cause the

" loss of alf plant equipment located in this fire area, regardless of fire severity or manual

fire suppression.

5.1.16 Fire Area 16 - Control Building

The Control Building consists of three compartments, which are analyzed as a single fire
area in volume 1 of the Browns Ferry Fire Protection Report. Due to the potential for loss
of all plant control functions, requiring possible evacuation of the Control Room itself, this
area is evaluated with an assumed conditional core damage frequency of 1.0 for this level
of evaluation. The individual compartments within this fire area will be analyzed in more

" detail in Section 6.2.

The resulting upper bound core damage frequencies for each of these compartments are
shown, for completeness, in Table 5-2, below.

5.1.17 Fire Area 17 - Unit 1 Battery and Battery Board Room

Fire area 17 consists of two rooms,.the Unit 1 battery room and the Unit 1 battery board -
room, which are separated by a concrete block wall with an equivalent fire resistance
rating of 1.5 hours. A few conduit penetrations exist in this wall. Area wide smoke
detection is installed throughout both of these rooms and both areas are protected with
manually actuated sprinkler systems. Review of the EPRI Fire Events Database
(NSAC/178L) and the construction of the unit battery itself shows battery fires to be of
little consequence, beyond potential damage to the battery itself. The battery cells are
filled with acid, which provides an instant fire suppressing medium. Heat release
intensities, or fire size, will remain small enough so as not to damage the few electrical
conduits that traverse the area. Therefore, an engulfing fire will be assumed in the
battery board room, damaging all components in the room, in addition to failing the
250VDC batteries in the adjacent battery room.

Plant walkdowns (see Attachment D) confirm that the following major plant equipment
could be impacted by a fire in this area:

250VDC Battery 1 (located in the battery room)
Battery Board 1

250VDC Battery Charger 1

Unit Preferred MMG Set 1 and Associated Equipment
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24V Neutron Monitoring Batteries and Chargers
48V Annunciator Battery and Charger A

RPS MG Set B

Unit 1 RPS Circuit Protectors

I&C Buses A and B Fused Disconnect Switches
Unit 1 Panel 9-81 (Division 1 only) (FW Inverters)

The Failure Modes and Effects Analysis of Browns Ferry Unit 2 Key Support Systems
(Table 3.1.1-2 of the IPE submiittal) states that a plant trip would not be expected to occur
following loss of the Unit 1 battery board. A manual reactor trip of Unit 2 was therefore
conservatively assumed to occur for all fires in this area. It should be noted that the loss
of the RPS circuit protectors will, however, result in a reactor trip of Unit 1.

The assumed failure of the components in this fire area is modeled by failing top event
DE (Unit 1 battery) in the plant model. This evaluation then generated a conditional core
damage frequency of 4.31E-07. Given a fire ignition frequency of 2.19E-02 for this area
from Table 4-1, the upper bound conditional core damage frequency for this area can be
evaluated as

F2 = 2,19E-02 x 4.31E-07 = 9.44E-09

Since the upper bound core damage frequency for this evaluation is less than 1E-06, fires
in this area can be screened from further consideration.

This evaluation is conservative in that all fires in this area are assumed to result in a

manual reactor trip and cause the loss of all plant equipment located in this fire area,
regardless of fire severity or manual fire suppression.

5.1.18 Fire Area 18 - Unit 2 Battery and Battery Board Room

Fire area 18 consists of two rooms, the Unit 2 battery room and the Unit 2 battery board
room, which are separated by a concrete block wall with an equivalent fire resistance
rating of 1.5 hours. A few conduit penetrations exist in this wall. Area wide smoke
detection is installed throughout both of these rooms and both areas are protected with
manually actuated sprinkler systems. Review of the EPRI Fire Events Database
(NSAC/178L) and the construction of the unit battery itself shows battery fires to be of
little consequence, beyond potential damage to the battery itself. The battery cells are
filled with acid, which provides an instant fire suppressing medium. Heat release
intensities, or fire size, will remain small enough so as not to damage the few electrical
conduits that traverse the area. Therefore, an engulfing fire will be assumed in the
battery board room, damaging all components in the room, in addition to failing the
250VDC batteries in the adjacent battery room.
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Plant walkdowns (see Attachment D) confirm that the following risk significant plant
equipment is either located in this area or has cables that transit through this area:

250VDC Battery 2 (located in the battery room) Failed DH, CPREC
Battery Board 2 Subsumed in DH
250VDC Battery Charger 2A and 2B Subsumed in DH
Unit Preferred MMG Set 2 and Associated Equipment Subsumed in DH
4kV Shutdown bus 3ED control power Failed ASED
Division 2 instrument power (Panels 9-82, 9-88) Failed PX2

RCIC steam flow indication Failed RCI

HPCI steam flow indication Failed HPI

CS/RHR interlock logic Il

Subsumed in PX2

RPS circuit protectors See Below
Manual relief valves 2-PCV-1-4, -18, 23, 41, 42 Failed interim variables
PWR6 and PWRALL

The Failure Modes and Effects Analysis of Browns Ferry Unit 2 Key Support Systems
(Table 3.1.1-2 of the IPE submittal) states that a plant trip would not be expected to occur
following loss of the Unit 2 battery board. A manual reactor trip was therefore
conservatively assumed to occur for all fires in this area. It should be noted that a reactor
trip will occur on de-energization of RPS circuit protectors. Use of the manual reactor trip
(required) logic is conservative in that reactor trip failure (i.e. ATWS) is considered.

The assumed failure of the components located in this fire area is modsled by failing the
indicated top events (DH, CPREC, A3BED, PX2, RCI, HPI) and interim variables (PWR6
and PWRALL) in the plant model. It was noted during this review that the potential failure
of the RPS circuit protectors would not prevent manual reactor trip. Therefore, this
impact is not separately modeled. This evaluation then generated a conditional core
damage frequency of 5.79E-05. Given a fire ignition frequency of 2.09E-02 for this area
from Table 4-1, the upper bound conditional core damage frequency for this area can be
evaluated as

F2 = 2.09E-02 x 5.79E-05 = 1.21E-06

Since the upper bound core damage frequency for this evaluation is greater than 1E-06,
fires in this area can not be screened from further consideration.

This evaluation is conservative in that all fires in this area are assumed to result in a
manual reactor trip and cause the loss of all plant equipment located in this fire area,
including control cables that transit through the area, regardless of fire severity or manual
fire suppression. Also, it should be noted that the fire ignition frequency for this area
includes allowance for 25% of the total allowance for all electrical cabinets in a typical
reactor building. This is in addition to the ignition frequency for electric cabinets located
in the Unit 2 Reactor Building. This area is analyzed in more detail in Section 6.2.
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5.1.19 Fire Area 19 - Unit 3 Battery and Battery Board Room

Fire area 19 consists of two rooms, the Unit 3 battery room and the Unit 3 battery board
room, which are separated by a concrete block wall with an equivalent fire resistance
rating of 1.5 hours. A few conduit penetrations exist in this wall. Area wide smoke
detection is installed throughout both of these rooms and both areas are protected with
manually actuated sprinkler systems. Review of the EPRI Fire Events Database
(NSAC/178L) and the construction of the unit battery itself shows battery fires to be of
little consequence, beyond potential damage to the battery itself. The battery cells are
filed with acid, which provides-an instant fire suppressing medium. Heat release
intensities, or fire size, will remain small enough so as not to damage the few electrical
conduits that traverse the area. Therefore, an engulfing fire will be assumed in the
battery board room, damaging all components in the room, in addition to failing the
250VDC batteries in the adjacent battery room.

Plant walkdowns (see Attachment D) confirm that the following plant equipment could be
impacted by a fire in this area:

250VDC Battery 3 (located in battery room)

Battery Board 3

250VDC Battery Charger 3

Unit Preferred MMG Set 3 and Associated Equipment
24V Neutron Monitoring Batteries and Chargers

48V Annunciator Battery Charger B

Unit 3 RPS Circuit Protectors

The Failure Modes and Effects Analysis of Browns Ferry Unit 2 Key Support Systems
(Table 3.1.1-2 of the IPE submittal) states that a plant trip would not be expected to occur
following loss of the Unit 3 battery board. A manual reactor trip of Unit 2 was therefore
conservatively assumed to occur for all fires in this area. It should be noted that a reactor
trip of Unit 3 will occur following de-energization of the RPS circuit protectors.

The assumed failure of the components located in this fire area is modeled by failing top
events DG (Unit 3 battery) and CPREC (control power recovery) in the plant model. This
evaluation then generated a conditional core damage frequency of 4.94E-07.

Given a fire ignition frequency of 2.09E-02 from Table 4-1, the upper bound conditional
core damage frequency for this area can be evaluated as

F2 = 2.09E-02 x 4.94E-07 = 1.03E-08

Since the upper bound core damage frequency for this evaluation is less than 1E-06, fires
in this area can be screened from further consideration.
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This evaluation is conservative in that all fires in this area are assumed to result in a
manual reactor trip and cause the loss of all plant equipment located in this fire area,
regardless of fire severity or manual fire suppression.

5.1.20 Fire Area 20 - Unit 1 and 2 Diesel Generator Building

For a fire in the Unit 1 and 2 Diesel Generator Building, it is unlikely that the operator
would initiate plant trip on Unit 2, except in the case of severe, unsuppressed fires. For
the purposes of this analysis, however, all fires in this area are conservatively assumed
to result in a precautionary trip of Unit 2.

All components listed for this area in volume 1 of the Browns Ferry Fire Protection Report
and identified during plant walkdowns are associated with the Unit 1 and 2 diesel
generators. This potential impact was modeled by failing the following top events:

DG A GA FA
DG B GB FB
DG C GC FC
DG D GD FD

In addition, common cause top event DIES1 was set to guaranteed failure. Finally,
shutdown bus recovery was failed at top event SDREC. It should be noted that these
systems are only required following a consequential loss of offsite power, following an
assumed reactor trip for Unit 2 following a fire in the Unit 1 and 2 Diesel Generator
Building. The conditional core damage frequency for this evaluation is 2.31E-06, which,
when multiplied by the fire ignition frequency for this area of 1.24E-01, gives an upper
bound core damage frequency of:

F2 = 1.24E-01 x 2.31E-06 = 2.84E-08

Since the upper bound core damage frequency for this area is less than 1E-086, fires in
this area can be screened from further consideration. This evaluation is conservative in
that all fires are assumed to result in a manual reactor trip and cause the loss of all plant
equipment located in this fire area, regardless of fire severity or automatic or manual fire
suppression.

5.1.21 Fire Area 21 - Unit 3 Diesel Generator Building

For a fire in the Unit 3 Diesel Generator Building, it is unlikely that the operator would
initiate plant trip on Unit 2, except in the case of severe, unsuppressed fires. For the
purposes of this analysis, however, all fires in this area are conservatively assumed to
result in a precautionary trip of Unit 2.
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All components listed as being in this area in volume 1 of the Browns Ferry Fire
Protection Report and identified during plant walkdowns are associated with the Unit 3
diesel generators with the exception of:

4kV Shutdown board 3EB control batteries, battery board and battery charger
(SB-3EB)

These impacts were incorporated into the plant model by failing top events DF and
CPREC.

The loss of diesel generator availability was modeled by failing the following top events:

DG 3A GE FE
DG 3B GF FF
DG 3C GG FG
DG 3D GH FH

Finally, shutdown bus recovery was failed at top event SDREC. It should be noted that
these systems are only required to function following a consequential (independent
failure) loss of offsite power, following an assumed reactor trip for Unit 2 in response to
a fire in the Unit 3 Diesel Generator Building. The conditional core damage frequency for
this evaluation is 5.52E-07, which, when multiplied by the fire ignition frequency for this
area of 1.24E-01 (see Table 4-1), gives an upper bound core damage frequency of:

F2 = 1.24E-01 x 5.52E-07 = 6.84E-08

Since the upper bound core damage frequency for this area is less than 1E-06, fires in
this area can be screened from further consideration. This evaluation is conservative in
that all fires in this area are assumed to result in a manual reactor trip and cause the loss
of all plant equipment located in this fire area, regardless of fire severity or automatic or
manual fire suppression.

5.1.22 Fire Area 22 - 4kV Shutdown Board Room 3EA and 3EB

Plant walkdowns (see Attachment D) confirm that the following risk-significant equipment
could be damaged by a fire in this area:

4kV Shutdown Board 3EA A3EA
4kV Shutdown Board 3EB A3EB
Control cables for RHR service water pump A1 SW1A
Control cables for RHR service water pump A3 EA
Control cables for RHR service water pump C1 SWiC
Control cables for RHR service water pump C3 EC
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These walkdowns confirmed that there is no additional Unit 2 related equipment located
in this area. Also, it was confirmed during these walkdowns that no additional Unit 2
related support cables traverse through this area.

The Failure Modes and Effects Analysis of Browns Ferry Unit 2 Key Support Systems
(Table 3.1.1-2 of the IPE submittal) states that a plant trip would not be expected to occur
following loss of 4kV shutdown boards 3EA and 3EB individually. For this level of
analysis, fires in this area are therefore conservatively modeled by assuming that the Unit
2 operator will trip the reactor for any and all fires in this area.

All fires in this area are then assumed to fail the top events listed by their associated
plant components, above. The conditional core damage frequency for this evaluation is
3.12E-06, which, when multiplied by the fire ignition frequency for this area of 6.67E-03
(see Table 4-1), gives an upper bound core damage frequency of:

F2 = 6.67E-03 x 3.12E-06 = 2.08E-08
Since the upper bound core damage frequency for this area is less than 1E-06, fires in
this area can be screened from further consideration. This evaluation is conservative in

that all fires in this area are assumed to result in a plant trip and fail both of the shutdown
buses that are located in this area, regardless of fire severity or manual fire suppression.

5.1.28 Fire Area 23 - 4kV Shutdown Board Room 3EC and 3ED

Plant walkdowns (see Attachment D) confirm that the following risk significant plant
equipment could be affected by a fire in this area:

4KV Shutdown Board 3EC A3EC
4kV Shutdown Board 3ED A3ED
Control power cables for 4kV shutdown board 3EA A3EA

These walkdowns confirm that there is no additional Unit 2 related equipment located in
this area. Also, it was confirmed during these walkdowns that no additional Unit 2 related
support cables traverse through this area.

The Failure Modes and Effects Analysis of Browns Ferry Unit 2 Key Support Systems
(Table 3.1.1-2 of the IPE submittal) states that a plant trip would not be expected to occur
following loss of 4kV shutdown boards 3EC and 3ED individually. For this level of
analysis, fires in this area are conservatively modeled by assuming that the Unit 2
operator will trip the reactor for any and all fires in this area.
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All fires in this area are assumed to fail the components listed above. These impacts are
modeled by failing top events ASEA, ABEC and A3ED in the ELECT3 module of the plant
model. The conditional core damage frequency for this evaluation is 4.37E-07, which,
when multiplied by the fire ignition frequency for this area of 6.67E-03 (see Table 4-1),
gives an upper bound core damage frequency of:

F2 = 6.67E-03 x 4.37E-07 = 2.91E-09
Since the upper bound core damage frequency for this area is less than 1E-086, fires in
this area can be screened from further consideration. This evaluation is conservative in

that all fires in this area are assumed to result in a plant trip and fail both of the shutdown
buses that are located in this area.

5.1.24 Fire Area 24 - 4kV Bus Tie Board Room

Plant walkdowns (see Attachment D) confirm that the following major plant equipment is
located in this fire area:

4kV Bus Tie Board

These walkdowns confirm that there is no additional Unit 2 related equipment located in
this area. These walkdowns also confirm that there are no associated Unit 2 related
cables traversing this area, though the emergency supply cables for 480V diesel
generator auxiliary board 3EA are routed through this area. These cables are not
separately modeled, since they provide backup power only to standby equipment (i.e. the
Unit 3 diesel generators).

Since the Level 1 PRA model does not take credit for electric plant lineups using the 4kV
bus tie board, a fire in this area would not have the potential to impact plant response
following reactor trip. Also, it is unlikely that a fire in this area would result in a plant trip
of Unit 2. During review of the potential failure modes of this board, it was identified that
a conceivable failure of shutdown buses 1 and 2 could occur, similar to a loss of offsite
power, though offsite power would remain available to the balance of plant loads. For this
level of analysis, all fires in this area are therefore conservatively modeled as a loss of
all offsite power (initiating event LOSP). This results in a conditional core damage
frequency for this area from Table 5-1 of 4.63E-05. The fire ignition frequency for this
area is listed in Table 4-1 as 6.66E-03. This evaluation gives an upper bound core
damage frequency of:

F2 = 6.66E-03 x 4.63E-05 = 3.08E-07

Since the upper bound core damage frequency for this area is less than 1E-06, fires in
this area can be screened from further consideration.
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This evaluation is conservative in that all fires are assumed to result in a loss of 4kV
power from the shutdown buses to all shutdown boards, regardless of fire severity or
manual fire suppression.

5.1.25 Fire Area 25 - Turbine Building

The Turbine Building consists of three compartments, which are analyzed as a single fire
area in volume 1 of the Browns Ferry Fire Protection Report. Due to the potential for loss
of all plant cooling (due to loss of intake, including RHR service water and EECW), in
addition to a potential loss of offsite power, this fire area is evaluated with an assumed
conditional core damage frequency of 1.0 for this level of evaluation. The compartments
will be analyzed in more detail in Section 6.2.

The resulting upper bound core damage frequencies for each of these compartments are
shown, for completeness, in Table 5-2, below.

5.2 Upper Bound Core Damage Frequencies (F2)

The core damage frequencies resulting from the evaluations described in Section 5.1,
above, are considered to be upper bound values and are summarized in Table 5-2,
below. These values were generated by multiplying the fire ignition frequency for the
affected area (F1) by the conditional core damage frequency (P2). Thatis, F2 = F1 x P2.

Fire areas that can be screened from consideration, based on an upper bound core
damage frequency (F2 value) of less than 1E-06, are shown as shaded in Table 5-2.




Table 5-2

Upper Bound Core Damage Frequencies (F2)
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Fire Conditional Upper Bound

Fire Description Ignition Core Core Damage

Area Frequency Damage Frequency
(F1) Freq. (P2) (F2=F1xP2)
1 Unit 1 Reactor Building | 9.24E-02 9.24E-02
2-1 | Unit 2 RB, 519’ - 565’ 1.87E-02 1.87E-02
(West side)
2-2 | Unit 2 RB, 519’ - 565’ 1.74E-02 1.74E-02
(East side) 1.0
- (Assumed)

2-3 | Unit 2 RB, 593’, North | 5.33E-03 5.33E-03

2-4 | Unit 2 RB, 593’ South 2.09E-02 2.09E-02

2-5 | Unit 2 RB, 621’ and 2.87E-02 2.87E-02

North 639’ El.

2-6 | Unit 2 RB, South 639 1.96E-02 1.96E-02
3 Unit 3 Reactor Building | 9.26E-02 9.26E-02
4 4kV Shutdown Board 6.74E-03 9.17E-04 6.20E-06

Room B
5 4kV Shutdown Board 8.57E-03 3.79E-04 3.24E-06
Room A and 250V
Battery Room
7 480!
‘Boom 1B
8 | 4kV Shutdown Board
Room D
9 4kV SD Board Room 8.07E-03 1.08E-02 8.71E-05
C, 250V Battery Room
10 80V: SN B




a v - - v




Table 5-2
Upper Bound Core Damage Frequencies (F2)

‘ —
‘ Fire Conditional Upper Bound
"Fire Description Ignition Core Core Damage
| Area Frequency Damage Frequency
(F1) Freq. (P2) (F2=F1xP2)

16-1 | Control Bay - 593" 5.89E-02 5.89E-02
Elevation
Room

16-3 | Control Room 3.53E-02 3.53E-02

17

18 | Unit 2 Battery and
Battery Board Room

19

20
21 [ Units
22

3DG

23







0 Table 5-2
Upper Bound Core Damage Frequencies (F2)
Fire Conditional Upper Bound
Fire Description Ignition Core Core Damage
Area Frequency Damage Frequency
(F1) Freq. (P2) (F2=F1xP2)
24
25-1 | Intake Pump Station 3.58E-02 3.58E-02
25-2 | Pipe Tunnel 9.88E-06 ( Asstgled) 9.88E-06
25-3 | Turbine Building 4.50E-01 4.50E-01

The values shown in this table were generated in the following manner:

The fire ignition frequency (F1) was calculated, based on guidance given in the
‘ EPRI FIVE documentation. This process is described under Phase Il.1 (see
Table 4-1).

The conditional core damage frequency for the area (P2), was calculated, as -
described in the appropriate portions of Section 5.1, above.

The upper bound core damage frequency (F2) was then calculated by multiplying
F1 and P2.

5.3 Consideration of Potential Fire-Induced Containment Bypass Scenarlos

Although not a specific requirement of the FIVE methodology, the fire PRA procedure
guide (Reference 4) states that an area can be screened from consideration only if fire-
related core damage frequency is less than 1E-07 or less than 1E-06 with no potential
for containment bypass or isolation failure due to fire. This condition potentially applies
to the two areas listed in Table 5-2 with fire-related core damage frequencies between
1E-06 and 1E-07 (i.e. fire area 20, Unit 1 and 2 Diesel Generator Building and fire area
24, 4 kV Bus Tie Board Room).

The IPE report identified the following 4 types of containment bypass scenarios (see
description of endstates OJA and NJA in Table 4.6-4 of Reference 12):
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4.

Plant trip due to stuck open relief valve, followed by failure of turbine trip and
failure of MSIV isolation.

. Unisolated break outside containment with failure of HPCI, RCIC, RHR and core

spray.

. Other plant trip events with failure of turbine trip and failure of MSIV isolation,

with a concurréent loss of condensate/feedwater and CRD injection.

Interfacing system LOCA.

These scenarios were examined to assess the possibility of the path being affected by
a fire. The following criteria were used to screen the paths with no fire-induced potential
or one that is more likely or severe than that analyzed in the IPE.

No fire susceptible components in the path. This criterion is used to screen the
unisolated break outside containment scenario from consideration.

Two or more non-fire susceptible valves in series. This criterion does not apply
to the remaining scenarios.

Therefore, the following scenarios remain for potential consideration of containment
bypass:

Plant trip due to stuck 6pen relief valve with unisolated steam flow through the
main turbine to the main condenser.

Plant trip with unisolated steam flow to the main condenser, with a concurrent
loss of condensate/feedwater and CRD injection.

Interfacing system' LOCA, such as inadvertent opening of a low pressure/high
pressure discharge valve. This form of scenario was separately addressed in
the Fire Protection Report (see Section 5.4.3 of Reference 18).

Review of these scenarios for potential applicability to fire areas 20 and 24 shows that
the equipment that could be impacted by fires in these areas does not have the potential
to impact the frequency of either of these scenarios. Therefore, these areas can continue
to be screened from further consideration, as shown in Table 5-2.
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6. PHASE I1.3 - DETAILED AREA ANALYSIS

This section provides a discussion of the methods used to apply the detailed quantitative
screening process guidelines described above to each of the unscreened plant fire areas.
Due to the wide variance in fire sources, potentially damaged targets and area geometry,
the methods used to evaluate each area will also vary. The methods used to evaluate
each of the remaining areas is described below. The results of this screening evaluation
are provided in the discussion of Phase lll in Section 7.

The areas that were not screened from further consideration in Section S (see Table 5-2)
are listed, with their associated fire ignition frequencies in Table 6-1, below.

The form of evaluation performed for each of the areas listed in Table 6-1 is based on
the type of area and the types of fire ignition sources and fire hazards present in the
area.

» The Unit 2 Reactor Building (fire area 2) consists of an extremely large volume,
with individual fire zones of about 10,000 ft? on each of 5 major elevations, with
few major combustibles. Therefore, a detailed review of fire sources and
potential hazards was performed for this area. This evaluation is described in
Section 6.1, below.

» The Unit 1 and Unit 3 Reactor Buildings (fire areas 1 and 3) are similar to Unit
2, but represent currently non-operational units. Therefore, a comparative review
of the analysis of the Unit 2 Reactor Building was performed to ensure that this
analysis conservatively bounds the cases for fires in either of the adjoining
Reactor Buildings. This evaluation is described in Section 6.1.4, below.

+ Fires in 4kV Shutdown Board Rooms A and B (fire areas 5 and 4, respectively)
were evaluated by using a case-based approach to identify fire impacts. This
was required due to the conservative nature of the initial evaluation, which
assumed that all fires result in loss of both 4kV shutdown buses. The evaluation
of each of these areas is described in the following sections:

4kV Shutdown Board Room B (Fire Area 4) Section 6.2.2
4kV Shutdown Board Room A (Fire Area 5) Section 6.2.3

« Fires in 4kV Shutdown Board Rooms C and D (fire areas 9 and 8, respectively)
were also evaluated by using a case-based approach to identify fire impacts.
This was required due to the proximity of two particular plant RMOV boards in
each area and the relatively small volume involved. The evaluation of each of
these areas is described in the following sections:




0 4kV Shutdown Board Room D (Fire Area 8) Section 6.2.4
4kV Shutdown Board Room C (Fire Area 9) Section 6.2.5

» Fires in the Control Building (fire area 16) were evaluated on the basis of
individual cases for each of the elevations of this area. An event tree approach
was used to develop the individual cases for the evaluation of fires in the Control
Room area itself. A detailed fire source and target damage analysis is not
practical in this area due to the configuration of equipment, confined space and
low ceilings. The significant fire sources in this area are the electrical cabinets
and panels themselves. Since these must be considered as fire sources, as well
as targets, a source/target geometry cannot be established. The evaluation of
each of these areas is described in the following sections:

Control Building - 593’ Elevation (Compartment 16-1) Section 6.2.6
Cable Spreading Rooms (Compartment 16-2) Section 6.2.8
Control Rooms (Compartment 16-3) Section 6.2.9

The special case of a potential fire spread from the 593 foot elevation
(Compartment 16-1) to involve the Cable Spreading Rooms (Compartment 16-2)
is evaluated in Section 6.2.7.

* The Unit Battery and Battery Board Room area (fire area 18) consists of two
. distinct rooms, which are separated by a concrete wall. Individual cases for
evaluation of this area were developed using the severity factors discussed in

Section 6.2.1. This evaluation is described in Section 6.2.10.

« Finally, the Turbine Building (fire area 25, compartment 25-3) consists of a large
common area, with little separation between the units, particularly on the Turbine
Operating Deck elevation. Due to the level of combustibles and the range of
suppression systems and large distances between targets, this area was
analyzed using an event tree approach to generate the individual cases used
for evaluation. The evaluation of the Turbine Building areas is described in the
following sections:

Intake Pump Station (Compartment 25-1) Section 6.2.11
Pipe Tunnel (Compartment 25-2) Section 6.2.12
Turbine Building (Compartment 25-3) Section 6.2.13
Yard Area Fires Section 6.2.14

For reference, the plant areas that were not removed from further consideration in Section
5 are listed in Table 6-1, below.







Area

Table 6-1
Unscreened Areas

Description

Unit 1 Reactor Building

Unit 2 Reactor Building, 519’ through 565’ Elev. (West side of
Torus Area and Main Floor)

Unit 2 Reactor Building, 519’ through 565’ Elevations (East side
of Torus Area and Main Floor)

Unit 2 Reactor Building, 593’ Elevation, North Side

Unit 2 Reactor Building, 593’ Elevation, South Side and RHR
Heat Exchanger Rooms

Unit 2 Reactor Building, 621’ Elevation and North Side of
639’ Elevations

Unit 2 Reactor Building, South Side of 639 Elevation

Unit 3 Reactor Building

4kV Shutdown Board Room B

4kV Shutdown Board Room A and 250V Battery Room

4kV Shutdown Board Room D

4kV Shutdown Board Room C and 250V Battery Room

Control Bay - 593’ Elevation

Control Bay - 606’ Elevation (Cable Spreading Room)

Control Bay - 617’ Elevation (Control Room)

Unit 2 Battery and Battery Board Rooms

Intake Pump Station

Pipe Tunnel

Turbine Building
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6.1 Unit2 Reactor Building - Evaluation of Critical Combustible Loading Probability

For the plant areas that have not yet been screened from further consideration, the EPRI
FIVE documentation provides guidance for the evaluation of transient (steps 3.4 through
3.8) and fixed (step 3.1) ignition sources.

Transient ignition sources are evaluated by reviewing plant transient combustible control
procedures to determine the level of transient combustible loading that may be expected
during plant operation. Credit may then be taken for non-exposure of transients due to
administrative controls (p), the effective surface area over which the source may be
located, relative to the effective surface area of targets in the area and the surface area
of the target itself (u) and presence of combustibles in violation of administrative
procedures, as indicated by area inspection reports (w). The impact of these potential
fire sources is then evaluated for various potential sources (i.e. trash bags, oil cans) and
for damage due to plume effects, as well as radiant exposure. The evaluation of transient
ignition sources in the Unit 2 Reactor Building is shown in Section 6.1.1, below.

Fixed ignition sources are evaluated by using the heat release rates shown in Attachment
A and generating the height above which component damage will not occur due to plume
effects and the horizontal distance beyond which component damage will not occur due
to radiant effects. These distances are then used to generate a "Zone of Influence" (ZOl)
for each fixed ignition source identified in Attachment C. Each of these potential ignition
sources was then walked down to identify any plant components within the ZOl. This
process is described in Attachment D. The evaluation of fixed ignition sources in the Unit
2 Reactor Building is shown in Section 6.1.2, below.

Significant fire sources within the Unit 2 Reactor Building were identified by reviewing
combustible loading calculations (Reference 3), through plant walkdowns and use of the
guidance provided in the EPRI Fire Events Database (NSAC/178L). Insignificant fire
sources (i.e., those which do not have the potential to cause component damage due to
hot gas layer, fire plume or radiant exposure) were screened from further consideration.
This process is described in Section C.1 of Attachment C.

Throughout this evaluation, electrical conduit, cable and other components are
conservatively assumed to be damaged based on either a non-qualified cable damage
threshold temperature of 425 degrees Fahrenheit or a radiant heat exposure of 0.5
BTU/sec/ft?, whichever is more limiting. This is conservative when compared to the
customary damage criteria for qualified cable of 700 degrees Fahrenheit or a radiant
exposure of 1.0 BTU/sec/ft?, as given in the EPRI FIVE documentation.

Non-qualified cables are not separately considered as independent fire sources for this
portion of the fire risk analysis for the following reasons:







» At Browns Ferry, these cables are coated with a flame retardant throughout the

plant. This suppresses the initial fire development and prevents fire growth
between cables. When considering cables as potential fire sources, one must
assume that a fire initiating event can occur at any location within the exposed
cables (i.e. cable trays) within the plant. The worst case fire scenario could be
a fire that ignites at the lowermost cable tray in a stack and propagates to ignite
cables in the upper trays. Cable tray fire exposure testing of non-rated, flame
retardant coated cables performed by Sandia Laboratories, as described in
NUREG/CR-5384 (SAND89-1359) shows that, under relatively severe fire
exposure test conditions, it takes approximately 12 minutes to ignite a lower
cable tray and, eventually, achieve burn lengths of up to 6 feet. The exposure
fire conditions for these tests were indicative of severe fire conditions. That is,
no barriers were placed between lower and upper trays during the burning of a
diesel fuel exposure fire. The diesel fuel pool was then allowed to burn
continuously for 13 minutes. During these tests, 3 of the 5 coatings evaluated
prevented the propagation of the fire to the upper tray, even under these severe
conditions. Fire spread to the upper tray was observed for the other two
coatings, which involved approximately 7 feet of cable tray. Therefore, in all
likelihood, the flame retardant coatings in use at Browns Ferry will limit a fire to
the initial cable tray. If the fire were to involve a second cable tray, a total length
of approximately 13 feet of cable tray could eventually become involved in the
fire. Reference 23 (Cable Tray Combustible Loading Calculation) shows that
cable tray combustible loading varies from a maximum of 234,000 BTU/ft for
control or low to medium level signal cable trays to 117,000 BTU/ft for 480V
cable trays. Using the maximum tray loading, the total heat of combustion for
a 13 foot section of cable tray is calculated to be approximately 1 million BTU.
On a frequency basis, the potential for ignition of a fire in a section of cable of
this size is

F1 = 1.95E-03 x 3/1,200 = 4.88E-06

Where

1.95E-03  Represents the total ignition frequency for non-qualified
cables in the Unit 2 Reactor Building (see Attachment
B).

3/1,200 Represents the ratio of a given cable tray segment heat
capacity to the total BTU loading due to unqualified
cables for the Unit 2 Reactor Building.

This shows that the cable ignition frequency within any given segment of cable

tray location is very low. At this level of frequency, it is judged that this fire
ignition source can be neglected (i.e. screened from further evaluation).
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0 » Concerning the fire frequency for non-qualified cable, this frequency is based on
8 fires in the industry. Of these, 3 occurred within 2 months of commercial
operation at San Onofre, Unit 1 (2/7, 3/9 and 3/12/68). The descriptions for
these fires indicate an "infant mortality" process, where overheating and other
aspects of design and construction become evident. Since Browns Ferry has

long since passed through this process, these events do not apply.

» The remaining fire events in the EPRI database (entries 231, 282, 301, 398 and
716) indicate minor fires with minimal damage, beyond the failed cable. Of the
3 entries that indicate fire duration, one was self extinguishing (immediate) and
the other two were put out with portable extinguishers within 2 and 8 minutes.
Of the two remaining entries, one indicated that no power reduction was
necessary (breaker trip apparently isolated the fire, allowing it to burn out).

« Finally, if one arbitrarily assumes that all fires in unqualified cables could
potentially lead to a total loss of offsite power, the core damage frequency from
fires in unqualified cables can be bounded as less than:

F2 = 1.95E-03 x 4.63E-05 = 8.97E-08

Where
. 1.95E-03 Represents the total fire frequency for unqualified
cables in the Unit 2 Reactor Building.
4.63E-05 Is the conditional core damage frequency, from Table
5-1, for the total loss of offsite power (LOSP) initiating
event.

This evaluation is conservative in that, while it is unlikely that any single fire in
an unqualified cable tray could result in a total loss of offsite power, the
consequence (i.e. conditional core damage frequency) for this initiating event is
judged to bound the potential for damage to other plant components.

Given these considerations, unqualified cables are not considered as separate ignition
sources for this portion of the fire risk analysis, though they will continue to be evaluated
as potential fire targets. For completeness, though, unqualified cables are listed, with the
associated values shown abovs, in Table 6-3.
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6.1.1 Unit 2 Reactor Building - Evaluation of Transient Combustible Sources

Transient combustibles are analyzed for the Unit 2 Reactor Building by considering the
building as a single area. These fire ignition sources consist of transients (5.735E-04),
cable fires due to welding (4.500E-04) and transient fires due to welding (2.735E-03), with
a total fire ignition frequency of 3.76E-03 for each individual fire zone. Since there are
6 fire zones identified in the Unit 2 Reactor Building (fire area 2) and each fire zone is
assigned the same likelihood of transient fire ignition, transient fire frequency for the Unit
2 Reactor Building as a whole can be calculated as

6 x 3.76E-03 = 2.26E-02

Plant reviews have confirmed that effective combustible control procedures are in place
and are enforced at the Browns Ferry Nuclear Plant. The probability of storing transient
combustibles within a damaging range of plant targets can therefore be determined by
using the guidelines provided in the EPRI FIVE documentation. For these analyses, a
full 32 gallon trash bag and a 5 gallon oil drum are used to bound the range of transient
combustible fire sources that could be expected in the plant. The zone of exposure
calculations for these fire sources are shown in Figures 6-1 and 6-2.

These transient combustibles can cause fires that impact plant components, which are
considered to be targets, in one of two ways, either by the fire plume itself or through the
effects of radiant exposure. Therefore, both of these cases are analyzed below. These
calculations are also shown in Figures 6-3 and 6-4.

Plume Effects of Transient Combustibles

The frequency of target damage due to plume effects is determined through a calculation
(provided in the EPRI FIVE documentation) that uses the following three factors:

1. The probability of combustibles being exposed (p), which can be assumed to be
equal to 0.10, provided that the plant transient combustible control program has
storage of flammable and combustible liquids in approved containers, ordinary
combustibles or WRP clothing enclosed in metal cabinets or metal containers
with fusible link actuated covers (WRP clothing is not stored in the Reactor
Buildings at Browns Ferry) and all transient combustibles are removed at the
completion of work unless otherwise approved. For this review, then,

p=0.10
2. Calculation of an area ratio (u) to determine the probability of transient

combustibles being located within a "damaging effect" range of a susceptible
plant component, cable or other target.
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. This value is generated from the "footprint area” of the target and the fire source,
divided by the total floor area under consideration. For the Unit 2 Reactor
Building, the total floor area is listed as 69,277 f2.

a. Case 1 - 32 gallon trash bag. Review of the Unit 2 Reactor Building
shows that the majority of electrical raceways are located well above the
plume damage height of 12 feet (see Figure 6-1).

b. Case 2 - 5 gallon oil can. Review of the Unit 2 Reactor Building shows
that the majority of electrical raceways are located well above the plume
damage height of 10 feet (see Figure 6-2).

| Since the 32 gallon trash bag represents the more restrictive case (i.e. larger
1 range of plume damage), this case is used to evaluate all transient combustibles.
| The total exposed surface area of cable trays and conduits within the 12 foot
damage height over open floor area, where transients could be placed, is
estimated to be 1000 ft>. Assuming that 20% of the Reactor Building floor area
is occupied up by plant hardware, the area ratio, u, for transient fire sources can
be calculated as

u = (1000) / (69,277 x 0.80)
u = (1000) / (55,422)
u=0.018

3. Calculation of a probability that the critical amount of combustible will be present
between inspections (w). For the Browns Ferry plant, fire hazard inspections are
conducted on no less than a weekly basis. Based on EPRI guidance, no less

_ than one noncompliance is conservatively assumed to occur per year, even if
‘ none have been recorded. This gives a constant value of w for all Unit 2
Reactor Building areas of

y = 1/52

w = (y/2) x (In(1/y))

'w = (9.615E-03) x (3.951)
w = 3.80E-02

Given these values, the probability of damage to targets (cable trays) in the Unit 2
Reactor Building due to the plume effects of transient fire sources can be calculated as:

Ptc, plume exposure= 1 x (0.018) x (0.10) x (3.80E-02) = 6.84E-05
Probability of target damage due to plume effects of transients

‘ Ptc, plume exposure= (Pfst) x (u) x (p) x (w)
| (PtC)pume = 2.26E-02 x 6.84E-05 = 1.55E-06
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As noted above, this represents the likelihood of damage to any cable trays in the
Reactor Building, which are arbitrarily assumed to contain cables of concern. This value
will then be added to the likelihood of damage from radiant effects (Ptc), which is
calculated below. .

Radiant Effects of Transient Combustibles

Target damage due to radiant exposure is calculated in much the same way as the
effects of plume damage are evaluated, except that the effective area ratio (u) must be
recalculated. Again, the Unit 2 Reactor Building, floor area is 69,277 f2. Review of the
potential plant targets gives an effective target area of approximately 1,500 ft%.

a. Case 1 - 32 gallon trash bag. With the transient combustible assumed to consist
of a full 32 gallon trash bag, which is expected to bound most other transient fire
sources, particularly those that can be left unattended, this gives an effective
zone of influence for this area of 5 feet radius (see Figures 6-1 and 6-3).

b. Case 2 - 5 gallon oil can. With the transient combustible assumed to consist of
a 5 gallon oil can, which is expected to bound most transient liquid fire sources,
particularly those that can be left unattended, this gives an effective zone of
influence for this area of 4 feet radius (see Figure 6-2), or 64 square feet total.

Since the 32 gallon trash bag is the more restrictive case (i.e. larger radius of damage
area), this case will be used to evaluate all transient combustibles. For this analysis, the
effective 5 foot radius surface area is area is rounded up to 100 ft.

Assuming that 20% of the Reactor Building floor area is taken up by hardware, the
effective area ratio, u, can be calculated for damage due to radiant effects as

(1,500 + 100) / (69,277 x 0.80)
(1,600) / (55,422)

u
u
u = 0.0289

Therefore, Ptc,q. due to radiant effects of transient fire ignition sources can be
calculated as:

Ptc,rad exposure = (Pfst) x (u) X (p) x (w)
Ptc,rad exposure= 1 x (0.0289) x (0.10) x (3.80E-02) = 1.098E-04

The probability of target damage due to radiant effects of transients is then:

PtC ogan = (2.26E-02) x (1.098E-04) = 2.48E-06




Finally, the total probability of target damage due to transient fire sources can then be
calculated as:

Ptctotal = Ptcplume + Ptcmdiant
PtC,, = 1.55E-06 + 2.48E-06
Ptc,,, = 4.03E-06

Since this value is greater than 1E-06, these fire sources can not be screened from
further consideration at this level of evaluation. Due to the potential consequences of
fires of this type, this fire ignition frequency is conservatively included with the fixed fire
source ignition frequency for 240V lighting transformer TL2A, as described in Section
6.1.2. This fire source was selected because it has the highest conditional core damage
frequency for fixed fire ignition sources in the Unit 2 Reactor Building (see Table 6-3).

Given this conditional core damage (see Table 6-3), the potential core damage due to all
transient fire sources in the Unit 2 Reactor Building can be estimated as no higher than:

P2 = 4.03E-06 x 1.43E-03 = 3.76E-08

6.1.2 Unit 2 Reactor Building - Evaluation of Fixed lgnition Sources

This process consists of a detailed fire growth and propagation analysis and a
subsequent assessment of fire damage that could result from fires in the fixed ignition
sources identified in Attachment C. For each of the fire zones under consideration,
significant fire sources are identified, using the fire source selection guidance provided
in references 1 and 3. These fire sources were analyzed in Attachment C and are
summarized in Table 6-2, below.

Given these fire ignition sources, fire growth and propagation analyses are then
performed based on the FIVE worksheets and heat transfer equations. For each fire
source, the critical radial distance and damage height is calculated. All electrical
components and raceways within this "zone of influence” (ZOl) are then considered to be
damaged by the fire. For each identified fire source, a calculation is also made to
determine if there is enough combustible material present to cause damage due to the
development of a hot gas layer or due to ceiling jet effects.

The heat release rates and combustible loadings for each of these sources are shown
in Attachment A.

Following this evaluation, a determination is made as to whether a plant trip would occur,
given the occurrence of a fire. For example, unless other plant equipment becomes
involved, it is unlikely that the Unit 2 operator would trip the reactor due to a fire in the
primary containment Hydrogen/Oxygen analyzer.
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Table 6-2
Unit 2 Reactor Building Fixed Fire Sources

Fire
Zone

Fire
Source

250V RMOQV Board 2C

2-PNLA-25-340 (H2/02 Analyzer)

Drywell/Torus Compressor

Core Spray Pumps 2A and 2C

RHR Pumps 2A and 2C

480V RMOYV Board 2C

480V RB Vent Board 2B

2-PNLA-25-341 (H2/02 Analyzer)

Core Spray Pumps 2B and 2D

RHR Pumps 2B and 2D

2-3

Unit 2 Preferred AC Transformer

2-4

480V RMOV Board 2D

RBCCW Pump 2A

RBCCW Pump 2B

RWCU Room Monitor

Shutdown Board Room HVAC Compressor Motor







Table 6-2
Unit 2 Reactor Building Fixed Fire Sources

Fire
Zone

Fire
Source

480V RMOV Board 2E

LPCI MG Sets 2DN and 2EA

4kV/480V Transformers TS2A and TS2B

2-LPNL-025-0031 (RCIC Aux Control Panel)

4kV RPT Board 2-1, Panel 1 and 2

4kV RPT Board 2-2, Panel 1 and 2

Panel 25-3 (Filter demin)

Panel 25-9 (Sample panel)

240V Lighting Board 2A

240V Lighting Transformer TL2A (Qil)

SLC Pumps Aand B

2-6

Recirc Pump MG Sets 2A and 2B

4kV/480V Transformer 2A and 2B

LPCI MG Sets 2DA and 2EN

LPNL-25-23 and 24

240V Lighting Board 2B

240V Lighting Transformer TL2B

It may be noted that several of the fire ignition sources identified in Attachment B are not
listed in Table 6-2, above, as significant fire sources. These plant components include
fire protection panels, non-qualified cables, somie HVAC components, small pumps and
panels containing minor levels of combustibles, as described in Attachment C.

Each of the identified potential fire sources is described below. This discussion includes
the results of plant walkdowns for the specific fire source and reviews of the impact on
plant operation and the Level 1 PRA plant model of fires within the given component.
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.250V BMOV Board 2C (Fire Zone 2-1)

Electrical components and raceways within the zone of influence of potential fires in 250V
RMOV board 2C, as shown in Attachment C.2, have been evaluated, based on the
walkdown information described in Attachment D. While automatic plant trip would not
be expected due to fires in this board, manual trip may occur, since this component is
modeled in the PRA (top event RD). The failure of 250V RMOV board 2C is incorporated
_ by failing top event RD in the plant model. This evaluation gives a conditional core

damage frequency (P2 value) of 4.60E-07. Given a fire ignition frequency for this source
of 3.97E-03 (total area ignition frequency for fire zone 2-1 due to electric cabinets in
Attachment B is 7.937E-03 and this represents 1 of 2 cabinets in the area that are
analyzed as potentially significant fire sources), this results in a core damage frequency
due to fires in 250V RMOV board 2C of

F2 = 3.97E-03 x 4.60E-07 = 1.83E-09

2-PNLA-25-340 (H2/02 Analyzer) (Fire Zone 2-1)

Electrical components and raceways within the zone of influence of potential fires in panel
2-PNLA-25-340, as shown in Attachment C.2, have been evaluated, based on the
walkdown information described in Attachment D. This evaluation confirmed that potential
damage to this panel and any components within the zone of influence would not result
in an automatic plant trip. Also, these components are not required for the safe shutdown
of the plant and are not included in the PRA equipment list. Therefore, fires in 2-PNLA-
25-340 can be screened from further consideration.

Drywell/Torus Compressor (Fire Zone 2-1)

Electrical components and raceways within the zone of influence of potential fires in the
Drywell/Torus compressor, as shown in Attachment C.2, have been evaluated, based on
the walkdown information described in Attachment D. This review confirmed that a fire
in the Drywell/Torus compressor could impact conduits that- contain cables associated
with core spray pump 2C and RCIC turbine control circuitry. Due to this potential impact
on the operation of safety related equipment, manual reactor trip is assumed to occur in
response to any and all fires in this compressor. The potential impact on core spray
pump 2C is incorporated by conservatively failing both trains of core spray in top event
CS. The potential loss of RCIC control is incorporated by failing top event RCI within the
plant model. This evaluation gives a conditional core damage frequency (P2 value) of
6.56E-06. Given a fire ignition frequency for this source of 5.42E-04 (total area ignition
frequency for fire zone 2-1 from Attachment B due to compressors), this results in a core
damage frequency due to fires in the drywell/torus compressor of

F2 = 5.42E-04 x 6.56E-06 = 3.55E-09
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Core Spray Pumps 2A and 2C (Fire Zone 2-1)

Electrical components and raceways within the zone of influence of potential fires in core
spray pumps 2A and 2C, as shown in Attachment C.3, have been evaluated, based on
the walkdown information described in Attachment D. This review confirmed that a fire
in the core spray pumps could impact RCIC operation, in addition to the pumps
themselves. Due to the potential loss of safety related equipment, manual reactor trip is
assumed to occur. The failure of core spray pumps 2A and 2C is modeled by
conservatively failing both trains of core spray in top event GS, in addition to failing RCIC
top event RCI (see discussion of fire in core spray pumps 2B and 2D, below) in the plant
model. This evaluation gives a conditional core damage frequency (P2 value) of 6.56E-
06. Given a fire ignition frequency for this source of 2.08E-03 (total area ignition
frequency from Attachment B due to pumps is 5.208E-03 and these potential fire sources
represent 2 of 5 pumps in the area), this results in a core damage frequency due to fires
in core spray pumps 2A and 2C of

F2 = 2.08E-03 X 6.56E-06 = 1.36E-08

RHR Pumps 2A and 2C (Fire Zone 2-1)

Electrical components and raceways within the zone of influence of potential fires in RHR
pumps 2A and 2C, as shown in Attachment C.3, have been evaluated, based on the
walkdown information described in Attachment D. Due to the potential loss of safety
related equipment, manual reactor trip is assumed to occur. The failure of RHR pumps
2A and 2C is incorporated by failing top events RPA and RBC in the plant model. This
evaluation gives a conditional core damage frequency (P2 value) of 2.26E-06. Given a
fire ignition frequency for this source of 2.08E-03 (total area ignition frequency from
Attachment B due to pumps is 5.208E-03 and these potential fire sources represent 2 of
5 pumps in the area), this results in a core damage frequency due to fires in RHR pumps
2A and 2C of

F2 = 2.08E-03 x 2.26E-06 = 4.70E-09

480V RMOV Board 2C (Fire Zone 2-2)

Electrical components and raceways within the zone of influence of potential fires in 480V
RMOV board 2C, as shown in Attachment C.2, have been evaluated, based on the
walkdown information described in Attachment D. Due to the potential loss of control
power to a number of flow control valves, manual reactor trip is assumed to occur in
response to any and all fires in this component. The failure of 480V RMOV board 2C is
incorporated by failing top event RJ in the plant model. This evaluation gives a
conditional core damage frequency (P2 value) of 4.77E-07.
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Given a fire ignition frequency for this source of 2.91E-03 (total area ignition frequency
for fire zone 2-2 due to cabinets and panels from Attachment B is 8.730E-03 and this
represents 1 of 3 cabinets in the area that were identified as potentially significant fire
sources), this results in a core damage frequency due to fires in 480V RMOV board 2C
of ‘

F2 = 2.91E-03 x 4.77E-07 = 1.39E-09

480V RB Vent Board 2B (Fire Zone 2-2)

Electrical components and raceways within the zone of influence of potential fires in 480V
Reactor Building vent board 2B, as shown in Attachment C.2, have been evaluated,
based on the walkdown information described in Attachment D. This evaluation
confirmed that the zone of influence of a fire in this panel has the potential to impact the
following system functions:

480V RB Vent Board 2B RBI

CAD pressure relief CAD

CAD/Drywell control air crosstie DCA

FCV-74-53 (RHR | LPClI inject/ LPC
shutdown cooling return) SP (division 1)

The associated top event for each of these system functions is shown above. In the case
of FCV-74-53, the loss of control to this valve would only degrade (as opposed to fail) the
LPC and SP functions. For this evaluation, top event LPC was conservatively set to
guaranteed failure. Also, Reactor Building isolation has no impact on scenario outcome,
besides assignment of a contained endstate following core damage. That is, failure of
RB isolation will not impact the frequency of core damage. The conditional core damage
frequency (P2 value) from this evaluation is 4.90E-06. Given a fire ignition frequency for
this source of 2.91E-03 (total area ignition frequency for fire zone 2-2 due to cabinets and
panels from Attachment B is 8.730E-03 and this represents 1 of 3 cabinets in the area
that were identified as potentially significant fire sources), this resuits in a core damage
frequency due to fires in 480V RB vent board 2B of

F2 = 2.91E-03 x 4.90E-06 = 1.43E-08

2-PNLA-25-341 (H2/02 Analyzer) (Fire Zone 2-2)

Electrical components and raceways within the potential zone of influence of a fire in 2-
PNLA-25-341, as shown in Attachment C.2, have been evaluated, based on the
walkdown information described in Attachment D. Since a fire in this panel would not
result in a plant trip and no components are influenced that are required for safe
shutdown of the plant or are contained in the PRA equipment list, fires in 2-PNLA-25-341
can be screened from further consideration.
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Core Spray Pumps 2B and 2D (Fire Zone 2-2)

Electrical components and raceways within the zone of influence of potential fires in core
spray pumps 2B and 2D, as shown in Attachment C.3, have been evaluated, based on
the walkdown information described in Attachment D. Due to the potential loss of safety
related equipment, manual reactor trip is assumed to occur. The failure of core spray
pumps 2B and 2D is incorporated by conservatively failing both trains of core spray in top
event CS and the potential loss of RCIC control is modeled by failing top event RCl in the
plant model. This evaluation gives a conditional core damage frequency (P2 value) of
6.56E-06. Given a fire ignition frequency for this source of 2.08E-03 (total area ignition
frequency from Attachment B due to pumps is 4.167E-03 and these potential fire sources
represent 2 of 4 pumps in the area), this results in a core damage frequency duse to fires
in core spray pumps 2B and 2D of

F2 = 2,08E-03 x 6.56E-06 = 1.36E-08

RHR Pumps 2B and 2D (Fire Zone 2-2)

Electrical components and raceways within the zone of influence of potential fires in RHR
pumps 2B and 2D, as shown in Attachment C.3, have been evaluated, based on the
walkdown information described in Attachment D. This review showed that fires in the
RHR pumps could potentially damage HPCI control circuitry, in addition to the pumps
themselves. Due to the potential loss of safety related equipment, manual reactor trip is
assumed to occur for any fires in the RHR pumps. The failure of RHR pumps 2B and 2D
is modeled by failing top events RPB and RPD. The potential impact on HPCI operation
is incorporated by failing HPCI top event HPI in the plant model. This evaluation gives
a conditional core damage frequency (P2 value) of 3.26E-06. Given a fire ignition
frequency for this source of 2.08E-03 (total area ignition frequency from Attachment B
due to pumps is 4.167E-03 and these potential fire sources represent 2 of 4 pumps in the
area), this results in a core damage frequency due to fires in RHR pumps 2B and 2D of

F2 = 2.08E-03 x 3.26E-06 = 6.78E-09

Unit 2 Preferred AC Transformer (Fire Zone 2-3)

Electrical components and raceways within the zone of influence of potential fires in the
Unit 2 preferred AC transformer, as shown in Attachment C.2, have been evaluated,
based on the walkdown information described in Attachment D. This evaluation
confirmed that a fire in this transformer has the potential to impact the following system
functions:

Unit 2 preferred AC transformer See below
DG B breaker to 4kV shutdown board B GB
DG C breaker to 4kV shutdown board C GC
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DG D breaker to 4kV shutdown board D GD

4kV shutdown board 3ED control power A3ED
Battery charger 2A DH

RPV water level B LT2

RPV pressure B NH2
Drywell pressure Il . DW (train 2)
Main steamline flow instrumentation VO
RBCCW sectionalizing valve 2-FCV-70-47 RBC

HPCI 120VAC power HPI
FSV-84-49 (Drywell N2 line from tank B) CAD

Aux controls - RHR pump D RPD

Core spray discharge valves CS

SDC supply isolation valve FCV-74-47 SDC

RPS scram pilot valves See Below
RPS backup scram valves See Below

The associated top event for each of these system functions is shown above. Inthe case
of battery charger 2A, this impact would be similar to loss of support from 480V shutdown
board 2A (top event RS). This review also identified the following cables related to
analog trip unit (ATU) operation at panels'9-81 and 9-82:

Cable 2A5170 is contained within conduit 2ES1040-l. This cable supplies
trouble annunciator indication for the division | ECCS ATU inverter. While failure
of this cable would reduce the level of indication available, ATU system operation
would not be affected.

Cables 2A5171 and 2PC4964-11 are associated with the division Il ECCS ATU
inverter and are contained within conduit 2ES3421-Il, which is located 1.5t0 2.5
feet outside the zone of influence of potential fires in this transformer.

Otherwise, the indicated top events were conservatively set to guaranteed failure. The
transformer itself is used to provide an alternate source of preferred AC power and is not
modeled in the PRA. Also, due to the timing (i.e. immediate action) and the diverse
nature of failures required (i.e. hot shoris to all scram pilot valves and open cables for
both sets of backup scram valves) to fail the RPS function, this impact is not separately
modeled. The conditional core damage frequency (P2 value) from this evaluation is
3.17E-05. Since this is the only significant potential fire source that was identified for fire
zone 2-3, all of the fire ignition frequency for this area, or 5.04E-04 from Attachment B,
is conservatively assigned to this source. This results in a core damage frequency due
to fires in Unit 2 Preferred AC Transformer of:

F2 = 5.04E-04 x 3.17E-05 = 1.60E-08
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480V RMOV Board 2D (Fire Zone 2-4)

Electrical components and raceways within the zone of influence of potential fires in 480V
RMOV board 2D, as shown in Attachment C.2, have been evaluated, based on the
walkdown information described in Attachment D. Due to the potential loss of control
power to a number of flow control valves, manual reactor trip is assumed to occur. The
failure of 480V RMOV board 2D is incorporated by failing top event RK in the plant
model. This evaluation gives a conditional core damage frequency (P2 value) of 4.35E-
07. Given a fire ignition frequency for this source of 5.16E-03 (total area ignition
frequency for fire zone 2-4 for panels and cabinets from Attachment B is 1.032E-02 and
this represents 1 of 2 cabinets in the area that were identified as potentially significant fire
sources), this results in a core damage frequency due to fires in 480V RMOV board 2D
of

F2 = 5.16E-03 x 4.35E-07 = 2.24E-09

RBCCW Pump 2A (Fire Zone 2-4)

Electrical components and raceways within the zone of influence of potential fires in
RBCCW pump 2A, as shown in Attachment C.2, have been evaluated, based on the
walkdown information described in Attachment D. Since the success criteria for the
RBCCW system is modeled as two of two trains of cooling available following plant trip
(one of two following a loss of offsite power), this is modeled as a plant trip with failure
of top event RBC. This evaluation gives a conditional core damage frequency of 2.13E-
06. Given a fire ignition frequency for this source of 2.08E-03 (total area ignition
frequency for fire zone 2-4 due to pumps from Attachment B is 4.167E-03 and this
represents 1 of 2 pumps in the area that have been identified as potentially significant fire
sources), this results in a core damage frequency due to fires in RBCCW pump 2A of

F2 = 2.08E-03 x 2.13E-06 = 4.44E-09

RBCCW Pump 2B (Fire Zone 2-4)

Electrical components and raceways within the zone of influence of potential fires in
RBCCW pump 2B, as shown in Attachment C.2, have been evaluated, based on the
walkdown information described in Attachment D. This review identified, HPCI control
circuits that are located in conduit 2ES2884-Il, which is located slightly outside the zone
of influence. To ensure conservative treatment, HPCl was therefore failed for this
evaluation. Also, since the success criteria for RBCCW within the plant model is modeled
as two of two trains required following plant trip (one of two following a loss of offsite
power), this is modeled as a plant trip with failure of top events RBC and HPI. This
evaluation gives a conditional core damage frequency of 4.94E-06.







Given a fire ignition frequency for this source of 2.08E-03 (total area ignition frequency
for fire zone 2-4 due to pumps from Attachment B 4.167E-03 and this represents 1 of 2
pumps in the area that have been identified as potentially significant fire sources), this
results in a core damage frequency due to fires in RBCCW pump 2B of

F2 = 2.08E-03 x 4.94E-06 = 1.03E-08

RWCU Room Monitor (Fire Zone 2-4)

Electrical components and raceways within the zone of influence of a fire in the RWCU
room monitor, as shown in Attachment C.2, have been evaluated, based on the walkdown
information described in Attachment D. Since damage to the monitor and any associated
components within the zone of influence would not be expected to resuit in a plant trip
and these components are not required for safe shutdown of the plant and are not
included in the PRA equipment list, fires in the RWCU room monitor can be screened
from further consideration.

Shutdown Board Room HVAC Compressor Motor (Fire Zone 2-4)

Electrical components and raceways within the zone of influence from a fire in the
shutdown board room HVAC compressor motor, as shown in Attachment C.2, have been
evaluated, based on the walkdown information described in Attachment D. This
evaluation confirmed that a significant fire in this component has the potential to damage
to the motor and cables associated with the following components modeled in the PRA:

4kV Shutdown Board D control power AC
480V RMOV Board 2B RI
RHR Service Water Pump D1 auto start SW1iD
RHR Service Water Pump D3 control ED
FCV-23-52 (RHR heat exchanger D outlet) HXD
FCV-70-47 (RBCCW drywell isolation) RBC
Core Spray Pump 2D control CSs
Core Spray NE corner room cooler fan control CS

The impacted top events are shown for each of the potentially failed components. This
fire source was then evaluated by failing all of the top events (system functions) listed
above. This evaluation generated a conditional core damage frequency of 2.42E-04.
Given a fire ignition frequency for this source of 1.085E-03 (total area ignition frequency
for fire zone 2-4 due to compressors from Attachment B), this resuits in a core damage
frequency due to fires in the shutdown board room HVAC compressor motor of

F2 = 2.42E-04 x 1.085E-03 = 2.63E-07




480V RMQV Board 2E (Fire Zone 2-5)

Electrical components and raceways within the zone of influence from a fire in 480V
RMOV board 2E, as shown in Attachment C.2, have been evaluated, based on the
walkdown information described in Attachment D. Due to the potential loss of control
power to a number of flow control valves, manual reactor trip is assumed to occur. The
failure of 480V RMOV board 2E is incorporated by failing top event RL in the plant model.
This evaluation gives a conditional core damage frequency (P2 value) of 4.18E-07. Given
a fire ignition frequency for this source of 2.27E-03 (total area ignition frequency for fire
zone 2-5 due to electric cabinets from Attachment B is 1.587E-02 and this represents 1
of 7 cabinets and panels in the area that were judged to be significant fire sources), this
results in a core damage frequency due to fires in 480V RMOV board 2E of

F2 = 2.27E-03 x 4.18E-07 = 9.49E-10

LPCI MG Sets 2DN and 2EA (Fire Zone 2-5)

Electrical components and raceways within the zone of influence of a fire in LPCI MG set
2DN, as shown in Attachment C.2, have been evaluated, based on the walkdown
information described in Attachment D. Damage to the MG set and any components
within the zone of influence would not be expected to result in plant trip, though the
associated LPCI bus (480V RMOV board 2D) would shift to the alternate power source.
Since this board is modeled in the PRA (top event RK), manual reactor trip is assumed
to occur for any fires in this MG set. This evaluation is similar to that shown for 480V
RMOV board 2D, which is described above. Given a fire ignition frequency for this
source of 5.33E-04 (total fire frequency for fire zone 2-5 due to MG sets is 1.065E-03 and
this represents 1 of 2 MG sets in this area), the core damage frequency due to fires in
LPCI MG set 2DN can be calculated as

F2 = 5.33E-04 x 4.35E-07 = 2.32E-10

Electrical components and raceways within the zone of influence of potential fires in LPCI
MG set 2EA, as shown in Attachment C.2, have also been evaluated, based on the
walkdown information described in Attachment D. This evaluation confirmed that, while
it is possible for a fire in LPCI MG Set 2EA to impact LPClI MG Set 2DN circuitry, this
would only require 480V RMOV board 2D to shift to its alternate power source. Since this
board is modeled in the PRA (top event RK), manual reactor trip is assumed to occur for
any fires in this MG set. The simultaneous failure of both of these power sources is
subsumed in the failure of 480V RMOV bus 2A (top event RS), which is described above.
Given a fire ignition frequency for this source of 5.33E-04 (total fire frequency for fire zone
2-5 due to MG sets is 1.065E-03 and this represents 1 of 2 MG sets in this area), the
core damage frequency due to fires in LPCl MG set 2EA can be calculated as

F2 = 5.33E-04 x 2.39E-06 = 1.27E-09
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4kV/480V Transformers TS2A and TS2B (Fire Zone 2-5)

Electrical components and raceways within the zone of influence of potential fires in

4kV/480V transformer TS2A, as shown in Attachment C.2, have been evaluated, based
on the walkdown information described in Attachment D. This evaluation confirmed that
a fire in this component has the potential to impact 480V shutdown board 2A and HPCI
control circuits. The Failure Modes and Effects Analysis from the IPE report shows that
this could result in an MSIV closure initiating event. Therefore, fires in this transformer
were modeled with the CIV initiating event logic and failing top events RS and HPI. This

~ evaluation generated a conditional core damage frequency of 5.27E-06. The fire ignition

frequency for this component (see Attachment B) is 5.04E-04 (1.513E-03 total ignition
frequency due to transformers in fire zone 2-5 and this represents one of three
transformers in this area) This information was used to generate a core damage
frequency due to fires in transformer TS2A of

F2 = 5.27E-06 x 5.04E-04 = 2.66E-09
Electrical components and raceways within the zone of influence of potential fires in

transformer TS2B, as shown in Attachment C.2, have also been evaluated, based on the
walkdown information described in Attachment D. This evaluation confirmed that a fire

.in this component has the potential to impact 480V shutdown board 2B and HPCI control

circuits in addition to control circuits of LPCI MG sets 2DN and 2EA. The Failure Modes
and Effects Analysis from the IPE report shows that this could result in an MSIV closure
initiating event. Therefore, fires in this transformer were modeled with the CIV initiating
event logic and failing top events RT and HPI. The LPCI MG sets were conservatively
modeled by failing 480V shutdown board 2A at top event RS. This evaluation generated
a conditional core damage frequency of 7.08E-06. The fire ignition frequency for this
component (see Attachment B) is 5.04E-04 (1.513E-03 total ignition frequency due to
transformers in fire zone 2-5 and this represents one of three transformers in this area).
This information was used to generate a core damage frequency due to fires in
transformer TS2B of

F2 = 7.08E-06 x 5.04E-04 = 3.57E-09

2-LPNL-025-0031 (RCIC Aux Control Panel) (Fire Zone 2-5)

Electrical components and raceways within the zone of influence of potential fires in the
RCIC aux control panel, as shown in Attachment C.2, have been evaluated, based on the
walkdown information described in Attachment D. This evaluation confirmed that the
zone of influence of a fire in this panel has the potential to impact the following system
functions:

RCIC system control RCI
HPCI system control HPI
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FCV-74-67 (RHR Il LPCI inject/ LPC
shutdown cooling return) SP (division II)

The associated top event for each of these system functions is shown above. Inthe case
of FCV-74-67, the loss of control to this valve would only degrade (as opposed to fail) the
low pressure injection and suppression pool cooling (top events LPC and SP) function of
one train of the RHR system. For this evaluation, top event LPC was conservatively set
to guaranteed failure. The conditional core damage frequency (P2 value) from this
evaluation is 1.27E-04. Given a fire ignition frequency for this source of 2.27E-03 (total
area ignition frequency for fire zone 2-5 due to electric cabinets from Attachment B is
1.587E-02 and this represents 1 of 7 cabinets and panels in the area that were judged
to be significant fire sources), this results in a core damage frequency due to fires in 2-
LPNL-025-0031 of

F2 = 2.27E-03 x 1.27E-04 = 2.88E-07

4kV RPT Board 2-1, Panel 1 and 2 (Fire Zone 2-5)

Electrical components and raceways within the zone of influence of potential fires in RPT
board 2-1, as shown in Attachment C.2, have been evaluated, based on the walkdown
information described in Attachment D. Due to the potential loss of one loop of reactor
recirculation, following a potential trip of these circuit breakers, manual reactor trip is
conservatively assumed to occur for any and all fires in these boards. This evaluation
gives a conditional core damage frequency (P2 value) of 3.15E-07. Given a fire ignition
frequency for this source of 2.27E-03 (total area ignition frequency from Attachment B
due to electric cabinets is 1.587E-02 and this represents 1 of 7 cabinets in the area that
were judged to be potentially significant fire sources), this results in a core damage
frequency due to fires in 4kV RPT board 2-1 of

F2 = 2.27E-03 x 3.15E-07 = 7.15E-10

4kV RPT Board 2-2, Panel 1 and 2 (Fire Zona 2-5)

Electrical components and raceways within the zone of influence of potential fires in RPT
board 2-2, as shown in Attachment C.2, have been evaluated, based on the walkdown
information described in Attachment D. This evaluation confirmed that a fire in 4kV RPT
board 2-2 only has the potential to impact the operation of RHR inboard isolation valve
2-FCV-74-67, beyond the RPT board itself. Due to the potential loss of one loop of
reactor recirculation, following a potential trip of these circuit breakers, manual reactor trip
is conservatively assumed to occur for any and all fires in these boards. This evaluation
gives a conditional core damage frequency (P2 value) of 3.15E-07.







Given a fire ignition frequency for this source of 2.27E-03 (total area ignition frequency
from Attachment B due to electric cabinets is 1.587E-02 and this represents 1 of 7
cabinets in the area that were judged to be potentially significant fire sources), this results
in a core damage frequency due to fires in 4kV RPT board 2-2 of

F2 = 2.27E-03 x 3.15E-07 = 7.15E-10

Panel 25-3 (Filter demin) (Fire Zone 2-5)

Electrical components and raceways within the zone of influence of a fire in filter
demineralizer panel 25-3, as shown in Attachment C.2, have been evaluated, based on
the walkdown information described in Attachment D.  This evaluation confirmed that
the zone of influence of a fire in panel 25-3 has the potential to impact circuitry for
recirculation pumps 2A and 2B. Due to the potential loss of reactor recirculation, manual
reactor trip is conservatively assumed to occur for any and all fires in these panels. This
evaluation gives a conditional core damage frequency (P2 value) of 3.15E-07. Given a
fire ignition frequency for this source of 2.27E-03 (total area ignition frequency from
Attachment B due to electric cabinets is 1.587E-02 and this represents 1 of 7 cabinets
in the area that were judged to be potentially significant fire sources), this results in a core
damage frequency due to fires in 4kV RPT board 2-2 of

F2 = 2.27E-03 x 3.15E-07 = 7.15E-10

- Panel 25-9 (Sample panel) (Fire Zone 2-5)

Electrical components and raceways within the zone of influence of a fire in sample panel
25-9, as shown in Attachment C.2, have been evaluated, based on the walkdown
information described in Attachment D. This evaluation confirmed that the zone of
influence of a fire in panel 25-9 has the potential to impact circuitry for recirculation
pumps 2A and 2B. Due to the potential loss of reactor recirculation, manual reactor trip
is conservatively assumed to occur for any and all fires in these panels. This evaluation
gives a conditional core damage frequency (P2 value) of 3.15E-07. Given a fire ignition
frequency for this source of 2.27E-03 (total area ignition frequency from Attachment B
due to electric cabinets is 1.587E-02 and this represents 1 of 7 cabinets in the area that
were judged to be potentially significant fire sources), this results in a core damage
frequency due to fires in 4kV RPT board 2-2 of

F2 = 2,27E-03 x 3.15E-07 = 7.15E-10

240V Lighting Board 2A (Fire Zone 2-5)

Electrical components and raceways within the zone of influence of a fire in 240V lighting
board 2A, as shown in Attachment C.2, have been evaluated, based on the walkdown
information described in Attachment D.
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Since a severe fire in this board could impact RCIC and HPCI control cables, manual
plant trip was assumed to occur in response to all fires in this potential fire source with
concurrent failure of top events RCI (RCIC) and HPI (HPCI). The conditional core
damage frequency (P2 value) from this evaluation is 8.60E-07. Given a fire ignition
frequency for this source of 2.27E-03 (total area ignition frequency for fire zone 2-5 due
to electric cabinets from Attachment B is 1.587E-02 and this represents 1 of 7 cabinets
and panels in the area that were judged to be significant fire sources), this resuits in a
core damage frequency due to fires in 240V lighting board 2A

F2 = 2.27E-03 x 8.60E-07 = 1.95E-09

240V Lighting Transformer TL2A (Fire Zone 2-5)

Electrical components and raceways that could be affected by a fire in transformer TL2A,

.as shown in Attachment C.2, have been reviewed for impacts on plant operation. As
shown in Attachment C.3, the hot gas layer temperatures produced during a severe
transformer oil fire would not damage any electrical components other than those located
directly in the plume or within the radiant exposure range. Due to the number of cables
that could potentially be impacted by the plume, this fire source was evaluated by
conservatively assuming that only a single train of equipment, which has been shown to
be routed outside fire zone 2-5, was available following a fire in this transformer. The
availability of this equipment is documented in safe shutdown instruction 2-SSI-2-5. It
should be noted that this procedure does not take credit for other plant systems that may
not have been impacted by the fire and assumes a loss of offsite power. For purposes
of plant model quantification, the following top events were set to guaranteed failure:

Offsite power OG5, OG16

Diesel generators (C and D noted as being GC, GD
"potentially unreliable due to fire")

MSIVs IVO

HPCI HPI

RCIC RCI

Main condensate CP

RHR pumps RPA, RPD

Control rod drive CRD

Core spray CS

This evaluation gives a conditional core damage frequency (P2 value) of 1.42E-03. Given
a fire ignition frequency for this source of 5.04E-04 (total area ignition frequency for this
fire zone for transformers from Attachment B 1.513E-03 and this represents 1 of 3
transformers in this area, this results in a core damage frequency due to fires in 240V
lighting transformer TL2A of
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F2 = F1 x P2
F2 = 5.04E-04 x 1.42E-03
F2 = 7.17E-07

Since this value is less than 1E-06, this fire source can be screened from further
consideration. This evaluation remains conservative in that all fires are assumed to be
severe and lead to a total drainage of transformer coolant into the diked area prior to fire
ignition. Also, no credit is taken for manual or automatic suppression. Finally, an
extremely limited set of equipment was evaluated as being available for this fire, whereas
no credit was taken for any additional equipment that would actually be available, even
in this severe case, beyond the single train of equipment used in the safe shutdown
instruction.

Due to the significant level of component damage that could potentially result from a fire
in this transformer, this fire source was judged to bound the potential consequences of
transient fire sources in the Unit 2 Reactor Building (see Section 6.1.1).

SLC Pumps A and B (Fire Zone 2-5)

Electrical components and raceways within the zone of influence of potential fires in SLC
pumps A and B, as shown in Attachment C.2, have been evaluated, based on the
walkdown information described in Attachment D. Since these components are modeled
in the PRA, manual reactor trip is conservatively assumed to occur for any and all fires
in these pumps. This evaluation gives a conditional core damage frequency (P2 value)
of 2.12E-05. Given a fire ignition frequency for this source of 5.21E-03 (total area ignition
frequency for fire zone 2-5 from Attachment B due to pumps), this results in a core
damage frequency due to fires in SLC pumps of

F2 = 2.27E-03 x 2.12E-05 = 4.81E-08

Reactor Recirculation Pump MG Sets 2A and 2B (Fire Zone 2-6)

Electrical components and raceways that could be affected by fires in reactor recirculation
pump MG sets 2A and 2B have been evaluated, based on the walkdown information
described in Attachment D. Due to the potential size of the fire from this source, this
zone of influence comprises essentially all of fire zone 2-6. This area is separated from
the Unit 1 and Unit 3 Reactor Buildings by 3 hour rated fire barriers and by 1 hour rated
barriers to fire zone 2-5. Also, sprinklers are installed over the MG sets to preclude the
development of a severe fire. For this evaluation, however, credit is not taken for fire
suppression. The evaluation of potential impacts due to recirc MG set fires confirmed
that a severe fire has the potential to impact RBCCW system operation, PSC head tank
operation, LPCl MG set 2EN and 2DA power to 480V RMOV boards 2D and 2E and
250VDC control power to 4kV shutdown board C.
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Fires in the MG sets were therefore modeled by failing top event RBC and failing RS
support to top event RK (480V RMOV board 2D) and RT support to top event RL (480V
RMOV board 2E) and control power to top event AC (4kV shutdown board C). Given a
total recirc MG set fire ignition frequency of 2.13E-03 (total MG set fire frequency for fire
zone 2-6 from Attachment B) and a conditional core damage frequency from this
evaluation of 1.61E-05, the fire-related core damage frequency for fires in the MG sets
can be evaluated as

F2 = 2,13E-03 x 1.61E-05 = 3.42E-08
This evaluation subsumes the impacts of the other potential fire sources in fire zone 2-6
and remains conservative in that all fires are modeled as severe and no credit is taken
for sprinkler protection of these potential fire sources.

4160/480V Emergency Transformer TS2E (Fire Zone 2-6)

The evaluation of components that could be impacted by a fire in transformer TS2E is
similar to the evaluation of reactor recirculation pump MG sets, as discussed above.
Given a fire ignition frequency of 5.04E-04 (total fire ignition frequency due to
transformers in fire zone 2-6 is 1.01E-03 and this represents 1 of 2 transformers in the
area), this results in a fire-related core damage frequency for this component of

F2 = 5.04E-04 x 1.61E-05 =8.11E-09

LPCl MG Sets 2DA and 2EN (Fire Zone 2-6)

Electrical components and raceways within the zone of influence of potential fires in LPCI
MG set 2DA, as shown in Attachment C.2, have been evaluated, based on the walkdown
information described in Attachment D. While 480V RMOV board 2D is normally supplied
from LPCI MG Set DN and this board is modeled in the PRA (top event RK), manual
reactor trip is assumed to occur for any fires in this MG set. This evaluation is similar to
that shown for 480V RMOV board 2D, which is described above. Given a fire ignition
frequency for this source of 5.32E-04 (total fire frequency for fire zone 2-6 due to MG sets
is 2.129E-03 and this represents 1 of 4 MG sets in this area), the core damage frequency
due to fires in LPCl MG set 2DA can be calculated as

F2 = 5.32E-04 x 4.35E-07 = 2.31E-10

Electrical components and raceways within the zone of influence of potential fires in LPCI
MG set 2EN, as shown in Attachment C.2, have been evaluated, based on the walkdown
information described in Attachment D. This evaluation confirmed that, while it is possible
for a fire in LPCI MG Set 2EN to impact LPCI MG Set 2DA circuitry, this form of failure
would only require 480V RMOV board 2E to shift to its alternate power source.

6-26




Without a LPCI signal or requirement for low pressure injection, no loads would be
operating and plant trip would not be expected to occur. Since this board is modeled in
the PRA (top event RL), manual reactor trip is assumed to occur for any fires in this MG
set. The potential loss of both of these power sources is similar to that shown for 480V
RMOV board 2B (top event RT), which is described above. Given a fire ignition
frequency for this source of 5.32E-04 (total fire frequency for fire zone 2-6 due to MG sets
is 2.029E-03 and this represents 1 of 4 MG sets in this area), the core damage frequency
due to fires in LPCI MG set 2EN can be calculated as

F2 = 5.32E-04 x 2.67E-06 = 1.42E-09

LPNL-25-23 and 24 (Fire Zone 2-6)

Electrical components and raceways within the zone of influence of potential fires in
panels LPNL-25-23 and LPNL-25-24, as shown in Attachment C.2, have been evaluated,
based on the walkdown information described in Attachment D. A fire in either or both
of these panels would not be expected to result in plant trip. Also, these components are
not required for the safe shutdown of the plant and are not included in the PRA
equipment list. Therefore, fires in LPNL-25-23 and LPNL-25-24 can be screened from
further consideration.

240V Lighting Board 2B (Fire Zone 2-6)

Electrical components and raceways within the zone of influence of potential fires in 240V
lighting board 2B, as shown in Attachment C.2, have been evaluated, based on the
walkdown information described in Attachment D. Fires in this board would not be
expected to result in plant trip. Also, these components are not required for the safe
shutdown of the plant and are not included in the PRA equipment list. Therefore, fires
in 240V lighting board 2B can be screened from further consideration.

240V Lighting Transformer TL2B (Fire Zone 2-6)

The calculations shown in Attachment C.2 indicate that this fire source has the potential
to form a hot gas layer in the immediate area. More detailed calculations performed in
Attachment C.3 show that the hot gas layer temperatures will not be high enough to
damage components that are located in the area. Plant walkdowns, as described in
Attachment D, show that there is only one conduit (2ES3925) in the vicinity of transformer
TL2B. This conduit which contains the normal supply cables for 480V RMOV board 2E
from LPCI MG set 2EN. Since the loads on this board are not normally energized or
demanded to operate during plant operation, plant trip would not be expected due to fires
in this location. However, since this board is modeled in the PRA (top event RL), manual
reactor trip is assumed to occur for any fires in this MG set. This evaluation is similar to
that shown for 480V RMOV board 2E (i.e. failure of top event RL), which is described
above.
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Given a fire ignition frequency for this source of 5.04E-04 (total fire frequency for fire zone
2-6 due to transformers is 1.01E-03 and this represents 1 of 2 transformers in this area),
the core damage frequency due to fires in 240V lighting transformer TL2B can be
calculated as

F2 = 5.04E-04 x 4.18E-07 = 2.10E-10

6.1.3 Summary of Unit 2 Reactor Building Ignition Sources

Table 6-3, below, summarizes the evaluation of fixed ignition sources in the Unit 2
Reactor Building. As noted in Section 6.1.1, above, transient fire sources have been
treated as fires in 240V lighting transformer TL2A. This fire source was selected as a
modeling basis for the transient fire sources due to the high conditional core damage
frequency. Also, unqualified cables are listed, for completeness, as a fire source, in Table
6-3. As noted in the prior discussion, this evaluation assumes that any and all of these
fires result in a total loss of offsite power.

Table 6-3
Unit 2 Reactor Building Fire Sources
] Conditional Core
Area Fire Source Ignition Core Damage
Freq. (F1) Damage Frequency
Freq. (P2) (F2)
250V RMOV Board 2C 3.97E-03 4.60E-07 1.83E-09

2-PNLA.25-340 s R L8, Tt S e e R s S b2t L
2-1 | Drywell/Torus Compressor 5.42E-0 6.56E-06 3.55E-09
Core Spray Pumps 2A, 2C 2.08E-03 6.56E-06 1.36E-08

RHR Pumps 2A, 2C 2.08E-03 2.26E-06 4.70E-09
480V RMOV Board 2C 2.91E-03 4.77E-07 1.39E-09
480V RB Vent Board 2B 2.91E-03 4.90E-06 1.43E-08

2-2 | 2-PNLA-25-341 : e i :
Core Spray Pumps 2B, 2D 2.08E-03 6.56E-06 1.36E-08
RHR Pumps 2B and 2D 2.08E-03 3.26E-06 6.78E-09
2-3 | Unit 2 Pref. AC Transformer | 5.04E-04 3.17E-05 1.60E-08
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Table 6-3

Unit 2 Reactor Building Fire Sources

Conditional Core
Area Fire Source Ignition Core Damage
Freq. (F1) Damage Frequency
_\ Freq. (P2) (F2)
480V RMOV Board 2D 7.94E-04 4,35E-07 3.45E-10
RBCCW Pump 2A 2.08E-03 2.13E-06 4.44E-09
2-4 | RBCCW Pump 2B 2.08E-03 4.94E-06 1.03E-08
| RWCU Room Monitor ” L
Shutdown*Board Room 1.08E-0 2.42E-04 2.63E-07
HVAC Compressor Motor
480V RMOV Board 2E 2.27E-03 4.18E-07 9.49E-10
LPCI MG Set 2DN 5.33E-04 4.35E-07 2.32E-10
LPCI MG Set 2EA 5.32E-04 2.39E-06 1.27E-09
4kV/480V Trans. TS2A 5.04E-04 5.27E-06 2.66E-09
2-5 | 4kV/480V Trans. TS2B 5.04E-04 7.08E-06 3.57E-09
2-LPNL-025-0031 2.27E-03 1.27E-04 2.88E-07
RPT Board 2-1 2.27E-03 3.15E-07 7.15E-10
RPT Board 2-2 2.27E-03 3.16E-07 | 7.15E-10
Panel 25-3 2.27E-03 3.15E-07 7.15E-10
Panel 25-9 2.27E-03 - | 3.15E-07 7.15E-10
240V Lighting Board 2A 2.27E-03 | 8.60E-07 1.95E-09
240V Lighting Trans. TL2A 5.04E-04 | 1.42E-03 7.17E-07
SLC Pumps A and B 5.21E-03 2.12E-05 4.81E-08
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Table 6-3

Unit 2 Reactor Building Fire Sources

Conditional Core
Area Fire Source Ignition Core Damage
Freq. (F1) Damage Frequency
Freq. (P2) (F2)
Recirc MG Sets 2A, 2B 2.13E-03 1.61E-05 3.42E-08
4kV/480V Trans. TS2E 5.04E-04 1.61E-05 8.11E-09
2-6 | LPCI MG Set 2DA 5.32E-04 4.35E-07 2.31E-10
LPCI MG Set 2EN 5.32E-04 2.67E-06 1.42E-09
LPNL-25-23 and 24
240V Lighting Board 2B |
240V Lighting Trans. TL2B 5.04E-04 4.18E-07 2.10E-10
Transient Sources 4.03E-06 1.42E-03 5.79E-09
Unqualified Cable 1.18E-02 4.63E-05 5.47E-07

Since the fire related core damage frequency for each of these sources is less than 1E-

.06, these potential fire sources can be screened from further consideration.

6.1.4 Comparison of Unit 2 with Unit 1 and Unit 3 Reactor Buildings

Browns Ferry Units 1 and 3 are currently not operating and appear in the Unit 2 analysis
in a support capacity only. Fires in any given plant location for Units 1 or 3 would, by
definition, be more severe if such a fire occurred at the operating unit. Given this
consideration, a bounding case run was evaluated for potential fires in the Unit 1 and
Unit 3 Reactor Buildings. In each of these cases, it was assumed that the equipment
located in any fire areas within the Reactor Buildings themselves could potentially fail,
since the associated cables may transit through the affected Reactor Building to Unit 2.
The fire areas containing plant components that could potentially be damaged due to fire-
induced cable damage from fires in the Unit 1 and Unit 3 Reactor Buildings are shown
in Table 6-4, below. This table includes the Diesel Generator Buildings, since the power
cables for diesel generators C and D may transit through the Unit 1 Reactor Building on
their way to shutdown boards C and D. The Unit 3 Diesel Generator Building is then
included for completeness.




The same reasoning applies to 4kV shutdown board rooms A and B, which are assumed
to fail all cables that traverse the Unit 1 Reactor Building and 4kV shutdown board rooms
3EA, 3EB, 3EC and 3ED, which are assumed to fail all cables that traverse the Unit 3
Reactor Building.

Table 6-4
Fire Areas Located in Unit 1 and 3 Reactor Buildings
(includes Diesel Generator Buildings)

Fire Description Impacted
Area Top Events

Unit 1 Reactor Buildingr

4 4kV Shutdown Board Room B, AB, RF
593’ Elevation

5 4kV Shutdown Board Room A and AA, RE, DA, DC
250V Battery Room (621’ Elevation)

6 480V Shutdown Board Room 1A, RQ
621’ Elevation

7 480V Shutdown Board Room 1B, RR
621’ Elevation

20 Unit 1 and 2 Diesel Generator GA, GB,.GC, GD,
Building SDREC

Unit 3 Reactor Building

12 Shutdown Board Room F, A3EA, A3EC
593’ Elevation

13 Shutdown Board Room E,
621’ Elevation

14 480V Shutdown Board Room 3A, RX
621’ Elevation
15 480V Shutdown Board Room 3B, RY
621’ Elevation
21 Unit 3 Diesel Generator Building GE, GF, GG, GH,

SDREC, DF, CPREC
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Table 6-4
Fire Areas Located in Unit 1 and 3 Reactor Buildings
(Includes Diesel Generator Buildings)

Fire Description Impacted
Area Top Events
22 4kV Shutdown Board Rm 3EA, 3EB, A3EA, ASEB
583’ Elevation, Unit 3 DG Building
23 4kV Shutdown Board Rm 3EC, 3ED, A3EC, ABED

583’ Elevation, Unit 3 DG Building

24 4kV Bus Tie Board Room,
565’ Elevation, Unit 3 DG Building

Therefore, based on the information shown in Table 6-4, above, a bounding case fire was
evaluated for the Unit 1 Reactor Building by assuming failure of the following top events:

AA, AB, DA, DG, RE, RF, RQ, RR, GA, GB, GC, GD and SDREC

This evaluation generated a conditional core damage frequency of 5.62E-07. Given a fire
ignition frequency from Table 4-1 for this area of 9.24E-02, the fire-related core damage
frequency for this area can be evaluated as being no higher than:

F2 = P1 x F1 = 5.62E-07 x 9.24E-02 = 5.19E-08

Since this value is less than 1E-06, fires in the Unit 1 Reactor Building can be screened
from further consideration. This evaluation is conservative in that all fires in this area are
assumed to damage all of the cables that are assumed to transit through the area,
regardless of fire severity or manual or automatic suppression.

In a similar fashion, a bounding case fire was evaluated for the Unit 3 Reactor Building
by assuming failure of the following top events:

A3EA, ASEB, A3EC, A3ED, DF, CPREC, RX, RY, GE, GF, GG, GH and SDREC
This evaluation generated a conditional core damage frequency of 1.16E-06. Given a fire
ignition frequency from Table 4-1 for this area of 9.26E-02, the fire-related core damage
frequency for this area can be evaluated as being no higher than:

F2 = P1 x F1 = 1.16E-06 x 9.26E-02 = 1.06E-07
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Since this value is less than 1E-06, fires in the Unit 3 Reactor Building can be screened
from further consideration. This evaluation is conservative in that all fires in this area are
assumed to damage all of the cables that are assumed to transit through the area,
regardless of fire severity or manual or automatic suppression.

6.2 Use of Event Trees

During the quantitative screening process described in Section 5, several plant areas
were arbitrarily assigned a conditional core damage frequency of 1.0. By definition, each
of these areas was then retained for detailed analysis. The detailed evaluation of Reactor
Building areas is described in Section 6.1. The remaining areas are:

Fire Area 4 4kV Shutdown Board Room B

Fire Area 5 4kV Shutdown Board Room A

Fire Area 8 4kV Shutdown Board Room D

Fire Area 9 4kV Shutdown Board Room C
Compartment 16-1 Control Building, 593 Foot Elevation
Compartment 16-2 Cable Spreading Rooms
Compartment 16-3 Control Rooms

Fire Area 18 Unit 2 Battery and Battery Board Rooms
Compartment 25-1 Intake Structure

Compartment 25-2 Pipe Tunnel

Compartment 25-3 Turbine Building

Of these areas, fire areas 4, 5, 8, 9 and 18 were not screened following evaluation in
Section 5. This evaluation of all fires as enguifing generated a fire-related core damage
frequency for each of these areas of more than 1E-06. Therefore, more detailed analysis
of these areas was warranted. The form of evaluation selected for these areas utilizes
an "event tree" approach to identify individual cases for evaluation.

During the screening evaluation described in Section 5, all fires, regardless of actual fire
severity, were arbitrarily assumed to engulf the affected area. By default, this form of
treatment evaluates all fires as "high frequency/high consequence" events. In the use of
an event tree approach to the analysis of fires, the fire frequency for the remaining areas
is segmented into a range of cases. These cases are selected to cover the scale
between "high frequency/low consequence" events, such as fires that result in a turbine
trip only, to "low frequency/high consequence"” events, such as Control Room evacuation.
In the area of low consequence fires, if there is no reason to believe that an automatic
plant trip would result or that the operator would trip Unit 2, an initiating event can be
avoided altogether. In areas that contain Unit 2 equipment, plant trip is conservatively
assumed to occur for all fires. It should be noted that plant trip of Unit 2 would not be
expected following a number of fires that could occur in the plant, such as fires in the Unit
3 Hydrogen recombiners.
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Each of the areas that remain for detailed evaluation is described in the appropriate
section below. For each of these areas, a description of the area, including any
significant fire sources, targets and mitigating features, is provided. Where a large
number of cases are used, a graphic "event tree" is shown to assist in identifying the
particular cases for each area.

Each of the cases to be evaluated is then described in the text and the results of the
evaluation are summarized in a table. Each section then closes with a discussion of the
resulting evaluation, including comments on why the analysis remains conservative.

To illustrate the use of an event tree, one can assume that a fire occurs within the Unit
3 Diesel Generator Building (Fire Area 21). In this case, there is no reason to expect that
a plant trip would result for Unit 2, unless the fire spreads outside the initial room. That
is, a fire in DG 3A would have to spread to DG 3B or to the pipe chase area before the
operator would be expected to trip Unit 2. At this point, however, the operator may be
expected to trip the unit, based on the potential loss of all diesels. Instead of arbitrarily
assuming that all fires totally engulf the building (see discussion for this area in Section
5.1.21), credit can now be taken for a number of plant design features, including
automatic suppression. Since damage to all equipment located in the affected room is
conservatively assumed to occur, response time for the fire brigade is based on
preventing the spread of the fire to other rooms, instead of "time to damage” calculations
for equipment located in the area. Graphically, the event tree for this evaluation can be
shown as:

Area ‘ Automatic Manual
Suppression Suppression
Diesel Screened (No
Generator — 71— Yes ——— N/A ——— plant trip after
Room suppression)
Screened (No
—— No ———71— Yes — plant trip after
suppression)
Manual
— No plant trip
assumed
Other [Same as
Areas above]

This graphic representation can be read as:

6-34 |




1. All of the fire ignition frequency is segmented into those fires that occur in the
diesel generator rooms themselves and those fires that occur within the other
rooms of the Diesel Generator Building.

2. Automatic suppression for the affected area is then evaluated. If automatic
suppression is successful, plant trip would be avoided. It should be noted that
automatic suppression is not credited where it is not installed. In this case, the
"other areas" may have automatic fire suppression systems installed, but some
do not.

3. For those cases where automatic suppression is either not modeled or is
unsuccessful, manual suppression of the fire before it spreads to an adjacent
room is questioned. It should be noted that this condition still assumes that all
equipment located in the room is damaged, regardless of fire severity or
suppression. If manual suppression is successful, plant trip is avoided, though
an LCO condition, such as 7 day operation, may be imposed by plant technical
specifications, due to the equipment that was assumed to be damaged.

4. In the cases where the fire was not suppressed, it is conservatively assumed
that the fire has the strength to breach adjacent walls into a second area. ltis
further assumed that the operator will initiate a reactor trip at this point.

At this point, the fire ignition frequency from Table 4.1 has been used to generate a fire-
related initiating event frequency. This use of an event tree also allows the identification
of specific equipment damage, due to fire location or other factors. In the example
above, it is conservatively assumed that all diesel generators are failed by any
unsuppressed fires. This information is then used, in conjunction with the Level 1 PRA
plant model, to generate a conditional core damage frequency for this fire-related initiating
event. If the fire-related initiating event frequency, multiplied by the conditional core
damage frequency is less than 1E-06, the area can be screened from further
consideration.

Given the plant model impacts for a given fire, or for a specific case for a given area, the
Level 1 plant model from the IPE is used to develop a list of core damage scenarios,
based on the likelihood of hardware failure and equipment unavailability. These core
damage scenarios are then totalled to give a conditional core damage frequency for the
fire event under consideration. This conditional value is then multiplied by the fire
frequency for the current case to generate a fire-related core damage frequency for that
case. The fire-related core damage frequency for each case is then totalled to generate
the fire-related core damaged frequency for the entire area. If this value is Iess than 1E-
06, the area can be screened from further consideration.
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6.2.1 Review of the EPRI Fire Events Database (NSAC/178L)

In order to expand the quantitative screening process described in the EPRI FIVE
documentation from the evaluation of all fires as "high frequency/high consequence"
events, a separate review of the fire events database was performed, specifically to
augment the use of an event tree approach, as described above. The use of an event
tree approach to fire hazard evaluation provides the framework within which to segment
the fire ignition frequency into "minor" and "severe" cases. The data source used to
generate this information is the fire events database developed by EPRI (NSAC/178L).

During the development and evaluation of plant model impacts for each of the various fire
areas under consideration, assumptions must be made concerning the population of fires
that can occur. Specific questions concerning the likelihood that a given fire will have the
potential to develop into a severe event must be answered before one can effectively
evaluate the plant risk due to fire hazards. This process begins with a detailed review
of the fire events in the fire events database. This database is described in EPRI
document NSAC/178L and is the same pool of information that was used to develop the
fire ignition frequencies shown in Table 4-1. This information then provides a consistent
reference point, from which to glean insights concerning industry experience with fires.

A two-step process is used during this review. The first review of the fire events
database consists of a review of the means used to suppress the fire (i.e. use of hose
streams or installed suppression systems). The use of a hose stream or installed system
to suppress a fire indicates the presence of a significant fire, as opposed to fires that may
have been suppressed by use of portable extinguishers or allowed to burn out. The
second review evaluates the text descriptions for data entries that may not have this
information filled in. This second step is performed in order to ensure that the data
entries that do contain this information do, in fact, represent the rest of the population of
fire events as a whole.

A total of 753 fire events are documented in NSAC/178L. Of these database entries, 577
have specific entries describing the equipment that was used to suppress the fire. This
information appears in the "EQUIP_USED" data field. These 577 fire events can be
divided by fire ignition source and separated into categories (i.e. hose stream or installed
system) as shown in Table 6-5, below:
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Table 6-5

Means of Suppression for Various Fire Sources

Means of Suppression

Fire Total
Source Hose Stream or Other Entries
Installed System Means
Not Specified 23 52 75
Welding during construction 10 48 58
Diesel Generator 12 36 48
Dryers 3 11
Elevator Motors 1 4 5
Offgas 3 30 33
Main Feed Pumps 4 5 9
Other Pumps 8 30 38
Gas Turbine 1 3 4
Motor Control Centers 6 34 40
(applicable to switchgear ‘
areas)
T/G Qil 4 8 12
T/G Hydrogen 2
Other Hydrogen 5
Yard Transformers 14 5 19
Other Transformers 3 6 9
Other 12 193 205
Total 108 469 577

Of the 12 significant fires that are attributed to "other" sources, 5 were due to transient
fire sources, 3 were dus to fires in junction boxes or cables, 2 were due to welding and
2 were panel or cabinet fires. For purposes of this analysis, then, the following fire
severity factors can be used:







For fires in shutdown board A, B, C and D rooms, fires caused by motor control
centers and other sources apply. For these fire sources, (6 + 12 =) 18 fires
were suppressed with hose streams or by installed systems, of (40 + 205 =) 245
total fires from these sources. In other words, (18/245 =) 7.3% of the fires in
these areas are judged to be severe.

For fires in cable tray areas, only the "other" fire sources apply. For these fires,
(12/205 =) 5.9% are judged to be severe.

Of the (753 - 577 =) 176 entries that had no entry describing the equipment used to
suppress the fire (i.e. no listing under the "EQUIP_USED" data field), the text
descriptions were reviewed to provide an indication of the severity of the fire. From this
review, few (less than 10%) of the descriptive entries indicated that the fire had the
potential to develop into a severe fire. In other words, the remaining fires in the database
do not represent a significantly higher rate of potentially significant fires than those entries
that provided the information used to generate Table 6-5.

6.2.2 Fire Area 4 - 4kV Shutdown Board Room B

Review of the results from the screening quantification of this area (see Section 5.1.4)
revealed that the results were dominated by the assumed failure of both shutdown buses
due to an assumed catastrophic fire in this area. Further review of the layout of this area
confirms that the cubicles for these interties are separated by a distance of 20 to 25 feet.
Also, only one shutdown bus is used to supply the shutdown board at any time, with the
other circuit breaker open.

Given this situation, the most credible failure of a shutdown bus would be for the circuit
breaker from shutdown bus 1 to fail to trip, causing shutdown board A to shift to
shutdown bus 2. This form of failure would require the fire to fail the DC control power
to trip the tie breaker, followed by failure of the buswork inside shutdown board B itself,
which would require an extensive and severe fire.

Based on a the review of fire severity shown in the Fire Events Database, approximately
93% of the fires that would be expected to occur in this area can be extinguished with
portable equipment or allowed to burn out. If necessary, this response would be carried
out by the first responder on the scene from the fire brigade. Due to the low level of
severity for these fires, damage to either of the bus ends for either shutdown bus is
unlikely to occur.

For the remaining fires (7.3% of total ignition frequency), all fires are modeled as
becoming engulfing, similar to the analysis shown in Section 5.1.4.
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‘ The revised evaluation of this area therefore consists of evaluating 2 cases:

A minor fire starts in 4kV shutdown board room B. This fire is
then either suppressed by the first responder on the scene or is
allowed to burn out. 4kV shutdown board B (top event AB) and
480V RMOV board 1B (top event RF) are conservatively assumed
to fail prior to fire suppression. As noted above, this case is
assigned 93% of total area fire ignition frequency or (6.74E-03 x
0.93 =) 6.27E-03.

Case 1

Case 2 A fire starts anywhere in fire area 4 and is eventually suppressed
with hose streams. This fire is then conservatively assumed to
spread to envelop and damage all components in the area,
including the interties with shutdown buses 1 and 2 (i.e. similar to
the evaluation shown for this area in Section 5.1.4). This case is
assigned 7.3% of total area fire frequency, as described in Section

6.2.1, above, or (6.74E-03 x 0.073 =) 4.92E-04

The evaluation of each of these cases is shown in Table 6-6, below.

Table 6-6
Evaluation of Fires in Fire Area 4
Case Probability Core
Case Description Frequency of Core Damage
(F1) Damage Frequency
(P2) (F1 x P2)
Case 1 | Minor fire, suppressed 6.27E-03 | 7.38E-06 4.63E-08
Case 2 | Severe fire, assumed to 4.92E-04 | 9.17E-04 4.51E-07
become engulfing and fail both
shutdown buses
Total 6.76E-03 4.97E-07

Since the total core damage frequency for both of these cases is less than 1E-06, fires
in this area can be screened from further consideration. This evaluation is judged to
remain conservative in that all fires, regardless of size or location, are assumed to result
in plant trip, with significant damage to plant components. Also, no credit is taken for fire
suppression, beyond the response of the initial fire brigade member on the scene.
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‘ 6.2.3 Fire Area 5 - 4kV Shutdown Board Room A and 250V Battery Room

Review of the results from the screening quantification of this area (see Section 5.1.4)
revealed that the results were dominated by the assumed failure of both shutdown buses
due to an assumed catastrophic fire in this area. Further review of the layout of this area
confirms that the cubicles for these interties are separated by a distance of 20 to 25 feet.
Also, only one shutdown bus is used to supply the shutdown board at any time, with the
other circuit breaker open.

Given this situation, the most credible failure of a shutdown bus would be for the circuit
breaker from shutdown bus 1 to fail to trip, causing shutdown board B to shift to
shutdown bus 2. This form of failure would require the fire to fail the DC control power
to trip the tie breaker, followed by failure of the buswork inside shutdown board A itself,
which would require an extensive and severe fire.

Based on a the review of fire severity shown in the Fire Events Database, approximately
93% of the fires that would be expected to occur in this area can be extinguished with
portable equipment or allowed to burn out. If necessary, this response would be carried
out by the first responder on the scene from the fire brigade. Due to the low level of
severity for these fires, damage to either of the bus ends for either shutdown bus is
judged to be unlikely to occur.

‘ For the remaining fires (7.3% of total ignition frequency), all fires are modeled as
becoming engulfing, similar to the analysis shown in Section 5.1.5.

The revised evaluation of this area therefore consists of evaluating 2 cases:

Case 1 A minor fire starts in 4kV shutdown board room A. This fire is
then either suppressed by the first responder on the scene or is
allowed to burn out. 4kV shutdown board A (top event AA), 480V
RMOV board 1B (top event RE), and 250VDGC control power (top
events DA and DC) are conservatively assumed to fail prior to fire
suppression. As noted above, this case is assigned 93% of total
area fire ignition frequency or (8.57E-03 x 0.93 =) 7.97E-03.

Case 2 A fire starts anywhere in fire area 4 and is eventually suppressed
with hose streams. This fire is then conservatively assumed to
spread to envelop and damage all components in the area,
including the interties with shutdown buses 1 and 2 (i.e. similar to
the evaluation shown for this area in Section 5.1.5). This case is
assigned 7.3% of total area fire frequency, as described in Section
6.2.1, above, or (8.57E-03 x 0.073 =) 6.26E-04

. The evaluation of each of these cases is shown in Table 6-7, below.
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Table 6-7
Evaluation of Fires in Fire Area 5

Case Probability Core
Case Description Frequency | of Core Damage
(F1) Damage Frequency
(P2) (F1 x P2)
Case 1 | Minor fire, suppressed 7.97E-03 | 2.14E-06 1.71E-08
Case 2 | Severe fire, assumed to 6.26E-04 | 3.79E-04 2.37E-07
become engulfing and fail both -
shutdown buses
Total 8.60E-03 2.54E-07

Since the total core damage frequency for these cases is less than 1E-086, fires in this
area can be screened from further consideration. This evaluation is judged to remain
conservative in that all fires, regardless of size or location, are assumed to result in plant
trip, with significant damage® to plant components.

Also, no credit is taken for fire

suppression, beyond the response of the initial fire brigade member on the scene.

6.2.4 Fire Area 8 - 4kV Shutdown Board Room D

Review of the resuits from the screening quantification of this area (see Section 5.1.8)
revealed that the results were dominated by failure of containment heat removal through
suppression pool cooling following failure of relief valve closure after an assumed MSIV
closure due to loss of support for the drywell air system. The conservative nature of this

evaluation was due to the following three main factors:

1. All fires in this area were assumed to lead to irrecoverable damage to 480V
RMOV board 2B, which is required to support suppression pool cooling by
providing motive force for the torus return valves for division Il (RHR pumps 2B
and 2D).

2. All fires in this area were assumed to lead to irrecoverable damage to 250V
RMOV board 2B. This panel supplies power to the logic relays that are required
“to remotely operate the torus return valves for suppression pool cooling with the
division | RHR pumps (2A and 2C).
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3. Conservative treatment of support system requirements, both explicit and

implicit, was found within the Level 1 IPE plant model. When all components
were assumed to fail for all fires in this area during the screening evaluation, this
included 120 VAC I&C bus 2B, which is normally supplied from power sources
in this room. Top event DO was therefore failed during the screening analysis,
whereas review of the electric power system analysis (IPE documentation - BFN
Electric Power System, figure on page 2-24 of the system analysis) shows that
a degraded failure rate, as indicated by use of split fraction DO3, should have
been used. It should be noted that I&C bus 2B is set to guaranteed failure for
these evaluations, due to the assumed loss of both normal and alternate power
supplies (i.e. due to "cascaded dependencies").

This explicitly conservative treatment of a single top event then brought about
a number of implicit conservative assumptions within the logic structure of the
plant model. First, the drywell air system is assumed to fail following failure of
top event DO, due to isolation of suction valve 2-FCV-32-63. This leads to an
assumed immediate closure of MSIVs, since accumulators are conservatively not
modeled. Following the assumed loss of 480V RMOV 2B and 250V RMOV
board 2B due to the fire, suppression pool cooling was failed, with recovery
conservatively not modeled, even though the operator would have a significant
amount of time available in which to restore cooling. Since MSIV closure was
assumed to occur within the logic structure of the model, RPV relief valves were
required to lift following plant trip. The independent failure of valve reclosure
then leads directly to an assumed failure of the containment, and, subsequently,
to assumed core damage.

Review of the layout of this area shows that the two primary targets of concern, 480V
RMOV board 2B and 250V RMOV board 2B, are separated from each other by a
walkway approximately 3 feet wide. These targets are also separated from other fire
sources by an access walkway approximately 6 feet wide.

There is no automatic fire suppression in this area, but addressable (analog) smoke
detectors are used to provide area wide coverage. The initial fire brigade responder is
expected to be on the scene and capable of suppressing a minor fire before damage to
other plant components occur. Since the fire sources in this area include motor control
centers, as well as other, predominantly transient, fire sources, a minor fire fraction of
(100% - 7.3% =) 93% is applied to cases 1 and 2, as described in Section 6.2.1.

The revised evaluation of this area therefore consists of evaluating 3 cases:

Case 1 A minor fire starts in 250V RMOV board 2B. This fire is then

conservatively assumed to envelop and damage all equipment in
the area, with the exception of 480V RMOV board 2B.
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This case is assigned 1/3 of the panel frequency of this area, and

adjusted to include minor fires only as 3.00E-03/3 x (0.93) =

9.30E-04.
Case 2 A minor fire starts anywhere in fire area 8, except in 250V RMOV
board 2B. This fire is then conservatively assumed to spread to
envelop and damage all components in the area, with the
exception of 250V RMOV board 2B. This case is assigned the
remaining frequency from Case 1 and adjusted to include minor
fires only as (6.64E-03-(3.00E-03/3)) x (0.93) = 5.25E-03.
Case 3 A fire starts anywhere in the area and grows to envelop and
damage all components in the area. This case is similar to the
initial screening evaluation, except that I&C bus 2B is not
assumed to fail, only lose power from sources that are located in
this area. The fire ignition frequency assigned to this case is
6.64E-03 x 0.073 = 4.85E-04.

The evaluation of each of these cases is shown in Table 6-8, below.

. Table 6-8
Evaluation of Fires in Fire Area 8
Case Probability Core
Case Description Frequency of Core Damage
(F1) Damage Frequency
(P2) (F1 x P2)
Case 1 | Minor fire in 250V RMOV 9.30E-04 | 4.46E-05 4.15E-08
board 2B, assumed to fail all
equipment but 480V RMOV
board 2B
Case 2 | Minor fire anywhere but 250V 5.25E-03 | 3.42E-05 1.80E-07
RMOV board 2B, assumed to
fail all equipment but 250V
RMOV board 2B
Case 3 | Enguifing fire, assumed to fail 4.85E-04 | 3.98E-04 1.93E-07
all equipment and cables in
fire area 8
Total 6.64E-03 4.15E-07
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‘ Since the total core damage frequency for all three of these cases is less than 1E-06,
fires in this area can be screened from further consideration. This evaluation is judged
to remain conservative in that all fires, regardless of size or location, are assumed to
result in plant trip, with significant damage to numerous and non-adjacent components.
Also, no credit is taken for manual fire suppression for any of these cases.

6.2.5 Fire Area 9 - 4kV Shutdown Board Room C and 250V Battery Room

Review of the results from the screening quantification of this area (see Section 5.1.9)
revealed that the results were dominated by failure of containment heat removal through
suppression pool cooling following safety valve failure to reclose after an assumed MSIV
closure due to loss of support for the drywell air system. This evaluation was due to the
following three main factors:

1. All fires were assumed to lead to irrecoverable damage to 480V RMOV
board 2A. This panel is required to support suppression pool cooling by
providing motive force for the torus return valves for division |1 (RHR
pumps 2A and 2C).

2. All fires in this area were assumed to lead to irrecoverable damage to

250V RMOV board 2A, which is required to support the logic relays that

' are required to remotely operate the torus return valves for suppression
pool cooling with the division Il RHR pumps (2B and 2D).

3. Support system requirements are treated conservatively within the Level
1 IPE plant model. When all components were assumed to fail for all
fires in this area during the screening evaluation, this included 120 VAC
I1&C bus 2A, which is normally supplied from power sources in this room.
Top event DN was therefore failed during the screening analysis,
whereas review of the electric power system analysis (see IPE
documentation, BFN Electrical Power System, figure on page 2-24 of the
system analysis) shows that a degraded failure rate, as indicated by use
of split fraction DN3, should have been used. This explicitly conservative
treatment of a single top event then invoked a number of implicit
conservative assumptions within the plant model. First, the drywell air
system is assumed to fail following failure of top event DN, due to
isolation of suction valve 2-FCV-32-62. This leads to an assumed
immediate closure of MSIVs, since accumulators are conservatively not
modeled. Following the assumed loss of 480V RMOV 2A and 250V
RMOV board 2A due to the fire, suppression pool cooling was failed, with
recovery conservatively not modeled, even though the operator would
have a significant amount of time available in which to restore cooling.
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Since MSIV closure is assumed to occur within the logic structure of the
model, RPV relief valves are required to lift following plant trip. The
independent failure of valve reclosure then leads directly to an assumed
failure of the containment and, subsequently, to assumed core damage.

Review of the layout of this area, including physical walkdown of the area, as documented
in Attachment D, shows that the two primary targets of concern, 480V RMOV board 2A
and 250V RMOV board 2A are separated from each other by a walkway approximately
3 feet wide. These targets are also separated from other fire sources by an accessway
approximately 6 feet wide. .

There is no automatic fire suppression .in this area, but addressable (analog) smoke
detectors are used to provide area wide coverage. The initial fire brigade responder is
expected to be on the scene and capable of suppressing a minor fire before damage to
other plant components occur. Since the fire sources in this area include motor control
centers, as well as other, predominantly transient, fire sources, a minor fire fraction of
(100% - 7.3% =) 93% is applied to cases 1 and 2, as described in Section 6.2.1.

The revised evaluation for this area therefore consists of evaluating 3 cases:

Case 1 A minor fire starts in 250V RMOV board 2A. This fire is then
conservatively assumed to envelop and damage all equipment in
the area, with the exception of 480V RMOV board 2A. This case
is assigned 1/3 of the panel frequency of this area, and adjusted
to include minor fires only as 3.00E-03/3 x (0.93) = 9.30E-04.

Case 2 A minor fire starts anywhere in fire area 9, except in 250V RMOV
board 2A. This fire is then conservatively assumed to spread to
envelop and damage all components in the area, with the
‘exception of 250V RMOV board 2A. This case is assigned the
remaining frequency from Case 1 and adjustéd to include minor
fires only as (8.074E-03-(3.00E-03/3)) x (0.93) = 6.58E-03.

Case 3 A fire starts anywhere in the area and grows to envelop and
damage all components in the area. This case is similar to the
initial screening evaluation, except that 1&C bus 2A is not failed,
only degraded by loss of sources in this area. It should be noted
that this case subsumes the conceivable failure of MSIV or RPV
relief valve control circuitry that is located in remote shutdown
panel 9-32 (assumed to become damaged by a hot gas layer,
which is assumed to develop over the entire fire area, despite the
efforts of the fire brigade). The fire ignition frequency of this case
is 8.074E-03 x 0.073 = 5.89E-04.
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0 The evaluation of each of these cases is shown in Table 6-9, below.

Table 6-9
Evaluation of Fires in Fire Area 9
: Case Probability Core
Case Description Frequency of Core Damage
(F1) Damage Frequency
(P2) (F1 x P2)
Case 1 | Minor fire in 250V RMOV 9.30E-04 6.41E-07 5.96E-10
board 2A, assumed to fail all
equipment but 480V RMOV
board 2A
Case 2 | Minor fire anywhere but 250V 6.58E-03 | 2.37E-05 1.56E-07
RMOV board 2A, assumed to
fail all equipment but 250V
RMOV board 2A
Case 3 | Engulfing fire, assumed to fail 5.89E-04 7.24E-04 4.26E-07
all equipment and cables in
fire area 9
Total 8.07E-03 4.51E-07

Since the total core damage frequency for all three of these cases is less than 1E-06,
fires in this area can be screened from further consideration. This evaluation is judged
to remain conservative in that all fires, regardless of size or location, are assumed to
result in plant trip, with significant damage to numerous and non-adjacent components.

6.2.6 Fire Compartment 16-1, Control Building, Elevation 593 (Equipment Areas)

This area is not separated from upper elevations of the Control Building by rated fire
barriers, though the ceiling/floor interface with the Cable Spreading Rooms (compartment
16-2) and the wallls between rooms are of substantial construction, using non-combustible
materials that are equivalent to a fire rating of 1.5 hours. Fire detection for this area is
provided by area-wide addressable (analog) detectors, which alarm locally and in the
Control Room.
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The 593 foot elevation of the Control Building is laid out as a series of individual rooms,
which are located on either side of the unit battery and battery board rooms (fire areas
17, 18 and 19), each of which is enclosed with rated fire barriers.

A single corridor, running the entire length of the Control Building (approximately 450
feet), serves as the access path to all of these areas. There are no significant
combustibles located in this corridor area. The rated fire boundaries of fire areas 17, 18
and 19 act to segment the remaining rooms on this elevation into four groups. Running
from west to east, these rooms are:

Process Computer Room

Fire Area 17 (Unit 1 Battery Room)
Unit 1 Auxiliary Instrument Room
Unit 1 and 2 Computer Room

Unit 2 Auxiliary Instrument Room
Fire Area 18 (Unit 2 Battery Room)
Communication Room

Unit 3 Computer Room

Unit 3 Auxiliary Instrument Room
Fire Area 19 (Unit 3 Battery Room)

Mechanical Equipment Room

Group 1
Rated Fire Barrier
Group 2
Group 2
Group 2
Rated Fire Barrier
Group 3
Group 3
Group 3
Rated Fire Barrier

Group 4

"The first segment of this elevation consists of the Process Computer Room only. This

room is located at the west end of the elevation and is separated from other rooms on
this elevation by fire area 17. This area contains no safe shutdown equipment and failure
of the process computer does not result in a plant trip. Also, this area is protected by an
automatic Halon suppression system and its boundaries are of 2 hour fire rated
construction.

The second group of rooms on this elevation consists of the Unit 1 and 2 Auxiliary
Instrument and Computer Rooms.

The Unit 1 Auxiliary Instrument Room is on the other side of fire area 17 from
the Process Computer Room. This area contains Unit 1 relay panels, with no
Unit 2 safe shutdown components and is protected by a manually actuated CO,
fire suppression system. This area is also adjacent to the Unit 1 and 2
Computer Room.
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The Unit 1 and 2 Computer Room is located between the Unit 1 and the Unit2
Auxiliary Instrument Rooms. This area contains equipment that supports the
operation of Unit 2 balance of plant equipment, but does not impact the
operability of ECCS equipment or its associated functions. Fire protection is
provided by a manually actuated CO, fire suppression system.

The Unit 2 Auxiliary Instrument Room is located between the Unit 1 and 2
Computer Room and fire area 18. This area is protected by a manually actuated
CO, fire suppression system and has dimensions of approximately 35 by 30 feet,
with a floor area of approximately 1,000 square feet. The following risk-
significant panels are located in this room:

2-9-18 Feedwater

2-9-29 Feedwater

2-9-30 Safety Relief Valves

2-9-32 Division | (A and C) RHR, Core Spray and HPCI
2-9-33 Division 1l (B and D) RHR, Core Spray and HPCI
2-9-39 HPCI Relay Auxiliary Panel

2-9-42 MSIV

2-9-43 MSIV Closure

2-9-48 Feedwater

2-9-49 Feedwater

2-9-50 Feedwater

The third group of rooms on this elevation consists of the Communication Room and the
Unit 3 Auxiliary Instrument and Computer Rooms. There are no Unit 2 safe shutdown
components in these areas and Unit 2 plant trip would not be expected to occur due to
fires in these areas.

The Communication Room is located between fire area 18 and the Unit 3
Computer Room.

The Unit 3 Computer Room is located between the Communication Room the
Unit 2 Auxiliary Instrument Room. Fire protection is provided by a manually
actuated CO, fire suppression system.

The Unit 3 Auxiliary Instrument Room is located between the Unit 3 Computer
Room and fire area 19. This area is protected by a manually actuated CO, fire
suppression system.

The final segment of this area consists of the Mechanical Equipment Room only. This
area is located on the opposite side of Fire Area 19 from the Unit 3 Auxiliary Instrument
Room. This area contains various Control Building HVAC equipment. Plant trip would
not be expected in response to fires in this area.

6-48




The fire ignition frequency for this area is listed in Table 4-1 as 5.892E-02. The
workshest in Attachment B for this area shows that over 95% of this ignition frequency
is due to electrical cabinets. Due to the general nature of the instrumentation and
controls on the panels in each of the rooms on this elevation, this fire frequency is divided
evenly among the 8 rooms. Due to the limited level of combustibles present, none of this
frequency is allocated to the corridor. Therefore, the fire ignition frequency for each room
on this elevation is assigned as 7.36E-03.

Due to the presence of area wide detection coverage, the initial fire brigade responder
is expected to be on the scene and capable of suppressing a minor fire before damage
to other plant components occur. Since the fire sources in this area are predominantly
due to electrical panels and transient sources, a minor fire fraction of (100% - 5.9% =)
94% is applied to this area, as described in Section 6.2.1. For purposes of this analysis,
then, 5.9% (= 12/205) of all fires in this area are conservatively assumed to require
Control Room evacuation if not suppressed.

The primary means of fire suppression for the Unit 1/Unit 2 Auxiliary Instrument Rooms
and for the Unit 1 and 2 Computer Room is through manual actuation of an area-wide
CO, suppression system. This manual action is assigned a failure rate of 0.1.

Following failure to suppress the fire immediately with the installed CO, system, manual
fire suppression by the fire brigade is questioned for severe fires. Following fire brigade
failure to suppress the fire, Control Room evacuation is conservatively assumed to be
required due to loss of control functions. Therefore, fire brigade suppression of severe
fires following failure of CO, actuation, and before Control Room evacuation is required,
is assigned a failure rate of 0.1.

Given this information, the event tree for this area can be shown graphically as:
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Location Severity Suppression
CO, Fire

Brigade
5.89E-02 =7.36E-03) (0.94) . ‘
------------ Unit 2 Minor Case 1 - Total Loss of Feedwater
| Auxiliary | (0.059) (0.9) (=6.92E-03)
| Instrument ----- Severe- ~------ Yes ---- Case 2 - MSIV Closure
] Room | (0.1) (=3.91E-04)
| === NO -=--- Yes -- Case 3 - MSIV Closure/HPCI Failure
| | (0.1) (=3.91E-05)
] -- No --- Case 4 - Control Room Evacuation
| (=7.36E-03) (0.94) (=4.34E-06)
|- Unit1/2 Minor Case 1 - Total Loss of Feedwater
| Computer | (0.059) (0.9) (=6.92E-03)
| Room  ------ Severe ------- Yes------ Case 2 - MSIV Closure
| | (0.1) (=2.65E-04)
| --= NO ------ Case 3 - MSIV Closure/HPCI Failure
| (=4.42E-02) (=4.34E-05)
| --- Other Areas Screened (No Unit 2 Trip)
| (=4.42E-02)
(=5.89E-02)

i This information was then used to gerierate the following cases:

‘ Case 1 Total loss of main feedwater, following a minor fire in either the Unit 2 Aux
Instrument Room or the Unit 1 and 2 Computer Room. Due to the number
of panels in the Aux Instrument Room that contain feedwater controls, total
loss of main feedwater was conservatively assumed to occur following any fire
in either of these areas, regardless of severity.

Case 2 MSIV closure, following successful suppression of a severe fire (i.e. any fire
that was not put out with portable equipment from the fire events database)
in either the Unit 2 Aux Instrument Room or the Unit 1 and 2 Computer
Room. Damage to control circuits, resuiting in MSIV closure before manual
fire suppression with the installed CO, suppression system, is conservatively
assumed to occur for all of these fires. It should be noted that, since Browns
Ferry has steam driven main feedwater pumps, this case subsumes any
impacts from Case 1, above.

Case 3  MSIV closure with HPCI failure, following failure to suppress a severe fire in
either the Unit 2 Aux Instrument Room or the Unit 1 and 2 Computer Room
with the installed CO, system. This case assumes failure of control circuitry
for both MSIV and HPCI operation, requiring RCIC operation to maintain high
pressure injection or emergency depressurization to enable use of low
pressure injection systems
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Case 4  Evacuation of the Control Building is conservatively assumed to be required
for all severe fires in the Unit 2 Aux Instrument Room that were not
suppressed by either actuation of the installed CO, system or by the fire
brigade. Duse to the predominance of operator contributions to core damage
under this situation, a conditional core damage frequency of 0.10 was
assigned to this case, regardless of plant equipment that remains operable
from panel 2-25-32. This value compares to the 0.074 and 0.064 values for
Control Room evacuation given in NUREG/CR-4550 for Peach Bottom Unit

2 and Surry Power Station, respectively.

The remaining path for this event tree, fire in one of the 6 remaining rooms on this
elevation, were screened from further consideration, primarily due to separation by rated
fire barriers of fire areas 17 and 18. |n other words, plant trip of Unit 2 would not be
expected to occur in response to fires in these areas.

The results of this evaluation are summarized in Table 6-10, below.

Table 6-10 )
Evaluation of Fires on Control Building Elevation 593
. Case Probability | Core Damage
Case Description Frequency | of Core Frequency
(F1) Damage (F1 x P2)
(P2)
Case 1 Totai Loss of Feedwater | 1.38E-02 1.44E-06 1.99E-08
Case 2 MSIV Closure 7.82E-04 1.69E-06 1.32E-09
Case 3 'MSIV Closure/HPCI 7.89E-05 | 2.33E-06 1.82E-10
Case 4 Control Building 4.34E-06 0.10 4.34E-07
Evacuation
Screened Other Areas 4.42E-02 N/A N/A
Total 5.89E-02 4.73E-07

Since the total core damage frequency for all of these cases is less than 1E-06, this area
can be screened from further consideration.
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It should be noted that Case 4, which assumes that abandonment of the Control Room
is required, is judged to bound the conceivable case where a fire would initiate on this
elevation and then propagate through non-fire rated barriers to the Cable Spreading
Room, which is located above this area.

This evaluation is conservative in that all fires in areas that could potentially impact Unit
2 operation are assumed to result in plant trip. Also, for severe fires in the Unit 2 Aux
Instrument Room that are not suppressed by the fire brigade, Control Room evacuation
is assumed to be required.

6.2.7 Fire Propagation from Compartment 16-1 to Compartment 16-2

As noted in Section 3.3, there is the potential for a multiple area fire that would develop
on the 593 foot elevation of the Control Building and propagate to include the Cable
Spreading Room, which is located above this elevation. Though the ceiling is constructed
of reinforced concrete, with an equivalent fire rating of 1.5 hours, penetrations exist,
through which an unsuppressed fire could conceivably spread to damage equipment in
the Cable Spreading Room.

The analysis of potential fires in the Unit 2 Aux Instrument Room is shown in Attachment
C (Page C.3-10). This analysis assumed that the fire engulfs up to 8 adjacent panels
within the room. The hot gas layer temperature for this fire was well below the
damage/ignition temperature of electrical components. Therefore, any hot gases
escaping through ceiling penetrations into the Cable Spreading Room would therefore not
have the potential to damage equipment in the Cable Spreading Room. This evaluation
is typical of other areas on the 593 foot elevation that contain electrical panels and
cabinets. It should be noted that the areas that are protected by Halon and CO,
suppression systems have penetration seals that are not fire rated, but will provide
protection against the propagation of smoke and hot gases.

In addition to the calculations shown in Attachment C, a separate evaluation of this
multiple area fire was performed using two event trees. The first event tree was used to
develop the frequency of fires that have the potential to breach through the unsealed
penetrations in the interface between the 593 foot elevation and the Cable Spreading
Rooms. The second event tree was used to develop the individual cases to be evaluated
for this potential multiple area fire. '

As noted above, the total fire ignition frequency for the 593’ elevation (compartment 16-1)
is listed as 5.892E-02. Again, this fire frequency is assumed to be divided evenly among
the 8 rooms on this elevation. Therefore, each room is assigned a fire ignition frequency
of 7.36E-03.
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The fires that could occur in this area are categorized as minor or severe, as discussed
in Section 6.2.1 and the corresponding probability factors are used. Due to the geometry
of the rooms on this elevation, with potential fire propagation through an unsealed ceiling
penetration, minor fires are assigned a probability factor of 0.94 and severe fires have a
probability factor of 0.05. For this evaluation, minor fires are taken to represent fires that
would not propagate beyond the initial room. Severe fires are then assumed to require
suppression with installed systems or by the full fire brigade prior to ceiling breach.
Otherwise, fire growth to the Cable Spreading Rooms is conservatively assumed to occur.

For areas with manually actuated fire suppression systems installed, this form of
suppression is assigned a failure rate of 0.1. Following failure to suppress the fire
immediately with an installed system, manual fire suppression by the fire brigade prior to
fire growth to the Cable Spreading Room is assigned a failure rate of 0.1. Following fire
brigade failure to suppress the fire, fire growth to envelop the Cable Spreading Room is,
again, conservatively assumed to occur.

Given this information, the event tree for fire growth from the 593 foot elevation to the
Cable Spreading Rooms can be shown graphically as:

6-53




‘ Location Severity Suppression

CO, or Fire
Halon Brigade
7.36E-03 (0.94)
5.892E-02-------- Mech ---=-=rmeeene- Minor Contained
| Equipt. | (0.059) . (0.90)
| Room =--e- Severe Yes Contained
| | (0.10)
f\ e No ---- Propagates
| 7.36E-03 (0.94) (= 4.34E-05)
[---Commun,=-=--=-=- Minor Contained
| Room | (0.059) (0.90)
| eee- Severe Yes ---- Contained
| | (0.10)
P e No ----  Propagated
| 4.42E-02 (0.94) (= 4.34E-05)
=== Other =====emsmean=- Minor Contained
Areas | (0.059) (0.90)
== SOVEIQ =-=----meeeene- Y@S ~menrmmmenemmncns Contained ,
| (0.10) (0.90) A
No Yes -=--- Contained f
| (0.10)
. === NO =---- Propagates
(= 2.61E-05)
Total Ignition Frequency 5.89E-02
Total Propagation Frequency 1.13E-04

Using the values noted above, this gives a frequency for fires that are assumed to
propagate to the Cable Spreading Room of 1.13E-04. Once the fire has grown to affect
the Cable Spreading Room, however, fire propagation will be prevented by the fire
suppression system installed in the spreading room. For purposes of this evaluation,
even suppressed fires are assumed to lead to a total loss of all offsite power. Following
failure of spreading room suppression, Control Room Evacuation is conservatively
assumed to be required. As abovs, this is assigned a conditional core damage frequency

of 0.10.
Automatic
Suppression
(0.96)
1.13E-04 Yes Total LOSP assumed to occur
(= 1.08E-04)
| (0.04)
------ No ------  Control Room Evacuation assumed to be required

' (= 4.52E-06)
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‘ The evaluation of each of these cases is shown in Table 6-11, below.

Table 6-11
Fire Growth from 593’ to Cable Spreading Rooms
Case Probability | Core Damage
Case Frequency | of Core Frequency
Description (F1) Damage (F1 x P2)
(P2)
Suppressed Fire 1.08E-04 1.57E-06 1.70E-10
(Assumed Total LOSP)
Unsuppressed Fire 4.52E-06 0.10 4.52E-07
Control Building Evacuation

Total 1.13E-04 4.52E-07

Since the total core damage frequency for these cases is less than 1E-06, this potential
multiple area fire can be screened from consideration. This evaluation remains
conservative in that all medium and severe fires that occur on the 593’ elevation and
remain unsuppressed are assumed to breach the ceiling boundary into the Cable
Spreading Room. This boundary consists of reinforced concrete, which has an equivalent
fire rating of 1.5 hours, but has penetrations that may not be sealed to this fire rating
equivalency. Therefore, fire propagation to the Cable Spreading Room is conservatively
assumed to occur.

Also, it should be noted that unsuppressed severe fires in the Unit 2 Auxiliary Instrument

Room are assumed to require Control Room abandonment (see Table 6-7, above). This
case also bounds the potential multiple area fire.

6.2.8 Fire Compartment 16-2, Cable Sprea@q Rooms (CSR)

This area is located below the Control Rooms, at the 606 foot elevation. The Cable
Spreading Room dimensions are approximately 30 by 450 feet, with a total floor area of
approximately 13,000 square feet. Although the floor/ceiling interface with the 593 foot
elevation (compartment 16-1) and the ceiling/floor interface with the Control Rooms
(compartment 16-3) and the walls between rooms are not fire rated, these area
boundaries are of substantial construction, using non-combustible materials that are
equivalent to a fire rating of 1.5 hours.
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This area is protected by an automatic preaction sprinkler system that utilizes closely
spaced, high density design Quick Response Sprinkler (QRS) heads.

Review of the EPRI Fire Events Database (NSAC/178L) shows that there have been four
Cable Spreading Room fires in the commercial nuclear industry. All of these fires
occurred inside electrical cabinets, with one inside an inverter cabinet, one affecting an
actuation relay and the other two affecting circuit and alarm printed circuit cards only.
Unit shutdown was only indicated for one of the fires and there is no indication of plant
trip in any of these instances. Due to the sparse nature of this data (4 entries in
approximately 1200 years of reactor experience), this information is used only as an
indication of the nature of fires in the Cable Spreading Room and as an indication of the
level of conservatism introduced by assuming component damage and plant trip for all
fires in this area.

it should be noted that Browns Ferry has had a significant fire that developed from the
Cable Spreading Room. Within the Fire Events Database, this event was assigned as
a transient fire source. While the polyurethane that was used for penetration seals at the
time of the fire has been removed from consideration as a fire source, the impact of this
fire is conservatively evaluated for this analysis as Case 2, which is described below. For
further description of the fire itself, see "Cable Fire At Browns Ferry Nuclear Power Plant"
in the July 1976 issue of Fire Journal.

Since this area has fire detectors installed to provide area wide coverage, the initial fire
brigade responder is expected to be on the scene and capable of suppressing a minor
fire before damage to other plant components occur. Since the fire sources in this area
are predominantly transient fire sources, a minor fire fraction of (100% - 5.9% =) 94%
is applied to fires in this area, as described in Section 6.2.1. For purposes of this
analysis, then, 5.9% (= 12/205) of all fires in this area are conservatively assumed to
require Control Room evacuation if not suppressed.

The fire ignition frequency calculated for this area in Attachment B is 1.344E-02 and the
preaction sprinkler failure rate (from the EPRI documentation) of 0.05. Following failure
of automatic suppression for severe fires, manual suppression (through use of hose
streams or other response equipment) prior to Control Room evacuation is assigned a
failure rate of 0.10. Given this information, the event tree for this area can be graphically
shown as:
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Severity Suppression

1.344E-02

Automatic Fire
(Sprinklers) Brigade

(0.94)

............. Minor Case 1 - Total Loss of Feedwater

(0.059) (0.95) (=1.26E-02)

---- Major Yes Case 2 - MSIV closure with

| (0.05) (0.9) failure of HPCI/
No Yes =--- Case 2 - RCIC/CS
| (0.1) (=7.87E-04)
----- No «--- Case 3 - Control Room Evacuation

(=3.95E-06)
(=1.34E-02)

This information can be used to generate the following cases:

Case 1

Fires that are contained to a single cable tray (i.e. minor fires, capable of
being suppressed with portable extinguishers). Due to the plant component

" damage that is conservatively assumed to occur for all fires in this area, this

Case 2

Case 3

is modeled as a total loss of feedwater, which requires successful actuation
of HPCI or RCIC to maintain high pressure RPV injection. The Sandia studies
shown in NUREG/CR-5384 (SAND89-1359) list an ignition time of 12 minutes
for fire retardant coated cables following test fires in a lower cable tray using
diesel fuel or natural gas burners. This time is adequate to ensure an initial
manual response with portable fire extinguishers prior to fire growth to include
a second cable tray for minor fires, as described above. This case fails the
primary means of high pressure injection, questioning HPCI| and RCIC
operation to maintain RPV water level.

Fire growth to include a second cable tray, following a severe fire with
successful suppression by either the installed automatic preaction system or
by the fire brigade. This is modeled as an MSIV closure with failure of HPCI,
RCIC and low pressure ECCS injection with core spray. It should be noted
that this case assumes failure of all high pressure injection sources, except
for control rod drive hydraulics, in addition to failing all low pressure injection
sources except main condensate and RHR. This set of impacts was selected
because it models the Unit 1 control functions that were eventually lost during
the cable fire that occurred at Browns Ferry on March 22, 1975.

Fire growth to include more than two cable trays. This condition is assumed
to occur for all fires that were suppressed with installed systems or by hose
streams (i.e. more severe fires), but for which suppression by the automatic
system and by the fire brigade was unsuccessful.
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0 It should be noted that, for most fire retardants tested in the Sandia studies,

there was no ignition of the upper trays. Following fire brigade failure to

suppress the fire at an assigned frequency of 0.10 (i.e. the fire brigade fails

to suppress 10% of these fires), this case is modeled as requiring evacuation

of the Control Building. Due to the predominance of operator contributions to

core damage under this situation, a conditional core damage frequency of

0.10 was assigned, regardless of the control functions that remain operable

from panel 2-25-32 and other locations within the plant itself. This value

compares to the 0.074 and 0.064 values for Control Room evacuation given

in NUREG/CR-4550 for Peach Bottom Unit 2 and Surry Power Station,
respectively.

The evaluation of each of these céses is shown in Table 6-12, below.

Table 6-12
Evaluation of Cable Spreading Room Fires

Case Probability | Core Damage
Case Description Frequency of Core Frequency
(F1) Damage (F1 x P2)

. (P2)

Case 1 Total Loss of Feedwater | 1.26E-02 1.44E-06 1.81E-08

Case 2 MSIV Closure with 7.87E-04 4.39E-05 3.45E-08
HPCI, RCIC and CS
Failure
Case 3 Control Building 3.95E-06 0.10 3.95E-07
Evacuation
Total 1.34E-02 4.48E-07

Since the total core damage frequency for all of these cases is less than 1E-06, this area
can be screened from further consideration.

It should be noted that Case 3, which assumes that abandonment of the Control Room
is required, is judged to bound the conceivable case where a fire would initiate in the
Cable Spreading Room and then propagate through non-fire rated barriers to the Control
Room or to the 593 foot elevation of the Control Building fire area.







This evaluation remains conservative in that a total loss of main feedwater is assumed
to occur for any and all fires in this area. Following successful manual or automatic
suppression of a severe fire, the fire is conservatively assumed to approximate the severe
fire from March, 1975, despite the plant changes that have been incorporated since then
and the fact that this fire burned for more than seven hours before finally being
suppressed. Following failure of manual suppression, the actions of the fire brigade to
suppress the fire prior to Control Room evacuation are conservatively not modsled.
Finally, Control Room evacuation is assumed to be required for any severe,
unsuppressed fires in this area.

6.2.9 Fire Compartment 16-3, Control Rooms

Compartment 16-3 is a large common area that runs approximately 450 feet along the
length of the Control Building. The Unit 1 and Unit 2 Control Rooms share a common
area and are separated from the Unit 3 Control Room by the Relay Room and the
Technical Support Center, which has automatic sprinkler fire suppression installed.
Therefore, fire propagation from the Unit 3 Control Room into the Unit 1/Un|t 2 Control
Room area is not judged to be feasible.

The Unit 2 control area is laid out in a "U" shape, with the main generator and other
associated controls located immediately to the left of the entrance. Following the control
panel sections around to the right, the other balance of plant and main feedwater controls
are located on panel 2-9-8, to the left of the main core map area. To the right of the core
map area is panel 2-9-3, which contains the following controls, looking from left to right:

MSIV Controls
Primary Containment Isolation

RCIC

SRV Actuation/ADS
Division | Core Spray
Division | RHR

Division Il RHR
Division Il Core Spray
HPCI

Internal barriers exist between the panel section that controls primary containment
isolation and RCIC and the panel section that controls Division | and Division || ECCS
functions. :
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During reviews of the boundaries between this area and the Cable Spreading Rooms
(located below), it was determined that a fire is unlikely to propagate through the Control
Room floor into the Cable Spreading room. This is discussed in Section 6.3.1.

In general, if a fire occurs in the Unit 1 Control Room area, this will have no impact on
Unit 2 operation. In the case of a severely involved fire, though, the Unit 2 Control Room
may eventually have to be evacuated due to smoke and other products of combustion.

Review of industry experience reveals that there have only been 12 Control Room fires.
Of these, only 2 resulted in plant trip (one due to an electrical fault in the main turbine
EHC system and a second due to manual reactor trip from hot shutdown during control
rod testing upon actuation of a single fire alarm in the relay room). Both of these events
occurred in 1985, at different plants. This review also showed that, of the 7 Control
Room fire entries that specify fire duration and suppression times, only 2 burned for more
than 2 minutes. Both of these fires were put out within 5 minutes. Of these fires, 5 were
put out with portable extinguishers, while the other 2 did not require suppression before
burning out on their own. This review provides the following general indications:

Only 1 in 6 Control Room fires is expected to be severe enough to warrant a
plant trip. This includes one entry where the operator tripped the unit based on
indication of a fire alarm only.

In general, Control Room fires do not burn as long or as hot as the Sandia
studies indicate would be required (540 seconds, or 9 minutes, to obscure vision
at eye level due to smoke, from Sandia test 23 results) to force Control Room
evacuation. Also, the Sandia test assumes a much more severe fire than
industry experience has ever recorded for the Control Room. The short
durations for Control Room fires that have been seen in the industry may also
be due to the continuous presence of personnel. The Sandia test also assumes
that the fire will not be detected until 30 seconds after ignition. While this
response time may be indicative of installed fire detection systems installed, only
2 of the 8 Fire Events Database (NSAC/178L) Control Room fire entries that
identify the means of detection list fire detection equipment. The remaining 6
entries identify plant personnel as the means of fire detection.

While the industry data indicates that a large share of Control Room fires do not even
warrant plant trip, this experience is of such a sparse nature (12 Control Room fires in
more than 1200 reactor years of experience) that it is used to provide an indication of the
level of conservatism in this evaluation, rather than as a basis for quantitative analysis.

The evaluation of fires in the Control Room area is based on the guidance given in

Appendix J of the EPRI Fire Risk Analysis Implementation Guide (draft report, January
1994).
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In essence, this process consists of evaluating the Control Room panels for any potential
impact on plant operation due to loss of controls and a review of plant systems for those
that would not continue to operate following an assumed Control Room abandonment
beginning 15 minutes after the fire and lasting until 60 minutes after fire ignition for
unsuppressed fires. Fire suppression is credited by the operating shift personnel using
values from the Human Cognitive Reliability (HCR) correlation with a best estimate of
3.4E-03.

As noted above, the most significant Control Room panel, from the aspect of potential
impact on plant operation, is panel 2-9-3. A fire in this panel can induce plant trip through
either MSIV closure or through inadvertent SRV operation. Also, there is the potential for
a fire in this panel to fail high pressure injection and the operator’s ability to depressurize
the plant, though such a fire would have to breach two sets of panel section boundaries.
Based on this evaluation, the analysis of Control Room fires will center on the impacts
of fires in panel 2-9-3. It should be noted that fires in this panel automatically subsume
those other fires that could result in plant trip or total loss of main feedwater, through
MSIV closure.

The total fire ignition frequency for all three plant control room areas was calculated in
Attachment B as 3.534E-02. By dividing this fire frequency evenly among the three
Control Rooms, a frequency of 1.178E-02 per Control Room is generated. Manual fire
suppression by authorized personnel, using available fire extinguishers, before a fire
spreads outside the initial panel of concern, is assigned a failure rate of 3.4E-03, as noted
above.

Graphically, the event tree for this area can be shown as:
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Location Manual
Suppression

3.534E-02 1.18E-02

--- Unit 1 Yes =------- Screened (no Unit 2 impact)
| (0.997) (=1.18E-02)
No Case 1 - Unit 2 Abandoned, no fire
1.18E-02 (3.4E-03) impacts (=4.01E-05)
--- Unit 2 Yes =-scven- Case 2 - MSIV Closure/RCIC Failure
| (0.997) (=1.18E-02)
No Case 3 - Unit 2 evacuation with
1.18E-02 (3.4E-03) fire impacts (=4.01E-05)
--- Unit 3 Screened (no Unit 2 impact)
(=1.18E-02)
(=3.55E-02)

This information can be used to generate the following cases:

Case 1

Case 2

Case 3

Unit 2 abandonment due to smoke from an unsuppressed fire in the Unit 1
control area. While this case has no fire-induced failures, long term operation
of main feedwater and HPCI is conservatively assumed to fail prior to Control
Room re-entry. Manual control of RCIC injection is available from the remote
shutdown panel, as directed by the Control Room Abandonment procedure
(2-AOI-100-2). This form of recovery is conservatively not modeled.

MSIV closure with RCIC failure, following fire suppression of a fire in the Unit
2 control area. Damage to plant components is assumed to occur, resulting
in loss of all main feedwater (due to loss of steam flow), which fails the
primary means of high pressure injection. This sequence of events then
questions HPCI operation to maintain RPV water level.

Unit 2 abandonment with fire induced failures (MSIV closure with RCIC failure
and stuck open SRV), following failure of manual suppression for any fire in
the Unit 2 control area. In this case, the assumed damage results in loss of
main feedwater and high pressure injection with RCIC (as in Case 2, above)
and induces a stuck open SRV condition through an assumed hot short,
similar to an induced small break LOCA condition. Recovery from the stuck
open SRV (through de-energizing the associated circuit from the respective
unit battery or 250V RMOV board) is conservatively not modeled. Due to the
assumed failure of only one SRV in an open condition, RPV depressurization
is conservatively required prior to injection with low pressure sources. HPCI
failure is assumed to occur during the evacuation period, prior to Control
Room entry, as described in Case 1, above. ‘
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0 The evaluation of each of these cases is shown in Table 6-13, below.

Table 6-13
Evaluation of Control Room Fires
Case Probability | Core Damage
Case Description Frequency of Core Frequency (F1
(F1) Damage x P2)
(P2)
Case 1 MSIV Closure 4.01E-05 4.39E-05 1.76E-09
Case 2 MSIV Closure/RCIC 1.18E-04 2.35E-06 2.77E-08
Case 3 Control Room 4.01E-05 1.88E-04 7.54E-09
Evacuation with MSIV
Closure, RCIC failure
and Stuck Open SRV
Suppressed Unit 1 Fire 1.18E-02 N/A N/A
Unit 3 Control Room Fire 1.18E-02 N/A N/A
Total 3.55E-02 3.70E-08

Since the total core damage frequency for all of these cases is less than 1E-06, this area
can be screened from further consideration.

it should be noted that Case 3, which assumes that Control Room evacuation is required,
is judged to bound the conceivable case where a fire would initiate in the Control Room
area and then propagate through non-fire rated barriers to the Cable Spreading Rooms,

which are located below this elevation.

This evaluation remains conservative in that all Unit 2 Control Room fires are assumed
to result in component damage and plant trip, where industry experience has shown that
few Control Room fires result in plant trip at all. Also, Control Room evacuation is
assumed to be required for any unsuppressed fires in this area, including those that occur
in the Unit 1 Control Room area.
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6.2.10 Fire Area 18 - Unit 2 Battery and Battery Board Rooms

Review of the initial analysis of this area shown in Section 5.1.18 showed that the upper
bound core damage frequency for this area was slightly over the screening criteria of 1E-
06. Based on the review of fire severity shown in the Fire Events Database see Section
6.2.1, approximately 93% of the fires that would be expected to occur in this type of area
would be put out with portable equipment or allowed to burn out. This response would
be carried out by the first responder on the scene from the fire brigade, who would be
expected to arrive shortly after initial detection of the fire.

For the remaining fires (7.3% of total ignition frequency), all fires are modeled as
becoming engulfing, similar to the analysis shown in Section 5.1.18.

The revised evaluation of this area therefore consists of evaluating 2 cases:

Case 1 A minor fire starts in the battery or battery board rooms. This fire
is then either suppressed by the first responder on the scene or
is allowed to burn out. The Unit 2 battery is assumed to fail prior
to fire suppression. As noted above, this case is assigned 93%
of total area fire ignition frequency or (2.09E-02 x 0.93 = ) 1.94E-
02.

Case 2 A fire starts anywhere in fire area 18 and is eventually suppressed
with hose streams. This fire is conservatively assumed to spread
to envelop and damage all components in the area, similar to the
evaluation shown in 5.1.18. This case is assigned 7.3% of total
area fire frequency, as described in Section 6.2.1, above, or
(2.09E-02 x 0.073 =) 1.53E-03

The evaluation of each of these cases is shown in Table 6-14, below.

6-64




Table 6-14
Evaluation of Fires in Fire Area 18
: Case Probability Core

Case Description Frequency of Core Damage
(F1) -Damage Frequency

(P2) (F1 x P2)

Case 1 | Minor fire, suppressed 1.94E-02 2.39E-05 4.64E-07
Case 2 | Significant fire, assumed to 1.53E-03 5.79E-05 8.86E-08

become engulfing
Total 2.09E-02 5.53E-07

Since the total core damage frequency for all three of these cases is less than 1E-06,
fires in this area can be screened from further consideration. This evaluation is judged
to remain conservative in that all fires, regardless of size or location, are assumed to
result in plant trip, with significant damage to plant components. Also, no credit is taken
for fire suppression, beyond the response of the initial fire brigade member on the scene.

6.2.11 Compartment 25-1 - Intake Pump Station

A large share (80%) of the fire frequency for this area is due to fires in electric cabinets,
fire pumps and in other pumps (primarily circulating water, EECW and RHR service
water). Two cases are analyzed for this area. A second case was necessary to evaluate
a particular set of cable routings near the interface with the cable tunnel area, in the
northwest corner of the pump station. This case is discussed in detail below.

Plant trip would not be expected to occur for a fire in the EECW or RHR service water
pump rooms, even if more than one of these pumps could be affected by a fire. Fire in
a condenser circulating water pump area, particularly if the fire was severe enough to
affect an adjacent pump, could, however, result in a plant trip due to loss of condenser
vacuum.

Fires in this compartment were therefore evaluated by conservatively assuming that all
fires lead to a plant trip on low condenser vacuum. This gives a fire-related core damage
frequency for this case of:

F2c,,, ¢ = 3.58E-02 x 1.47E-06 = 5.26E-08
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As noted above, plant area walkdowns identified a particular cable arrangement near the
interface with the cable tunnel, in which the power cables for RHR service water pumps
powered by division 1 and by division 2 power are routed approximately 6 feet from each
other. In the event of an unsuppressed, severe fire, it is conceivable that such a fire
could result in a loss of all RHR service water and also damage Unit 2 condenser
circulating water pump cables, resulting in a loss of both primary means of removing
decay heat from the plant through failure of the ultimate heat sink.

This case is evaluated by reviewing the appropriate ignition sources for this area from
Attachment B. This information, when taken with the area layout information, reveals that
there are no ignition sources within approximately 20 to 30 feet of this area, except for
cable and junction box ignition sources.

Cable and junction box ignition sources are assigned a total ignition frequency for this
area of 5.352E-04. Due to the potential severity of this case, 10% of this frequency is
arbitrarily assigned to this case.

Transient fire sources for this area have a total ignition frequency of 3.988E-03. Due to
the nature of transient sources, only those occurring within approximately 20 feet of the
area of concern are judged to have the potential to apply to this case. Due to the
geometry of this area, this equates to approximately 400 square feet. Since this section
of the intake structure has a floor area of approximately 360 feet by 50 feet, or 18,000
f£2, only transient ignition sources occurring over about (400/18,000 =) 2.22% of the floor
area would potentially apply to this case.

This is conservative in that it only considers the adjacent floor area, and not the other
elevations of this structure or the RHR service water pump area, as a total effective floor
area for transient ignition sources.

The total potential ignition frequency for this case can then be calculated as:
(5.352E-04 x 10%) + (3.988E-03 x 2.22%) = 1.42E-04

This location is protected by a preaction fire suppression system, which, from the EPRI
FIVE documentation, has an effective failure rate of 0.05. Finally, only severe fires (i.e.
those put out by hose streams or installed systems), as described in Section 6.2.1, are
judged to have the potential to develop to the size required to threaten both trains of RHR
service water. Therefore, a severity factor of 0.059 is applied. The total fire frequency
for this case can now be calculated as:

Flgeoz = 1.42E-04 X 0.059 x 0.05 = 4.19E-07
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Due to the potential severity of this case (i.e. threatening all available means of decay
heat removal, except for the containment vent), a conditional core damage frequency of
1.0 is applied to this case.

Total fire-}elated core damage frequency for the intake pump station can therefore be
estimated as no higher than:

F2 = 5.26E-08 + 4.19E-07 = 4.72E-07

Since the total value for both of these cases is less than 1E-06, this area can be
screened from further consideration. This evaluation remains conservative in that all fires
in this area are assumed to result in a plant trip with loss of main condenser vacuum,
whereas a significant fraction of fires in this area would not be expected to result in plant
trip at all.

6.2.12 Fire Compartment 25-2 - Pipe Tunnel

Due to a lack of plant components in this area, plant trip due to fires in this area would
not be expected. Also, the area has an extremely low fire frequency (9.875E-06),
primarily due a small number of cables that transit through the area.

Since a plant trip would not be expected following any fire in this area, the area can be
conservatively evaluated by assuming a manual reactor trip for all fires in this area. This
gives a fire-related core damage frequency of

F2 = 9.875E-06 x 3.15E-07 = <1E-10
Since this valus is less than 1E-06, this area can be screened from further consideration.
This evaluation remains conservative in that all fires in this area are assumed to result

in a plant trip, whereas a significant fraction of fires in this area would not be expected
to result in plant trip at all.

6.2.13 Fire Compartment 25-3 - Turbine Building

The Turbine Building itself has the highest fire frequency of all areas at the Browns Ferry
site, at 4.50E-01 fires per year. This is primarily due to fires in the Hydrogen
recombiners, which contribute a fire ignition frequency of 2.58E-01.

While a recombiner fire may result in a plant trip for the affected unit, this would be similar
to a turbine or reactor trip, as opposed to a loss of condenser vacuum, loss of offsite
power or loss of feedwater transient. The recombiner components are located in the
Turbine Building basement, in individual compartments for each unit.
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Access to each of these compartments is through a set of offset doorways, preventing
fire growth from one area to another. While these boundaries are not fire rated, they are
of substantial commercial construction, consisting of reinforced concrete, except for the
recombiner tube removal area, which consists of a concrete block wall. Since a fire in
the Unit 1 or Unit 3 recombiners would not be expected to impact operation of Unit 2, a
Unit 2 turbine trip is assumed to result from 1 out of every 3 Hydrogen recombiner fires.

Turbine generator lube oil fires have a total fire ignition frequency of 3.90E-02 and could
be expected to lead to a plant trip for all fires at Unit 2 or any unsuppressed fires at Unit
1 or Unit 3. These areas are supplied with deluge water spray systems, which have a
failure rate, from the EPRI FIVE documentation, of 0.05. Since turbine generator oil fires
contribute a total of 3.90E-02 to fire ignition frequency for this area, unsuppressed fires
would have a frequency of (3.90E-02 x 0.05 =) 1.95E-03. These unsuppressed fires are
evaluated with the total loss of offsite power (LOSP) conditional core damage frequency,
even though manual fire suppression has not been credited and the offsite feed lines for
the 3 units are widely spaced (approximately 100 to 150 feet between adjacent units).

Of the remaining lube oil fire ignition frequency, 2.48E-02 is due to Unit 1 or Unit 3 fires
which are screened out, and 1.22E-02 is due to suppressed oil fires, which are modeled
as leading to a trip of Unit 2. These are evaluated, again, as resulting in a turbine trip.

All fires on the turbine operating deck, regardless of unit, are expected to result in a
turbine trip for Unit 2, if only as a precaution. These fires have a frequency of (1.20E-2
+ 1.65E-02 =) 2.85E-02, from turbine generator exciter and hydrogen sources,
respectively.

Of the remaining Turbine Building fire ignition frequency (1.25E-01), only cases where the
fire is unsuppressed are expected to significantly impact the plant availability of
equipment. These events are modeled as leading to a total loss of offsite power.
Otherwise, suppressed fires at Unit 1 or Unit 3 would not be expected to lead to trip of
Unit 2. Therefore, using a manual suppression factor of 0.1, total loss of offsite power
is modeled as occurring due to fires in the Turbine Building at a frequency of (1.25E-01
x 0.1 =) 1.25E-02.

Graphically, the event tree for this area can be shown as follows:
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‘ Location Suppression Unit

4.50E-01 (2.58E-01) (0.67)
---------- Recombiners Unit 1/3 ---- Screened (No Unit 2 Trip)
| | (0.33) (=1.73E-01)
| = Unit2 ---- Turbine Trip (Case 1)
| (3.90E-02) (0.95) (0.67) (=8.51E-02)
J-=m==- Lube Qil «---- Suppressed ----- Unit 1/3 --- Screened (No Unit 2 Trip)
| | | (0.33) (=2.48E-02)
| | ~Unit2 ---- Turbine Trip (Case 2B)
| | (0.05) (=1.22E-02)
| -- Unsuppressed =---ese-mececee LOSP (Case 2A) ]
| (2.85E-02) : (=1.95E-03)
|---- Turbine Deck Turbine Trip (Case 3)
| (1.25E-01) (0.9) (0.67) (=2.85E-02)
----- Other Areas ---- Suppressed ----- Unit 1/3 --- Screened (No Unit 2 Trip)
| | (0.33) (=7.54E-02)
N -~ Unit2 --- Turbine Trip (Case 4B)
| (0.1) (=3.71E-02)
-- Unsuppressed ----ee--eeeeeeee LOSP (Case 4A)
, (=1.25E-02)
(=4.50E-01)

The total fire-related core damage frequency for the Turbine Building can then be
. evaluated as shown in Table 6-15, below.
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Table 6-15
Evaluation of Turbine Building Fires
Raw Adjusted | Probability Core
Case Ignition Frequency | of Core Damage
Frequency (F1) Damage Frequency
(P2) (F1 x P2)
Case 1 - Unit 2 recombiner | 2.58E-01 8.51E-02 | 3.78E-07 3.22E-08
Case 2A - Unsuppressed 1.95E-03 | 4.63E-05 9.03E-08
lube oil fire
Case 2B - Suppressed lube 3.90E-02 .1.22E-02 | 3.78E-07 4.61E-09
oil fire at Unit 2
Case 3 - Turbine deck fire 2.85E-02 | 2.85E-02 | 8.78E-07 1.08E-08
Case 4A - LOSP dus to 1.25E-02 | 4.63E-05 5.78E-07
unsuppressed fire 1.25E-01
Case 4B - Turbine trip due 3.71E-02 | 3.78E-07 1.40E-08
to other fires
Total 4.50E-01 1.77E-01 7.30E-07

Since the total core damage frequency for all cases is less than 1E-06, this area can be
screened from further consideration.

it can also be noted, from comparison of the values in the "Raw" and the "Adjusted" fire
ignition frequency columns in Table 6-15, that only about 40% of all Turbine Building fires
result in a plant trip of Unit 2. Of the cases evaluated, unsuppressed fires (cases 2A and
4A, which are assumed to lead to a total loss of offsite power) contribute approximately
91% of the total core damage frequency for this area.

6.2.14 Yard Area Fires

The EPRI FIVE documentation gives a separate fire ignition frequency for yard area fires,
which are dominated by catastrophic failure of main transformers. Due to the potential
for fire growth to the Turbine Building or initiation of a loss of all offsite power, these fires
are separately considered.
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0 The 3 cases of this type of fire described in the FIVE documentation are:

1. Yard fire propagating to the Turbine Building. The fire ignition frequency for a
single unit plant is given as 4.0E-03, so this is adjusted to 1.20E-02 for Browns
Ferry. This form of fire is modeled as an unsuppressed lube oil fire (see Section
6.2.10, above), which is modeled as resulting in a total loss of offsite power.

2. Yard fire resulting in a loss of offsite power. The fire ignition frequency given for
this type of fire at a single unit station is 1.6E-03. This value is therefore
adjusted to 4.80E-03 for Browns Ferry. As indicated, this is modeled as a total
loss of all offsite power.

3. Yard - other. This category is used to model those events, primarily main
transformer failures, that do not result in a loss of offsite power. The fire ignition
frequency given for this type of fire at a single station is 1.5E-02, so this is
adjusted to 4.50E-02 for Browns Ferry. Since no material degradation beyond
main transformer failure is indicated, this is modeled as a turbine trip.

The total fire-related core damage frequency for yard area fires can then be evaluated
as shown in Table 6-16, below.

Table 6-16
Evaluation of Yard Area Fires
Probability of Core Damage

Case Frequency | Core Damage Frequency
(F1) (P2) (F1 x P2)
1. Propagates to Turbine Bldg | 1.20E-02 4.63E-05 5.56E-07
2. LOSP 4.80E-03 4.63E-05 2.22E-07
3. Other Yard Area Fires 4.50E-02 3.78E-07 1.70E-08
Total 6.18E-02 7.95E-07

Since the total core damage frequency for all cases is less than 1E-06, yard area fires
can be screened from further consideration.

6-71




TRANSIENT COMBUSTIBLE EXPOSURE
Reactor Building All fire zones

Scenario Descriptiof Trash bag located close to a fixed combustible source

translent combustible

APPRRIRR \*\\

§-. \\3&

gallon Trash F!re 1

(away from wall)

1107

Notes: Critical Heat flux {Q"crit) = 0.5 btu/sec/fit2 (for non-qualified cabl;es)
Damage temperature = 425 F (For non-qualified cable)

Rert =g * 0.4/4° pi * QUcrit MM/2 i

. Hw=[340 * qeff*2/3 / Tcrit]*3/5 (Tcrit = 425 -100 = 325 F)

. Ambient Temperature = 100F i

. HRR = 380 Btu/sec (Reference 1

: ;\I\m&‘&\ Sl

s

IGNITION SOURCE'

Trash Bag

Target: Elect. Cablnet
TARGET THERMAL RESPONSE PARAMETER 30 electrical cabinet SPRINKLER TEMP. RATING (Tsprink) 200
PEAK HEAT RELEASE RATE (q) 380 RADIAL DISTANCE SOURCE TO SPRINKLER (r) 6
EFFECTIVE HEAT RELEASE RATE (qeff) 380 DISTANCE FROM SOURCE TO CEILING (H) 26
RADIANT HEAT RELEASE RATE (grad) 152 q*04 SPRINKLER TIME CONSTANT 100
LINE OF SIGHT DISTANCE FROM SOURCE (R) 5 GAS TEMP. RISE AT CEILING (DTgasplume)’ 79
RADIAL DISTANCE (1) 5 LESSER OF DTgas’ OR 1600 (DTgas,plume) 79
TARGET HEIGHT (2) 0 GAS TEMP. RISE AT SPRINKLER (DTgas,sprink) 63
RADIANT HEAT FLUX AT TARGET (Qrtarget) 0.48 qrad/4*3.14"R*2 SPRINKLER TEMP RISE/GAS TEMP RISE 1.59
CONVECTIVE HEAT FLUX IN PLUME (Qeplume) NA* 0.3"qeff/z*2 DIMENSIONLESS ACTUATION TIME OF SPRINK. NA
TOTAL HEAT FLUX (Qtotal) 0.48 Qrarget + Qctarget  {ESTIMATED SPRINKLER ACTUATION TIME (SEC) { Sprinkler does not
TIME TO CRITICAL DAMAGE (SEC) 3015 (3.14/4)(TRPQtotal)*2 actlvate
PROBABILITY OF FIRE PLUME EXPOSURE DUE TO TRANSIENT COMBUSTIBLE SOURCE :
Pc=Plst*u *"p * w
Pist = 1.000
ums 0.018] (from Figure 6.3)
W = 0.038 "
p = 0.100 "
Ptc (plume effects) = 6.840E-05
Total transient fire frequency 2.260E-02 { (Section 6.1.1) * Target not in plume, ceiling jet or hot gas layer
Probability of target damage 1.55E-06 Targets located in plume are assumed to be damaged prior to sprinkler actu
and gre therefore not evaluated.
FIGURE ©-1







TRANSIENT COMBUSTIBLE EXPOSURE

transient combustible-1 *

Reactor Bullding Al fire zones

m *mm
__gallon lube oil drum

Scenarlo DescriptioeS

llon lube oil located close to a fixed combustible source

NA

Exposed surface area = 2.25 ft2

(away from wall)

Notes:

Critical Heat flux (Q-crit) = 0.5 btu/sec/t2 (for non-qualified cabl;es)

Damage temperature = 425 F (For non-qualified cable)

Rerit =[q * 0.4/4°* pi *

Q'crit JM/2

E

H = [340 * qeff*2/3 / Tcrit]A3/5 (Tcrit = 425 -100 = 325F) -

. Ambient Temperature = 100F

S

CHIDC

SoFERTE

IGNITION SOURCE:

Lube Oll _

Target' Elect. Cablnet

e
.

TARGET THERMAL RESPONSE PARAMETER 30 electrical cabinet SPRINKLER TEMP. RATING (Tsprink) 200

PEAK HEAT RELEASE RATE (q) 250 RADIAL DISTANCE SOURCE TO SPRINKLER (r) 6
EFFECTIVE HEAT RELEASE RATE (qgeff ) 250 DISTANCE FROM SOURCE TO CEILING (H) 26
RADIANT HEAT RELEASE RATE (grad) 100 q" 0.4 SPRINKLER TIME CONSTANT 100

LINE OF SIGHT DISTANCE FROM SOURCE (R) 5 GAS TEMP. RISE AT CEILING (DTgas,plume)' 60
RADIAL DISTANCE (r) 5 LESSER OF DTgas' OR 1600 (DTgas,plume) - 60
TARGET HEIGHT (2) . 0 GAS TEMP. RISE AT SPRINKLER (DTgas,sprink) 48
RADIANT HEAT FLUX AT TARGET (Qrtarget) - 0.32 larad/4°3.14"R*2 SPRINKLER TEMP RISE/GAS TEMP RISE 2.09
CONVECTIVE HEAT FLUX IN PLUME (Qcplume) NA* 0.3°qeff/z*2 DIMENSIONLESS ACTUATION TIME OF SPRINK. NA

TOTAL HEAT FLUX (Qtotal) 0.32 Qrtarget + Qctarget  |ESTIMATED SPRINKLER ACTUATION TIME (SEC) { Sprinkler does not
TIME TO CRITICAL DAMAGE (SEC) 6966 (3.14/4)(TRPQtotal)*2 activate
PROBABILITY OF RADIANT ENERGY EXPOSURE DUE TO TRANSIENT COMBUSTIBLE SOURCE :

Plcw Pfst* u *p * W

Pfst = 1.000

U = 0.0291 (from attached worksheets)

W = 0.038 "

p= 0.100 "

Ptc (radiant effects) = 1.098E-04 | (Section 6.1.1) * Target not in plume, ceiling jet or hot gas layer

Total transient fire frequency 2.260E-02 Targets located in plume are assumed to be damaged prior to sprinkler actug
Probabllity of target damage 2.48E-06 and are therefore not evaluated. .

[ 3
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Plant BEN
Compartment _Unit 2 Reactor Building
Scenario Targets within plume region of

32 gallon trash bag fire

By
Date
Page

PROBABILITY OF TRANSIENT COMBUSTIBLE FIRE EXPOSURE, P,

te: fixed ignition sources should be evaluated before pcrforming these calculations, If a fixed ignition source is shown to be

able to cause damage, and there is no automatic suppxesswn in the area, and manual suppression is not credited, the probability. .

of critical combustible loading (Py) for this compartment is = 1.0, and there is no need to consider Py, Next, an attempt
should be made to screen the compartment with u, p, and/or w conservatively set to 1.0. If unsucessful, calculate one or more
of the followmg to screen the compartment. Additional guidance can be found in Section 6.3.7, Steps 3.5 - 3.8 "Fire-Induced

Vulnerabiltiy Evaluation (FIVE) (EPRI TR-100370, April 1992),

CALCULATE p, the probability of comi)usﬁbls being exposed.

P can be assumed equal to 10% if the plant transient combustible control pmgram has features similar to the following:

e Flammable and combustible liquids in the compartment are stored in approved containers;
¢  Ordinary combustibles or WRP clothing are stored in enclosed metal cabinets or metal containers with fusible link

actuated covers or FM approved self-extinguishing lids;

e All exposed transient combustibles used by plant personnel are removed upon completion of the work unless otherwxsc

approved.
Otherwise, a plant specific value can be obtained by performing a walkdown of significant areas of the plant to determine the
following:
1. | Number of instances whm plant combustibles are found exposed Py Pr=
2. | Number of instances where plant combustibles are found not exposed Py - Pr=
P1+Py P= __0.1

ﬁLCULATE 4, the probability of transient combustibles being located in range of the target (i.c., area ratio).

1. Detcxmmcthesmfaccaxeaoftargctsfacmgtheﬂoor(e.g.traymdthtuns Ae=___x____ |A,=_1000
length)
2. | Determine the critical scpmatxon distance (from radiant energy exposure A from Worksheet | Ag-= _N/A
using Worksheet 3 or CllIe). 3 or Cllle -
3. | Determine the net area of floor space where combustibles could be storedin | Total area, ___ * .8 | Net
the compartment (total floor area minus 20% equipment area) Area= 56,000
4. | Calculate u u= {ActAsy)
Net Area y=_-018

CALCULATE w, the probability of critical amounts cf combustibles being present between inspections.

Critical quantity of transient combustible (from Worksheet 1, 2, or 3, or CIIle)

If this amount is allowed during power operation withouta it, then:
| w=10. I

If this amount is not allowed during power operation without a permit, then calculate w as follows:

' between inspections

1. | Frequency of critical combustible loading is the number of times the critical | F.; = findings/yr | Foy= _1____
quantity was found present in violation of procedures. Use inspection reports
from the NRC, QA, audits, housekeeping, TCC inspections, FP tours, OP
inspections, etc. Divide the total number of mcxdcnts by the number of years
- for which the data was gathered.
2. | Determine the highest frequency of inspection for transient combusublw or | Fy, = inspections/fyr
. plant housekeeping from information on the reverse side. Fy, may be 52
conservatively set to 1.0/year. Fy= 22
3. | Calculate x x=F.JIF, x=_0.019
4, | Probability of critical amounts of transient combustible being present w=(x/2) * In (1/x) 0.038
w= _U.038 |

FIGURE 6.3

XMB (PORMLDOC) 1072652 06:18 PM




Plant BEN
Compartment _Unit 2 Reactor Building
Scenario Targets within radiant exposure

QO

region of 32 gallon trash bag fire

By

Date

Page

PROBABILITY OF TRANSIENT COMBUSTIBLE FIRE EXPOSURE, F,,.

te: fixed ignition sources should be evaluated before perfomung these calculations. If a fixed i lgmuon source is shown to be
able to cause damage, and there is no automatic suppressxon in the area, and manual suppression is not credited, the probability
of critical combustible loading (P¢.p) for this compartment is = 1.0, and there is no need to consider Pg.. Next, an attempt
should be made to screen the compartment with u, p, and/or w conservatively set to 1.0. If unsucessful, calculate one or more
of the following to screen the compartment. Additional guidance can be found in Section 6.3.7, Steps 3.5 3.8 "Fire-Induced
Vulnerabiltiy Bvaluation (FIVE) (EPRI TR-100370, April 1992).

CALCULATE p, the probabxhty of combusﬁblm being exposed.

P can be assumed equal to 10% if the plant transient combustible controf progtam has features sxmdar to the following:

Flammable and combustible liquids in the compartment are stored in approved containers;
Ordinary combustibles or WRP clothing are stored in enclosed metal cabinets or metal containers with fusible link

actuated covers or FM approved self-extinguishing lids;

All exposed transient combustibles used by plant personnel are removed upon completion of the work unless otherwxse

approved.
Otherwise, a plant specific value can be obtained by performing a walkdown of significant areas of the plant to determine the
following:
1. | Number of instances where plant combustibles are found exposed | Py Pr=
2. | Number of instances where plant combustibles are found not exposed Py Py=
P+ Py P= _L_I)__l_

fALCULATE u, the probability of transient combustibles being located in range of the target (i.e., area ratio).

1. | Determine the surface area of targets facing the floor (c.g. tray width times | Ag= x Ac= 1500 ft¢
length)
2. | Determine the critical scparanon distance (from radiant energy exposure A from Worksheet | A= 100 _ft<
using Worksheet 3 or Cllle). CRITICAL RADIAL DIST = 5.0' 3 or Cllle .
3. | Determine the net area of floor space where combustibles could be stored in | Total area, ___* .8 | Net
the compartment (total floor area minus 20% equipment area) Area=56,000
4, | Calculate u = (ActAsy)
"~ Net Arca u=_0.0289

CALCULATE w, the probability of critical amounts cf combustibles being present between inspections.

Critical quantity of transient combustible (from Worksheet 1, 2, or 3, or ClIe)

If this amount is allowed during powu' operation without a permit, then:
l w= L0. I

If this amount is not allowed during power operation without a permit, then calculate w as follows:

1.

Frequency of critical combustible loading is the number of times the critical
quantity was found present in violation of procedures. Use inspection reports
from the NRC, QA, audits, housekeeping, TCC inspections, FP tours, OP
inspections, etc. Divide the total number of mcxdents by the number of years

“for which the data was gathered,

Frpy = findings/yr

Fopr= I S

F,, = inspections/yr

between inspections

2. |.Determine the highest frequency of inspection for transient combusublm or
plant housekeeping from information on the reverse side. £, may be 50
conservatively set to 1.0/year. Fy=, 32
3. | Calculate x x=F.JIF, x=_0.019
4, | Probability of critical amounts of transient combusuble being present w=(x/2) * In (1/x) 0.038
w= .90

FIGURE 6.4
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7. DOCUMENTATION OF RESULTS (PHASE lil)

In keeping with the requirements of Supplement 4 to Generic Letter 88-20 (NUREG 1407)
and the guidance provided by the EPRI FIVE documentation, this evaluation has
confirmed that there are no fire-induced vulnerabilities associated with the continued
operation of Browns Ferry Unit 2.

The screening evaluation of fire hazards that were performed in the course of this plant
evaluation are summarized in Table 7-1, below. This table shows, as shaded, the level
of analysis within the EPRI FIVE process at which any given plant area was screened
from further consideration and the results from the associated section of this report that
addresses the evaluation. In the case of Unit 2 Reactor Building fire zones, the analysis
was performed by evaluation of individual fire ignition sources, as described in Note 1
below Table 7-1.

Since this evaluation represents the result of a progressive screening analysis, the reader
should be cautioned against summing the fire-related core damage frequency values
developed for any of the individual plant areas described in this report in an attempt to
determine a "total" value for plant risk due to fires. Due to the conservative nature of this
evaluation, these values presented in this report should be considered as upper bounding
values only. Thatis, this evaluation has shown that the total core damage frequency due
to fire-initiated plant trips for each of the plant areas at Browns Ferry Unit 2 is no higher
than the value listed in Table 7-1. Due to the conservative nature of this evaluation, the
"actual" core damage frequency due to fire-related initiating events is judged to be
considerably lower than these values.

Also, due to the progressive nature of this evaluation, the various individual plant areas
and potential fire sources have been screened from further consideration at significantly
different levels of detail in the analysis. For example, the areas that were screened from
further consideration in Section 5 were evaluated by assuming that any and all fires are
severe, engulfing the entire fire area and damaging all plant equipment and electrical
cables in the area. The evaluations described in this section take no credit whatsoever
for automatic or manual fire suppression. The plant areas that are evaluated in a more
detailed analysis in Section 6 are still judged to be conservative, though the level of
conservatism in these evaluations is not as drastic as that used in the initial evaluation.







Area

Table 7-1
Summary of Results

Description
of Area

Areas
Screened
During
Qualitative
Analysis
(Phase 1)

Areas Screened During
Quantitative Analysis
(Phase Il)

Detailed
Analysis
(Section 6)

Initial-
Screening
(Section 5)

Unit 1 Reactor Building

2-1 | Unit 2 Reactor Building, West
519’ - 565’ Elevations
2-2 | Unit 2 Reactor Building, East
519’ - 565’ Elevations
2-3 | Unit 2 Reactor Building,
North 593’ Elevation
2-4 | Unit 2 Reactor Building, 593’
South and RHR Heat
Exchanger Rooms
'2-5 | Unit 2 Reactor Building, 621’
and North Side of 639’
2-6 | Unit 2 Reactor Building,
South 639* Elevation
3 Unit 3 Reactor Building
4kV Shutdown Board Room
B
5 4kV Shutdown Board Room
A and 250V Battery Room
6 480V Shutdown Board Room
1A
7 480V Shutdown Board Room
1B
8 4kV Shutdown Board Room

D




Table 7-1

Summary of Results

Areas
Screened
During
Qualitative
Analysis
(Phase |)

Areas Screened During
Quantitative Analysis

(Phase lI)
Initial Detailed
Screening Analysis
(Section 5) | (Section 6)

Area Description
of Area
9 4kV Shutdown Board Room

C, 250V Battery Room

10 | 480V Shutdown Board Room
2A
11 480V Shutdown Board Room
2B
12 | Shutdown Board Room F
13 | Shutdown Board Room E
14 | 480V Shutdown Board Room
3A
15 | 480V Shutdown Board Room
3B
16-1 | Control Bay - 593’ Elevation
16-2 | Cable Spreading Room
16-3 | Control Rooms
17 | Unit 1 Battery and Battery
Board Room
18 | Unit 2 Battery and Battery
Board Room
19 | Unit 3 Battery and Battery
Board Room
20 | Unit 1 and 2 Diesel
Generator Building
21 Unit 3 Diesel Generator

Building




‘ Table 7-1

Summary of Results

Areas Areas Screened During
Screened Quantitative Analysis
Area Description During (Phase ll)
of Area Qualitative Initial Detailed

('g?]zlg:"?) Screening Analysis

(Section 5) | (Section 6)

22 4kV Shutdown Board Room
3EA, 3EB

23 | 4kV Shutdown Board Room
3EC, 3ED

24 | 4kV Bus Tie Board Room
25-1 | Intake Pump Station
25-2 | Pipe Tunnel

‘ 25-3 | Turbine Building

Notes:

1. The Unit 2 Reactor Building areas were analyzed by individual evaluation of
potential fire sources within the individual fire zones. Only the following sources
were evaluated with a core damage frequency above 1E-07:

Shutdown Board Room HVAC Panel 2.63E-07
2-LPNL-025-0031 2.88E-07
240V Lighting Transformer TL2A 7.17E-07

For completeness, unqualified cables were also included in Table 6-3, with an
upper bound core damage frequency of 5.47E-07

2. No fire area or zone was assigned to the yard area, though, for completeness,
potential fires in this area are evaluated in Section 6.2.14. This evaluation gave
a total upper bound core damage frequency for this area of 7.95E-07.

Review of these results show that only the following potential fire ignition sourcesf/fire area
evaluations resulted in upper bound core damage frequencies that were within a factor
. of 2 of the screening criteria of 1E-06:
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Yard Area Fires, which have an upper bound core damage frequency of 7.95E-
07. This is primarily due to the level of component damage that is assumed to
occur for all fires that breach into the Turbine Building (i.e. total loss of offsite
power). No credit was taken in this evaluation for fire suppression by installed
systems or the fire brigade. Also, no credit was taken for any potential recovery
actions.

Turbine Building (Compartment 25-3), which has an upper bound core
damage frequency of 7.30E-07. This is primarily due to the level of component
damage (i.e. loss of all offsite power) that is assumed to occur for all
unsuppressed fires. Credit was only taken for fire suppression by installed
systems. Fire suppression by the fire brigade and potential recovery actions
were not considered in this evaluation.

240V Lighting Transformer TL2A (Located in Fire Zone 2-5), which has an
upper bound core damage frequency of 7.17E-07. This is primarily due to the
level of component damage that is assumed to occur for all fires in this ignition
source. No credit was taken in this evaluation for fire suppression by installed
systems or the fire brigade. Also, no credit was taken for any potential recovery
actions.

Unit 2 Battery and Battery Board Room (Fire Area 18), which has an upper
bound core damage frequency of 5.53E-07. This is primarily due to the level of
component damage that is assumed to occur for all fires, even those that were
evaluated as minor. No credit was taken in this evaluation for fire suppression
by installed systems or the fire brigade. Also, no credit was taken for any
potential recovery actions.

While no vulnerabilities were identified in the course of this evaluation, several items of
interest were noted:

+ [n general, essential switchgear rooms were noted to have low conditional core

damage frequencies. This is due to the large amount of partitioning between
divisions and trains at the Browns Ferry plant. For example, RHR pumps A, B,
C and D are each supplied from a different 4kV shutdown board, each of which
is located in a different fire area. The four core spray pumps are supplied in a
similar fashion. This design prevents the failure of a single shutdown board,
whether due to fire or due to independent hardware failure, from failing an entire
division of a given ECCS system. Also, the unit battery boards are set up to
allow the maximum level of flexibility and redundancy between the three units.




Several potential fire sources were noted to be located in close proximity to risk-
significant components and cables. Most notable of these were the shutdown
board room HVAC compressor motor, which is mounted above the shutdown -
board room and is located below cable runs that could potentially impact the

-operation of a number of safety related components, and the Unit 2 preferred AC

transformer, which is also located in such a way that a number of safety-related

~ cables fall within the potential zone of influence.

Division 1 and 2 related switchgear was noted to be in close proximity (i.e.
separated by a three to four foot wide walkway) in two cases (4kV shutdown
board rooms C and D).

As expected, oil filled transformers have the potential to generate significant
amounts of heat and cause extensive damage to components in the area. Ina
similar fashion, the recirc MG sets can act as significant fire sources due to the
large amount of lubricating oil present. While many of the transformers have
been replaced with air cooled units, the remaining oil filled units still pose the
threat of developing a severe fire, even though the plant design will protect
against core damage. Plant training should therefore continue to ensure that fire
brigade members are cognizant of these hazards.







8. NEW AND REMAINING ISSUES (PHASE Ill)

This includes response to and resolution of the Sandia Fire Risk Scoping Study (NUREG
5088) issues and the evaluation of containment isolation and heat removal. Also, the
individual requirements for performance and documentation of a fire IPEEE, as specified
in NUREG 1407, are addressed.
8.1 Evaluation of Containment Heat Removal and Isolation
The Phase Il analysis concluded that the likelihood of loss of safe shutdown capability for
all Browns Ferry fire areas and compartments is less than 1E-06 per reactor year (i.e. the
core damage frequency from a particular fire-initiated event is negligible). Therefore, a
separate analysis of containment performance and potential degradation due to the
impact of fire-related component damage is not necessary.
A separate discussion of the potential for fire-induced containment bypass scenarios is
provided in Section 5.
8.2 Treatment of Sandia Fire Risk Scoping Study Issues
The EPRI FIVE documentation discusses the following six issues to be addressed.

1.  Seismic/fire interactions.

2.  Fire barrier qualification.

3. Manual fire fighting effectiveness.

4. Total environment equipment survival.

5. Control systems interaction.

6. Improved analytical codes.
These issues, which were originally taken from the Fire Risk Scoping Study (NUREG/CR-
5088) performed by Sandia Laboratories (the Sandia Fire Risk Scoping Study Issues) are

discussed below. The specific responses for each of these concerns for the Browns
Ferry Unit 2 analysis are listed in italics directly below the description of the Sandia issue.
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‘ 8.2.1 Seismic/Fire Interactions

The issue of seismic/fire interactions centers on the following 3 areas of interest:

» Seismically induced fires. In particular, this concern centers on fires caused by
flammable gas or liquid storage containers or systems that could rupture during
a seismic event.

« Seismic actuation of fire suppression systems. In particular, this concern centers
on the failure of electrical or other components due to water sprays.

» Seismic degradation of fire suppression systems. In particular, this concern
reviews the plant design for fragility of fire suppression systems to a seismic
event.

Each of these areas of interest is described in detail below.

8.2.1.1 Seismically Induced Fires

As part of the seismic assessment walkdown, verify hydrogen or other flammable gas or
liquid storage vessels in areas with seismic safe shutdown or safety related equipment
are not subject to leakage under seismic conditions. Examples would be improperly
anchored hydrogen or oxygen bottles, hydrogen tanks used for primary coolant chemistry
control, etc.

Response Hydrogen or flammable gas/liquid storage vessels are not kept
on a permanent basis in the Reactor Building, Diesel
Generator Buildings, Control Building or the Intake Pump
Station.  Site standard practice 12.7 (Reference 26),
Housekeeping/Temporary Equipment Control, provides the
requirements for this type of combustible, including the
requirement that compressed gas cylinders be tied to
permanent structural features, using methods as described in
the standard practice.

In addition, the seismic walkdown required for the seismic
portion of the IPEEE will identify any potential for seismic
class Il components affecting seismic class | components in
safely related areas.




8.2.1.2 Seismic Actuation of Fire Suppression Systems

As part of the seismic assessment, verify that the design of the water suppression system
considers the effects, if appropriate, of inadvertent suppression system actuation and
discharge on that equipment credited as part of the seismic safe shutdown path in a
margins assessment that was not previously reviewed relative to the internal flooding
analysis or concerns such as those discussed in NRC I&E Notico 83-41.

Response This issue was also addressed by Information Notice 94-12,
Effects of Fire Suppression System Actuation on Safety
Related Systems. The Browns Ferry response to these issues
was as follows:

1. Mercury Relays. No mercury relays are present in the fire
protection control systems.

2. Seismic Dust/Smoke Detectors.  Smoke and/or heat
detectors are used at Browns Ferry to actuate fire
suppression systems in various areas of the plant. The CO,
systems are actuated by heat detectors or by a combination
of smoke and heat detectors. Therefore, dust particles
created during a seismic event alone will not activate the
CO, systems.

Most safety related areas in the plant are protected with
fusible link (closed head) preaction sprinkler systems. If the
preaction sprinkler system is inadvertently actuated (due to
a seismic event), there will still be no water discharge due
to the closed head sprinklers. The only safety related areas
where open head spray systems area used are in the Unit
1 Reactor Building cable trays and the Unit 3 Diesel
Generator Building cable and pipe tunnel area cable trays.
The Unit 1 spray system is planned to be decommissioned
prior to restart and the pertinent areas of the Unit 3 DG
building do not contain any components that are susceptible
to water damage. As part of the Appendix R analysis, fire
suppression damage evaluations have been made. It has
been concluded that spurious discharge of water from fire
suppression systems will have no adverse impact on the
safe shutdown capability of the plant.







Water Deluge Systems. As noted above, open head deluge
systems are only used for cable tray protection in two areas
of the plant that contain safety related equipment. These
systems do not provide protection for electrical cabinets or
non-spray proof components.

Fire Suppressant Availability during a Seismic Event. Halon
systems ‘are not used to protect areas that contain safety
related equipment. The CO, systems are seismically
qualified, with the exception of the refrigeration system,
which is not required except for prolonged periods. The
water suppression system used three electric motor driven
pumps and one diesel driven fire pump. The pumps and
associated 4kV shutdown boards are located in seismic
class 1 structures.

Switchgear Fires. There are fow cases where electrical
cables and raceways are located close to the top of
electrical cabinets and could become directly involved in a
fire. These cases are evaluated in Section 6.1 of this
report. .

Electro-Mechanical Components - in Cable Spreading
Rooms. No electric cabinets are present in these areas at
Browns Ferry. HVAC equipment and control panels in
these areas are installed such that tipping or sliding is
prevented.

8.2.1.3 Seismic Degradation of Fire Suppression Systems

As part of the seismic assessment walkdown, verify that plant fire suppression systems
have been structurally installed in accordance with good industrial practice and reviewed
for seismic considerations, such that suppression system piping and components will not
fail and damage safe shutdown path components, nor is it likely that leaking or cascading

of the suppressant will result.

Response

The fire protection system piping is designed to maintain
pressure boundary integrity where spray damage to safety
related components would affect the safe shutdown capability
of the plant. The fire protection system piping is designed at
a minimum for position retention (seismic I/l design criteria).
Additionally, the seismic portion of the IPEEE analysis will
identify any potential outliers, where seismic class Il
components could damage seismic class | components.
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‘ 8.2.2 Fire Barrier Qualifications
The concern for fire barrier qualification centers on the following 4 areas of interest:
 Fire barrier surveillance program.
* Inspection and maintenance of fire doors.

 Installation, inspection, surveillance and maintenance of penetration seal
assemblies.

* Inspection, testing and maintenance of fire dampers.
Each of these areas of interest is described in detail below.
8.2.2.1 Fire Barriers

Fire barriers and components such as fire dampers, fire penetration seals and fire doors
for fire barriers are included in the plant surveillance program.

Response Fire barriers are included in the Browns Ferry plant
surveillance program. Surveillance instruction 0-SI-4.11.G.1a,
‘ Visual Inspection of Fire Rated Barriers (Floors, Walls and
Ceiling), is performed to verify the functional status of required
fire rated barriers, including mechanical pipe fire rated
penetration seals and external electrical conduit fire rated

seals by performing a visual inspection.

8.2.2.2 Fire Doors
A fire door inspection and maintenance program should be implemented at the plant.

| Response The inspection of fire doors is addressed by surveillance
| instruction 0-SI-4.11.G.2.b, Fire Door Inspection.

8.2.2.3 Penetration Seal Assemblies

a. A penetration seal inspection and surveillance program should be implemented at the
plant.




Response The surveillance and inspection of penetration seals is
addressed in surveillance instructions 0-SI-4.11.G.1.a, Visual
Inspection of Fire Rated Barriers (Floors, Walls and Ceiling),
and 0-SI-4.11.G.1.c (2), Visual Inspection of Cable Tray
Penetrations in Fire-Rated Barriers.

b. Fire barrier penetration seals have been installed and maintained to address
concerns such as those identified in NRC Information Notice 88-04.

Response Fire barrier penetration seals at the Browns Ferry Nuclear
Plant have been installed and are maintained in compliance
with the relevant Appendix R requirements, as described in
Volume 1 of the Browns Ferry Fire Protection Report.

8.2.2.4 Fire Dampers

a. An inspection and maintenance program for fire dampers should be implemented at
the plant.

Response The inspection and testing of fire dampers is addressed by
surveillance instructions 0-SI-4.11.G.1.b, Visual
Inspection/Test of Appendix R, Unit 2, System 64 Fire
Dampers (Unit 2 Reactor Building), 0-SI-4.11.G.1.b (1), Visual
Inspection/Test of Appendix R System 80 Fire Dampers
(Radwaste Building), 0-SI-4.11.G.1.b (2), Visual
Inspection/Test of Appendix R System 31 and 39 Fire
Dampers (Control Bay) and 0-SI-4.11.G.1.b (4), Visual
Inspection/Test of Appendix R Fire Dampers (other areas).

b. Damper installations address concerns such as those identified in NRC Information
Notice 89-52, "Potential Fire Damper Operational Problems," dated June 8, 1989 and
NRC Information Notice 83-69, "Improperly Installed Fire Dampers at Nuclear Power
Plants," dated October 21, 1983.

Response Fire dampers at the Browns Ferry Nuclear Plant are installed
to meet the Appendix R compartmentation requirements.
These dampers are inspected as described in Volume 1 of the
Browns Ferry Fire Protection Report. Recent fire damper
installations in the Unit 3 Reactor Building are of the
"dynamic” type. That is, these dampers are designed to close
under rated air flow conditions. For other areas of the plant,
procedures are in place to shut down the HVAC systems for
fires in those areas, enabling the fire dampers to close.
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‘ All Appendix R fire dampers are tested by removing the
fusible links and ensuring that the dampers close properly
("drop test").

8.2.3 Manual Fire Fighting Effectiveness

The concern for manual fire fighting effectiveness centers on the following 6 areas of
interest:

* Fire reporting, including the use and availability of portable fire extinguishers and
plant procedures for reporting fires, including plant communication.

» Fire brigade makeup and equipment.
 Fire brigadse training in the classroom.

» Fire brigade practice in hands-on structural fire training and in the use of
equipment.

» Fire brigade drills.
.  Fire brigade training records.
Each of these areas of interest is described in detail below.

8.2.3.1 Reporting Fires

a. Appropriate plant personnel are knowledgeable in the use of portable fire
extinguishers.

Response Plant personnel and fire brigade members receive regular
training in the use of portable fire extinguishers.

b. Portable extinguishers are located throughout the plant.

Response Portable fire extinguishers are placed at key locations
throughout the plant. These locations are identified in the pre-
fire plans shown in Volume 2 of the Browns Ferry Fire
Protection Report, Section IV.

¢. A plant procedure is in use for reporting fires in the plant.

8-7




Response EPIP 21, Fire Emergency Procedure, directs the notifications
required in the event of a plant fire, including fire brigade
members and offsite contacts.

d. A plant communication system that includes contact to the control room is operable
at the plant.

Response All plant personnel are directed, during initial and refresher
General Employee Training, to contact the Control Room in
the event of a fire in the plant. This notification may be by
telephone, from one of the internal plant communication
stations or by plant operations/fire brigade radio.

8.2.3.2 Fire Brigade Makeup and Equipment

8.2.3.2.1 Afire brigade that is made up of at least 5 trained people on each shift should
be maintained at the plant.

Response This requirement (1 brigade leader and at least 4 other
members) is specified in Volume 2 of the Browns Ferry Fire
Protection Report, Section Il (5.1.1).

8.2.3.2.2 The fire brigade leader and at least two other brigade members on each
brigade shift should be knowledgeable in plant systems and operations.

Response This requirement is specified in Volume 2 of the Browns Ferry
Fire Protection Report, Section Il (5.1.2).

8.2.3.2.3 Each brigade member should receive an annual review of physical condition
to evaluate his ability to perform fire fighting activities.

Response This requirement is specified in Volume 2 of the Browns Ferry
Fire Protection Report, Section Il (5.1.3).

8.2.3.2.4 A minimum amount of equipment should be provided for the on site fire
brigade:

a. Personal protective equipment should be provided such as SCBA, turnout
coats, boots, gloves, and hard hats.

Response This requirement is specified in Volume 2 of the Browns Ferry
Fire Protection Report, Section Il (6.1.1.1).
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b. Emergency communications equipment should be provided for fire brigade
use.

Response This requirement is specified in Volume 2 of the Browns Ferry
Fire Protection Report, Section Il (6.1.1.4, 6.1.1.6 and 6.1.1.7).

c. Portable lights should be provided for fire brigade use.

Response This requirement is specified in Volume 2 of the Browns Ferry
Fire Protection Report, Section Il (6.1.1.4 and 6.1.1.5).

d. Portable ventilation equipment should be pfovided for fire brigade use.

Response This requirement is specified in Volume 2 of the Browns Ferry
Fire Protection Report, Section Il (6.1.1.3).

e. Portable extinguishers should be provided for fire brigade use.
Response The locations of portable and other fire extinguishers for fire
brigade use are specified in the pre-fire plans shown in
Volume 2 of the Browns Ferry Fire Protection Report, Section

.

8.2.3.3 Fire Brigade Training

Brigade members should receive an initial classroom instruction program consisting of the
following:

a. A review of the plant fire fighting plan and identification of each individual's
responsibilities.

b. Identification of typical fire hazards and associated types of fires that may occur in
the plant.

c. Identification of the location of fire fighting equipment and familiarization with 'the
layout of the plant, including access and egress routes.

d. Training on the proper use of available fire fighting equipment and the correct method
of fighting each type of fire. The types of fires covered should include fires in
energized electrical equipment, fires in cables and cable trays and fires involving
flammable and combustible liquids and gases.

e. Training on the proper use of communication, lighting, ventilation and emergency
breathing equipment.
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‘ . f. Training on techniques for fighting fires inside buildings and confined spaces.

g. A review of fire fighting strategies and procedures.
Response Fire Brigade training requirements, inbluding those listed in
items (a) through (g), above, are specified in Volume 2 of the
Browns Ferry Fire Protection Report, Section lll.

8.2.3.4 Fire Brigade Practice

Fire brigade members should receive hands-on structural fire fighting training at least
once a year to provide experience in actual fire extinguishment and the use of emergency
breathing apparatus.

Response Fire Brigade practice and drill requirements, including annual
requirements, such as actual fire extinguishment and the use
of emergency breathing apparatus, are specified in Volume 2
of the Browns Ferry Fire Protection Report, Section Ill.

8.2.3.5 Fire Brigade Drills

a. Fire brigade drills are performed in the plant so that each fire brigade shift can
practice as a team. '

Response Fire brigade drill requirements, including practice as a team,
are specified in Volume 2 of the Browns Ferry Fire Protection
Report, Section Il (Appendix B).

b. Drills should be performed at regular intervals for each shift fire brigade.

Response Appendix B of Section Il (Volume 2 of the Browns Ferry Fire
Protection Report) requires drills to be scheduled at least 1
drill per shift per quarter, not to exceed 92 days between
drills.

c. Atleast one unannounced fire drill for each shift fire brigade should be performed per
year.

Response Unannounced drills are to be scheduled on an annual basis,
not closer than 4 weeks apart, as specified by Appendix B of
Section Ill (Volume 2 of the Browns Ferry Fire Protection
Report).




0, d. At least one drill per year should be performed on a "backshift" for each shift fire
brigade.

Response This requirement is specified in Volume 2 of the Browns Ferry
Fire Protection Report, Section Ill (Appendix B).

e. Drills should be preplanned to establish training objectives and critiqued to determine
how well the training objectives have been met.

Response This requirement is specified in Volume 2 of the Browns Ferry
Fire Protection Report, Section Ill (Appendix D).

f. At least triennially, an unannounced drill should be performed for and critiqued by
qualified individuals, independent of the licensee’s staff.

Response This requirement is specified in Volume 2 of the Browns Ferry
Fire Protection Report, Section Ill (Appendix B).

g. Pre-fire plans should be developed for safety related areas of the plant (as a
minimum).

Response Pre-fire plans are provided in Volume 2 of the Browns Ferry
‘ Fire Protection Report, Section IV. These plans include area
access, combustibles in the area, locations of fire suppression
equipment, including hose stations, and radiological hazards.
These plans have been developed for all safety related plant
areas, in addition to other plant areas.

h. The pre-fire plans should be updated and used as part of the brigade training.

Response This requirement is specified in Volume 2 of the Browns Ferry
Fire Protection Report, Section Ill (Appendix B).

i. Fire brigade equipment is maintained in good condition and ready for use by the fire
brigade.

Response Quarterly Inspection of Emergency Equipment (FPO 000 INS
005) specifies the inspection procedures for fire brigade
equipment, such as that contained in equipment cages,
lockers, stretcher cabinets and carts. Also, equipment
operability is verified prior to storage after each drill.

8.2.3.6 Fire Brigade Training Records
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Records are provided for each fire brigade member, demonstrating the minimum level of
training and refresher training has been provided.

Response Fire brigade training records are required to be maintained, as

specified in Volume 2 of the Browns Ferry Fire Protection
Report, Section IV.

8.2.4 Total Environment Equipment Survival

The general issue of total environmental equipment survival centers on the following 3
areas of interest:

» Adverse effects of combustion products on plant equipment.
» Spurious or inadventent fire suppression system actuation.
» Impact on effectiveness of operator actions.

Each of these areas of interest is discussed in detail below.

8.2.4.1 Potential Adverse Effects on Plant Equipment by Combustion Products

a. The FIVE methodology does not currently provide for an evaluation of non-thermal
environmental effects of smoke on equipment. See Section 4.2.2 of EPRI TR-
100370, Fire-Induced Vulnerability Evaluation (FIVE).

Response During the screening evaluation, all equipment in the affected
area was assumed to be damaged by the fire. More specific
plant model impacts were modeled during the detailed
analysis. This treatment is judged to conservatively bound the
impact of non-thermal environmental effects on plant
equipment. Also, these non-thermal effects, such as corrosion
or degradation due to soot or other smoke products occur
over a much longer period than that required to establish cold
shutdown conditions. These impacts on plant equipment,
such as control circuitry and switchgear, would be addressed
during the ensuing plant outage period, as part of corrective
maintenance following the fire.

b. Plant staff should be aware of and sensitive to the potential impact of smoke and
products of combustion on human performance in safe shutdown operations in
application of FIVE.
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0 Response Plant operations personnel receive regular training in the
effective use of SCBA equipment. Also, operator actions were
considered to fail for fires in a given area within the plant

model by failing the associated plant equipment.

8.2.4.2 Spurious or Inadvertent Fire Suppression Activation

Verify that the design of fire suppression systems considers the effects, if appropriate, of
inadvertent suppression system actuation and discharge on equipment credited for safe
shutdown for concerns such as those discussed in NRC I&E Information Notice 83-41.

Response This issue was also addressed by Information Notice 94-12,
Effects of Fire Suppression System Actuation on Safety
Related Systems. The Browns Ferry response to these issues
is discussed under Section 8.2.1.2, above.

8.2.4.3 Operator Action Effectiveness

a. There are safe shutdown procedures that identify the steps for planned shutdown
when necessary, in the event of a fire.

Response Safe shutdown instructions have been developed to address
. the fires that could develop in each area of the plant. These
procedures provide detailed instructions to direct the control
room operator’s response to the potential loss of equipment
and support cables located in each area of the plant.

b. Operators should receive training on the safe shutdown procedures.

Response Discussions with plant operators have confirmed that they
regularly receive training in the use of the safe shutdown
instructions.

c. If, in performance of these procedures, operators are expected to pass through or
perform manual actions in areas that may contain fire or smoke suitable SCBA
equipment and other protective equipment are available for operators to perform their
function.

Response SCBA equipment is located in key locations throughout the
plant, in addition to the equipment that is located in the fire
brigade lockers. Plant operators receive regularly scheduled
training in the effective use of this equipment.




8.2.5 Control Systems Interactions

This issue centers on the concern that safe shutdown circuits are physically independent
of, or can be isolated from, the control room for a fire in the control room fire area.

Response The remote shutdown system provides for plant monitoring
and control stations from which to perform a safe shutdown of
the plant from outside the control bay in the event of control
system damage due to a fire in the Control Room, Cable
Spreading Room or the 593 foot elevation of the Control
Building. This capability is described in Section 7.18 of the
Updated Final Safety Analysis Report. The implementation of

« this capability is directed by Abnormal Operating Instruction 2-
AOI-100-2, Control Room Abandonment.

8.2.6 Improved Analytical Codes

The issue of analytical codes centers on the fire modelling techniques that have been
incorporated into the FIVE methodology. These modeling techniques, which are derived
from the basic correlations used in the COMPBRN llle fire modelling program, have been
reviewed for use in the modeling of fire progression.

Response The correlations shown in the FIVE documentation were used
to generate the zones of influence that were used during the
detailed analysis of Reactor Building areas in Section 6.1.

These correlations are based on updated fire modeling

techniques from those reviewed in the Sandia study.
8.3 Requirements of NUREG-1407
The analysis described in this report was performed in order to meset the informational
requirements of NUREG-1407. In particular, NUREG-1407 specifies the submittal of

documentation for the following areas of interest (Appendix C, Section C.3):

1. A description of the methodology and key assumptions used in performing the
fire IPEEE and a discussion of the status of Appendix R modifications.

Response The fire IPEEE methodology consists of a progressive

screening analysis, based on the EPRI FIVE methodology, as
described in EPRI report TR-100370. '
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Browns Ferry Unit 2 is currently in compliance with all
Appendix R related requirements.

2. A summary of walkdown findings and a concise description of the walkdown
team and the procedures used. This should include a description of the efforts
to ensure that cable routing used in the analysis represents as-built information
and the treatment of any existing dependence between remote shutdown and
control room circuitry.

Response The walkdown findings and procedures are described in
Attachment D. In general, this process confirmed the existing
Appendix R documentation. Cable routing information was
confirmed during this process by physical area walkdown and
review of plant documentation.

The remote shutdown capability was only credited for severe
fires in the Control Bay, which were conservatively assumed
to require Control Room evacuation (see Section 6.2). This
system was specifically designed to provide an independent
control capability for identified plant systems and functions,
including any required control circuitry. The remote shutdown
capability system is described in Section 7.18 (Backup Control
System) of the UFSAR.

3. A discussion of the criteria used to identify critical fire areas and a list of critical
areas, including (a) single areas in which equipment failures represent a serious
erosion of safety margin, and (b) same as (a), but for double or multiple areas
that share common barriers, penetration seals, HVAC ducting, etc.

Response Critical fire areas are considered to be those areas that
contain either any components that are modeled in the Level
1 PRA plant model or any associated support circuitry. During
the qualitative screening analysis (see Section 3.3), all plant
areas were conservatively assumed to contain safe shutdown
equipment or associated support cables. All plant fire areas
were therefore retained for quantitative analysis.

Each of the individual fire areas was then evaluated on a
quantitative basis, assuming that any and all fires would totally
engulf the area and result in a plant trip. If the resulting core
damage frequency was less than 10°, further quantitative
analysis was judged to be unnecessary and the area was
screened from further consideration.  This process is
described in Section 5.

8-15




0 Detailed area analysis was then performed for the Reactor
Building, Control Building and Turbine Building areas, in
addition to shutdown board rooms C and D. This analysis is
described in Section 6. The results of this evaluation are
summarized in Section 7.

Fire hazards that could extend to include multiple fire areas
were screened from further consideration, based on the fire
barrier screening guidelines given in the EPRI FIVE
documentation. This is discussed in Section 3.3. The
potential for a multiple area fire developing on the 593 foot
elevation of the Control Building and propagating to the Cable
Spreading Room, above, was not screened from consideration
through this process. This potential fire is separately
evaluated in Section 6.2.7.

4. A discussion of the criteria used to determine fire size and duration and the
treatment of cross-zone fire spread and associated major assumptions.

Response Fire size was conservatively assumed to be engulfing for all
fires analyzed in the screening analysis described in Section
5. Fires were assumed to entirely consume the fire source for
‘ all Unit 2 Reactor Building fire sources (see Section 6.1).

The Fire Events Database (NSAC/178L) was used as a basis
for fire size for fires analyzed in Section 6.2. Fire duration
was as required to consume the source. Cross-zone spread
of fires was evaluated using the EPRI FIVE criteria, as
described in Section 3.3. A potential multiple fire, developing
on the 593 foot elevation of the Control Building and
propagating to the Cable Spreading Room, above, was
identified through this process. This potential fire is separately
evaluated in Section 6.2.7. |

5. A discussion of the fire initiating event database, including the plant specific
database used. Provide documentation in each case where the plant specific
data is less conservative than the data used in the approved fire vulnerability
methodologies.  Describe methods for handling data, including major
assumptions, the role of expert judgement, and the identification and evaluation
of sources of data uncertainty.
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‘ Response The EPRI Fire Events Database was used to generate fire
ignition frequencies, as described in the EPRI FIVE
documentation. Review of plant experience shows plant
specific data to be no less conservative than the data given in
the FIVE documentation.

Due to the use of a progressive screening analysis, data
uncertainty was not explicitly modeled. For each of the fires
that remained for more detailed analysis, a qualitative
discussion of conservative assumptions and potential recovery
actions is given in Section 6. It should be noted that, with the
exception of the use of the remote shutdown capability for
selected severe fires in the Control Building, recovery of
equipment from fire-induced damage is conservatively not
credited in this analysis.

6. A discussion of the treatment of fire growth and spread, the spread of hot gases
and smoke, and the analysis of detection and suppression and their associated
assumptions, including the treatment of suppression induced damage to
equipment.

Response Fire growth between areas is addressed by using the EPRI
. FIVE criteria, as described in Section 3.3. Detection and
suppression are not evaluated as mitigating any fires in the
screening evaluation that was performed in Section 5 and are
only credited for selected cases, on a case-by-case basis, in
the detailed analysis, as described in Section 6.

Suppression-induced damage is addressed under the
associated Sandia issue in Section 8.2.1.2

7. A discussion of fire damage modeling, including the definition of fire-induced
failures related to fire barriers and control systems and fire induced damage to
cabinets. A discussion of how human intervention is treated and how fire
induced and non-fire induced failures are combined. Identify recovery actions
and types of fire mitigating actions for which credit is taken in these sequences.

Response Fire barrier effectiveness was evaluated using the EPRI FIVE
criteria, as described in Section 3.3 and documented in EPRI
report TR-100370. For this analysis, control systems were
assumed to fail in such a way as to fail the function of the
affected system. It should be noted that this analysis
conservatively assumes that "hot short" failures occur

. whenever necessary to fail the system function.
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‘ Cabinet damage was conservatively assumed to occur for all
fires in the area, with the exception of those areas evaluated
in Section 6, where component damage was typically
assumed to occur, based on the individual case under
consideration.

Human intervention is conservatively not credited in the
screening analysis (Section 5) and is only credited on a case-
by-case basis in the detailed analysis (Section 6), for fire
suppression only. Non-fire induced failures are combined with
fire-related impacts through use of the Level 1 PRA plant
model. With the exception of selected Control Room -
evacuation scenarios, where use of the remote shutdown
system is modeled, no credit is taken in this analysis for
possible recovery from fire-induced failures. In other words,
all fire-induced failures are conservatively assumed to be
irrecoverable.

8. Discuss the treatment of fire detection and’suppression, including fire fighting
procedures, fire brigade training and adequacy.of existing fire brigade equipment
and treatment of access routes versus existing barriers.

‘ Response Fire suppression was only considered in the detailed analysis
: in Section 6, and only on a case-by-case basis. Fire brigade
training, equipment availability and procedures are described

under the associated Sandia issue in Section 8.2.

9. All functional and systemic event trees associated with fire-initiated sequences.

Response The plant model and associated event trees are as described
in the Level 1 PRA/IPE report. Fire-initiated scenarios were
incorporated by failing individual top events within the Level 1
plant model. The individual event trees that were used to
segment fire ignition frequency into individual cases, where
this technique was used, are shown in Section 6.2.

10. A description of dominant functional and systemic sequences leading to
core damage, along with their frequencies and percentage contribution
to overall core damage frequency due to fire. Sequence selection criteria
are as provided in Generic Letter 88-20 and NUREG-1335. The
description of the sequences should include a discussion of specific
assumptions and human recovery actions.
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0 Response The results of the fire risk analysis are summarized and
discussed in Section 7. Due to the use of a progressive
screening approach, as described in the EPRI| FIVE
documentation, individual scenarios are not listed for areas
that were screened from further consideration, based on fire-
related core damage frequency of less than 1E-06.

11.  The estimated core damage frequency, the timing of the associated core
damage, a list of analytical assumptions, including their bases, and the
sources of uncertainty.

Response The results of this analysis are shown in Section 7. The
analytical assumptions used to evaluate each plant area are
provided with the discussion in the associated text. Due to
the use of a screening analysis, plant damage states would
only be evaluated for unscreened areas. Also, a separate
analysis of data uncertainty was not performed due to use of
a screening analysis.

12.  Any fire induced containment failures identified as being different from
those identified in the internal events analysis.

‘ Response Containment failure due to fire-induced damage was
addressed in Section 8.1. This review concluded that no
significant containment failures were introduced by the
analysis of internal fires.

13.  Documentation with regard to the decay heat removal function and Fire
Risk Scoping Study issues addressed by the submittal, the basis and
assumptions used to address these issues, and a discussion of the
findings and conclusions. Evaluation results and potential improvements
should be specifically highlighted. Specifically, NUREG-1407 (Section 4)
specifies that the submittal should address the following Fire Risk
Scoping Study issues:

» Seismic/fire interactions. ‘
 Effect of fire suppressant systems on safety equipment.
» Control system interactions.

Response The issues raised in the Fire Risk Scoping Study
(NUREG/CR-5088) are addressed in Section 8.2.




‘ 14, When an existing PRA is used to address the fire IPEEE, the licensee
should describe sensitivity studies related to the use of the initial hazard,
supplemental plant walkdown results and subsequent evaluations. The
licensee should examine the above list to fill in those items missed in the

existing fire PRA.

Response Only the plant model was used from the Level 1 PRA. In
particular, this model was used specifically to capture the non-
fire induced failures that could occur and to model plant
response, following the incorporation of fire-induced failures.
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ATTACHMENT A
HEAT RELEASE RATES (HRR)

Electrical Cabinets:

The electrical cabinet fire represents a naturally ventilated fire scenario
(ventilation controlled). Vent geometry controls the fire size because vent
geometry limits the amount of air entering and hence limit the amount of oxygen
that may combine with the fuel. The very early stages of fire may however see
fuel limited burning. The BFN electrical cabinets/boards are composed of
several individual cubicles. These cubicles are separated from each other by
internal barriers. Conduit penetrations through the top of the cabinet are sealed
by appropriate metallic fittings. All doors are kept closed and most cabinets have
no ventilation openings. Mostly unqualified cables are used in electrical
cabinets. '

The heat heat release rate for a fire can be calculated by using the following
equation (Reference 21, page 14):
: Q=m AHy .

Where Q is the heat release rate (kJ/s), m is the mass loss rate (kg/s), AH is the
heat of complete combustion of the fuel (kJ/kg), and y is the combustion
efficiency factor. Reference 20 (also Table 5.9, Reference 21) reported that lies
within a relatively narrow range between 0.4 and 0.7. For PVC,  is given as
.357. The value of 7y will be conservatively chosen as 0.5. The above equation
states that the heat release rate can be calculated by multiplying the fuel mass
loss rate by the heat of combustion. However, the mass of fuel vapors actually
participating in combustion is controlled by the availability of air to the fuel and
follows the reaction:

1 kg fuel +rkgair. = (1 + r) kg products.
where r is the stoichiometric air/fuel mass ratio, i.e. r kg of air required to
completely burn 1 kg of fuel. Hence, in order to calculate the maximum HRR,
one should know the value of my; , or the amount of air entering the electrical
cabinet through the ventilation openings. The size of the opening determines the
flow of air.towards the fuel. Reference 21 page 315 reports that:

my; = 0.52 AoV H, kg/s
where my; is the mass of the air entering (kg/s), A, is the area of opening and
H, is opening height (m).
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Assuming stoichiometric burning of fuel, the maximum heat release rate is
calculated as:

Qmax = Mg [AH /1]y x 103kW
The above two equations can be combined to give the maximum heat release rate
of:

Quax = 0.52A,VH, [AH/r]y x 10°kW

Reference 21 Table 1.13 lists the stoichiometric ratio of 2.98 kJ/g of air for
polyvinyl chloride. The mass of air can conservatively be calculated based on a
vent opening in the electrical cabinet of .305m wide x .305m high (12" x 12"
with base of the opening located at floor level) as .027 kg/s. (note that most of
the MCC’s in the reactor building have no vents, see attachment C for details)

Therefore the'heat release rate is calculated to be 56 kW or 53 btu/sec.

i
The above heat release rate therefore is based on a conservative approach of
selecting vent openings which either do not exist in electrical cabinets or are
larger than the ones present.

Actual electrical cabinet fire tests have also been performed and will be
examined for comparison purposes to the above calculated values. Heat release
rates (HRR) were determined for several vertical cabinet fire tests conducted by
Sandia National Labs for NRC (Reference 5). Test PCT # 1, utilized
unqualified cables in a vertical electrical cabinet (3x5x7.5 ft), with closed doors
ventilation grilles (~ 4 sq ft) and in situ combustible loading of 740,000 Btu! The
. closed cabinet test PCT # 1 shows a peak HRR of 175 Btu/sec (includes the
transient fuel source of 68 btu/sec). Open cabinet fire tests show much larger
HRR. The closed cabinet HRR is approximately twice (accounting for the
transient fire source) the above calculated value.

The validity of the calculated method can be verified by using the test cabinet
vent geometry in the above equations. There are 4 vent openings of .369m x
.344m. Assuming the average vent opening height to be 1 meter from the base
and 30% free area, the mass air flow rate is calculated to be .079 kg/s. The
corresponding HRR with a 50% combustion efficiency is then 118 kw or 112
btu/s. The test results show approximately the same HRR when the transient fuel
source contribution is neglected. This shows that cabinet fires are ventilation
controlled fires and smaller vent openings will result in lower HRR. Therefore,

‘}“
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the calculated HRR is in agreement with the test results based on smaller vent
openings and still conservative due to lack of vent openings on most electrical
cabinets. '

Fires may either damage adjacent cabinets/cubicles or possibly, propagate to
adjacent cabinets. Due to the relatively low combustible loading and presence of
internal barriers between cabinets, the fire is not likely to propagate to adjacent
cabinets. The fire tests in Reference 5 indicate the potential of propagation in
cabinets sharing common walls for large fires (~ 1 million Btu) due to
auto-ignition of cables in adjacent cabinet. However, the combustible loading in
individual cabinets/cubicles at BEN is substantially less (see specific electric
board evaluation) to develop auto ignition temperatures (600 C) in adjacent
cabinet. Even if the fire does propagate to an adjacent cabinet, there is a time
delay of ~ 15 minutes and that no significant heat release occurs from the
adjacent cabinet for 15 minutes in which time the original cabinet would have
consumed its combustibles. Since the potential of fire spread to outside the
burning cabinet is dependent on many variables including fire growth rate, cable
configurations, location of adjacent cabinet, barriers between cabinets, etc., it
will be conservatively assumed that a fire simultaneously spreads to at least one
additional (for electrical cabinet with no vents). Fire will be assumed to spread
to a third cabinet if ventilated and cabinets are stacked. Therefore, the HRR for
an electrical board/cabinet fire will be estimated as:

Heat Release Rate per Electrical Board/Cabinet = 2 x HRR per cabinet/cubicle

(for non-vent cabinets)
OR

=3 x HRR per cabinet/cubicle
(for ventilated cabinets and
stacked, neglecting small
cubicles with negligible
combustibles).

Pumps and Transformers:

There are no current fire test data available for pump motors and transformer
HRR. These components are generally located in open spaces. The combustion
process is likely to be fuel controlled rather than ventilation controlled like the
electrical cabinets. The HRR will therefore be based on fuel loading. Again,
electrical cabinet test data will be used for guidance. Data available in Reference

4







page 4

5 and reviewed in Reference 4 suggests that HRR for closed electrical cabinet -
‘ with combustible loading of 1million Btu (non-qualified cables) be taken as 400
Btu/sec.

Pumps and transformers with no oil/grease (neglect minor quantities) will be
considered similar to a closed non-qualified electrical cabinet. HRR will be
computed based on the combustible loading of the component at 400 Btu/sec for
1 million Btu loading or 40 Btu/sec per 100,000 Btu.

Following is an estimate of HRR for electrical boards/cabinets, pumps and transformers
based upon the above discussion:

kktbO/ignition frequency(five)/heat release




480V RMOV BD 2C (Unit 2 Reactor Building EL 565) page 5 ignition freq (five)HAR.WKZ

Number of Cubicles = 29

Combustible Loading (Btu) = 5.39E+06

Combustible Loading per Cubicle = 1.86E+05

Heat Release Rate per Cubicle = 53 Btu/sec

No vent openings are present in this boar

Heat Release rate per Electrical Board = 106 (2 x HRR/cubicle)
Combustible Loading for 2 cubicles = 3.72E+05

480V RB Vent Bd 2B (Unit 2 Reactor Building EL 565)

Number of Cubicles = 24

Combustible Loading (Btu) = 4.90E+06

Combustible Loading per Cubicle = 2.04E+05

Heat Release Rate per Cubicle = 53 btu/sec

No vent openings are present in this board

Heat Release rate per Electrical Board = 106 (2 x HRR/cubicle)
Combustible Loading for 2 cubicles = 4.08E+05

250V RMOV BD 2C (Unit 2 Reactor Building EL 565)

Number of Cubicles = 18

Combustible Loading (Btu) = 4.90E+06

Combustible Loading per Cubicle = 2.72E+05

Heat Release Rate per Cubicle = 53 btu/sec

No vent openings are present in this board

Heat Release rate per Electrical Board = 106 (2 x HRR/cubicle)
Combustible Loading for 2 cubicles = 5.44E+05

480V RMOV BD 2D (Unit 2 Reactor Building EL 593)

Number of Cubicles = 10

Combustible Loading (Btu) = 2.31E+06

Combustible Loading per Cubicle = 2.31E+05

Heat Release Rate per Cubicle = 53 BTU/sec

No vent openings are present in this board

Heat Release rate per Electrical Board = 106 (2 x HRR/cubicle)

Combustible Loading for 2 cubicles = 4.§2E+05







‘ Unit 2 Preferred AC Transformer (Unit 2 Reactor Building EL 593) page 6

Number of components = 1

Combustible Loading (Btu) = 2.80E+05

Heat Release rate per Component = 40 Btu/sec per 100,000 Btu
Heat Release rate = 112 Btu/sec

RBCCW pump 2A (Unit 2 Reactor Building EL 593)

Number of components = 1

Combustible Loading (Btu) = 7.50E+04

Heat Release rate per Component = 40 Btu/sec per 100,000 Btu
Heat Release rate = 30 Btu/sec

RBCCW pump 2B (Unit 2 Reactor Building EL 5§93)

. Number of components = o1

Combustible Loading (Btu) = 7.50E+04
Heat Release rate per Component = 40 Btu/sec per 100,000 Btu
Heat Release rate = 30 Btu/sec

Shutdown Bd Rm 2C/2D A/C Units (Unit 2 reactor Building EL 604)

Number of components = 1

Combustible Loading (Btu) = 7.00E+04

Heat Release rate per Component = 40 Btu/sec per 100,000 Btu
Heat Release rate = N 30 Btu/sec

480V RMOV BD 2E (Unit 2 Reactor Building EL 621)

Number of Cubicles = 12

Combustible Loading (Btu) = 9.80E+05

Combustible Loading per Cubicle 8.17E+04

Heat Release Rate per Cubicle = 53 btu/sec

Vent openings are present in this board, cubicles stacked 2 high
. Heat Release rate per Electrical E 106 (2 x HRR/cubicle)
Combustible Loading for 2 cubicl__ 1.63E+05
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MG Sets 2DN and 2DE (Unit 2 Reactor Building EL 621)

Number of components = 1

Combustible Loading (Btu) = 2.80E+05

Heat Release rate per Component = 40 Btu/sec per 100,000 Btu
Heat Release rate = 112 Btu/sec

4KV-480V Transformer (Unit 2 Reactor Building EL 621)

Number of components = 1

Combustible Loading (Btu) = ' 2.80E+05

Heat Release rate per Component = 40 Btu/sec per 100,000 Btu
Heat Release rate = 112 Btu/sec

2-LPNL-025-0031 (Unit 2 Reactor Building EL 621)

Number of Cubicles = 3

Combustible Loading (Btu) = 9.80E+05
Combustible Loading per Cubicle = 3.27E+05

Heat Release Rate per Cubicle = 53 btu/sec

No vent openings are present in this board

Heat Release rate per panel = 106 (2 x HRR/cubicle)
Combustible Loading for 2 cubicles = 6.53E+05 '
4KV RPT BD 2-1 and 2-2 (Unit 2 Reactor Building EL 621)
Number of components = ' 1

Combustible Loading (Btu) = 2.80E+05

Heat Release rate per Component = 53 Btu/sec

Since vents are present in.this panel, use twice the HRR

Heat Release rate = 106 Btu/sec

Panel 25-3 and Panel 25-9(Unit 2 Reactor Building EL 621)

Number of components = 1

Combustible Loading (Btu) = 1.40E+04

These are low voltage instrument panels and have very limited combustibles.
However, assume a HRR of 50 btu/sec per pansl.
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240V Lighting Board 2A (Unit 2 Reactor Building EL 621)

Number of Cubicles = ‘ 10

Combustible Loading (Btu) = 5.60E+05

Combustible Loading per Cubicle 5.60E+04

Heat Release Rate per Cubicle = 53 btu/sec

No vent openings are present in this board

Heat Release rate per Electrical B 106 (2 x HRR/cubicle)
Combustible Loading for 2 cubick  1.12E+05

MG set 2DA and 2EN (Unit 2 reactor building El 621)

Number of components = 1

Combustible Loading (Btu) = 2.80E+05

Heat Release rate per Component = 40 Btu/sec per 100,000 Btu
Heat Release rate = . 112 Btu/sec

LPNL-25-23 and 24 (Unit 2 Reactor Bulilding EL 621)

Number of Cubicles = 4 ’
Combustible Loading (Btu) = 1.26E+06

Combustible Loading per Cubicle 3.15E+05

Heat Release Rate per Cubicle= 53 btu/sec

Vent openings are present in one of the compartments.

Heat Release rate per panel = 106 (2 x HRR/cubicle)

Combustible Loading for 2 cubich  6.30E+05

240V Lighting Board 2B (Unit 2 Reactor Building EL 639 -south side)
Number of Cubicles = 10

Combustible Loading (Btu) = 5.60E+05

Combustible Loading per Cubicle 5.60E+04

Heat Release Rate per Cubicle = 53 btu/sec

No vent openings are present in this board

Heat Release rate per Electrical E 106 (2 x HRR/cubicle)
Combustible Loading for 2 cubiclk  1.12E+05
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Motor:

Drywell Torus Compressor (Reactor Building Unit 2, EL 565) page 9

Spill Area: 54.00 ft2/gal (Table 3, Reference 5)
Pool Area for 1/2 pint spill: 3.38 ft2 (54 ft2/gal * 1gal/16 pints)
From reference 5, Table 2E, Thermophysical properties similar to transformer oil:
Heat of Combustion (Hc): 19998.00 Btu/lbm

Ideal unit mass Loss rate (n 0.008 Ibm/sec ft2

Combustion efficiency (%): 0.85

Unit Heat Releaserate (") Hc * m" * % )
Unit Heat Release rate q" 19998 * .008 * .85 135.99 Btu/sec/ft2
Peak Heat Release rate = Unit Heat Release rate * Spill Area

136 * 3.3 = 450 Btu/sec '

Number of components = 1

Combustible Loading (Btu) = 1.00E+05

Heat Release rate per Component = 40 Btu/sec per 100,000 Btu é
Heat Release rate = 40 Btu/sec

SLC Pumps A and B Motor (Unit 2 Reactor Building EL 639- north side)

Number of components = 1

Combustible Loading (Btu) = 2.80E+05

Heat Release rate per Component = 40 Btu/sec per 100,000 Btu

Heat Release rate = 112 Btu/sec

Spill Area: 54.00 ft2/gal (Table 3, Reference 5)
Pool Area for 1/2 pint spill: 3.38 ft2 : (54 ft2/gal * 1gal/16 pints)
From reference 5, Table 2E, Thermophysical properties similar to transformer oil:
Heat of Combustion (Hc): 19998.00 Btu/lbm

Ideal unit mass Loss rate (n 0.008 Ibm/sec ft2

Combustion efficiency (%): 0.85

Unit Heat Release rate (") Hc * m" * % .
Unit Heat Release rate q" 19998 * .008 * .85 135.99 Btu/sec/ft2
Peak Heat Release rate = Unit Heat Release rate * Spill Area

136 * 3.3 = 450 Btu/sec
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Attachment B
Fire Area/Compartment Ignition Frequency Calculations

This attachment contains the detailed fire area/compartment ignition frequency
calculations. The input required for these calculations includes:

« Number of various plant locations, as shown in Table 2-1.

 Plant Wide Components. This information was extracted from Reference 3,
related system flow diagrams and plant walkdowns.

« Cables - Heat of Combustion, which was extracted from Reference 3.

The generic fire frequencies and weighting factors used in these calculations are in
accordance with the EPRI FIVE documentation, as described in EPRI report TR-100370.
Where specific fire frequencies were not provided for plant areas, such as computer .
rooms, mechanical equipment rooms, etc., conservative assumptions were made. .

The performance of these calculations consists of two main steps:

First, fire ignition frequency that can be assigned to specific plant areas, such as
switchgear area fires, is allocated to similar areas within the plant.

Second, identified plant-wide components, such as battery chargers, are located
and the associated fire ignition frequency is assigned to the respective area.

The calculation of fire ignition frequency for each plant area is then shown on an
individual sheet. These values are summarized in Table 4-1 of the main report.

The fire ignition frecjuencies that are assigned to each of the identified plant areas are
based on the data from the Fire Events Database (EPRI report NSAC/178L), which
identifies 753 plant fires over approximately 1200 reactor years of experience.
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FIRE PROTECTION PANELS:

RB 1 (FA-1) - 5

RB 2 (FA-2) -9
\

RB 3 (FA-3) - 11

DGB 1/2 (FA-20)
DBG 3 (FA-21)
IPS (FA-25-1)
CB (FA-16)

|
[< 00 ol 0

|
|-~

TB (FA-25-3)
TOTAL 40

BATTERY CHARGERS:

DGB 1/2 -
DGB 3 -
BAT & BBR 1
BAT & BBR 2
BAT & BBR 3
Communication
BAT BD Room -
SDEBR - C -
SDBR - A -

I
W wwwoo

II-'N(.-)

TOTAL 34

TRANSFORMERS :

BAT BD Roonm 1 -
DGB 1/2 -
Elect BD Room

Unit 3-621 -
Elect BD Room

Unit 3-593 -
SDBR-A-621 -
RB-519, Unit
RB-519, Unit
RB-593, Unit
RB-621, Unit
RB-621, Unit
RB-621, Unit
RB-639, Unit
RB-639, Unit
RB-639, Unit
TB 617 -
TB 604 -
TB 584 -
Intake Pump STA -

w o

-

WNHFHEWNDEHENDWRE
!

I
Iw =
= 00 1 N W W W

TOTAL 47
PLDNE106/226/21

BROWNS FERRY NUCLEAR PLANT
PLART WIDE COMPONERTS
Page 1

(includes 3 new panels per DCN W17907 and existing
6 panels which are abandoned in place)

(includes 3 new panels being installed under

DCN W17908)

(FP panel and COp switch panel)

(FP panel and CO; switch panel)

(includes 1 on El1 617, 2 on E1 606, 1 on El1l 593,
1 in process computer room and 1 in Unit 3 computer
room)

(FA-20)
(FA-21)
(250V, 48V and 24V neutron) (FA-17)
(250V, 48V and 24V neutron) (FA-18)
(250V, 48V and 24V neutron) (FA-19)

(FA-16)
(FA-9)
(E1 586) (F4—25—3)

(dry type) (FA-17)
(FA-20)

(dry type transformer) (FA-13)

(dry type transformer) (FA-12)

(FA-S)

(FA-1)

(FA-3) .

(Unit 2 preferred AC transformer) (FA-2)
(4KV/480 and 240V Lighting Board) (FA-1)
(4KV/480 and 240V Lighting Board) (FA-2)
(4KV/480 and 240V Lighting Board) (FA-3)
(4KV/480) (FA-1)

(4KV/480 and 240V Lighting Board) (FA-2)
(4KV/480) (FA-3)

(GE Transformer) (FA-25-3)

(FA-25-3)

(FA-25-3)

(FA-25-1)







AIR COMPRESSORS:

RB, Unit 1
RB, Unit 2
RB, Unit 3
TB (604)

TB (565)

CB (606, MER)

TOTAL

VENTILATION SUBSYSTEMS

RB Unit 1

RB Unit 2

RB Unit 3
Turbine Bldg 1
Turbine Bldg 2
Turbine Bldg 3
Control Bldg

Radwaste

DGB 1/2

DGB 3

Intake Pump Sta

TOTAL

RPS MG Sets:

Control Bldg
Turbine 617
RB-1 639
RB-2 639
RB-3 639
RB-1 621
RB-2 621
RB-3 621
MG Set Room
MG Set Room
MG Set Room

TOTAL

OFFGAS RECOMBINERS:

Unit 1
Unit 2
Unit 3

TOTAL
PLDNE106/226/22

BROWNS FERRY NUCLEAR PLART
PLANT WIDE COMPONENIS

3 (FA-1)
3 (FA-2)
3 (FA-3)
6 (FA-25-3)
10 (FA-25-3)
- -1 _(FA-16)

26

- 19 (FA-1)

- 20 (includes

— 21 (includes

36 (includes

38 (includes

- 37 (includes

45 (30-El 617
(2-El1 606,
(1-E1 593,
(1-El1 593,
(3-El1 593,
(4~El 621,
(4-El1 621,

- 17 (FA-25-3)

~ 20 (FA-20)

- 28 (FA-21)

-~ _8 (FA-25-1)

289

1
52NN,

(FA-16)
(FA-25-3)
(FA-1)
(FA-2)
(FA-3)
(FA-1)
(FA-2)
(FA-3).
(FA-17)
(FA-18)
-_1 (FA-19)

31

- 1 (FA-25-3)
- 1 (FA-25-3)
-_1 (FA-25-3)

w

Page 2

n

4 for SDBR C/D) (FA-2)
4 for SDBR E/F) (FA-3)
1 booster fan) (FA-25-3)
AHU for CB) (FA-25-3)
record storage Elect BD Room) (FA-25-3)
, FA-16) ,
FA-16)
FA-4)
FA-12)
FA-16)
FA-5)
FA-9)




fage 3

CABLES
HEAT OF COMBUSTION

DESCRIPTION

REACTOR BUILDING, UNIT 2 (FIRE AREA 2)
EL 639
EL 621
EL 593

EL 565

REACTOR BUILDING, UNIT 1 (FIRE AREA 1)
(Assume combustible heat load similar to unit 2)

REACTOR BUILDING, UNIT 3 (FIRE AREA 3)
(Assume combustible heat load similar to unit 2)

CONTROL BUILDING (FIRE AREA 16)
Unit 1/2 main control room
Mechanical equipment room EL 617
Cable spreading room A

Cable spreading room B

Stairway C4 El 606

Stairway C2 El 606

Stairway C6 El 606

Auxiliary instrument room 1
Auxiliary instrument room 2
Auxiliary instrument room 3

Unit 1/2 computer room

Unit 3 computer room
Communications room

4KV SHUTDOWN BD C (FIRE AREA 9)

BATTERY BOARD ROOM 2 (FIRE AREA 18)

DIESEL GENERATOR BUILDING UNIT 1/2 (FIRE AREA 20)
Pipe tunnel|

DIESEL GENERATOR BUILDING UNIT 3 (FIRE AREA 21)
480V Diesel auxiliary board 3EB

Pipe tunnel

Stairs

4KV SHUTDOWN BD 3EA AND 3EB (FIRE AREA 22)
4KV SHUTDOWN BD 3EC AND 3ED (FIRE AREA 23)
4KV BUS TIEBD (FIRE AREA 24)

TURBINE BUILDING (FIRE AREA 25)

Unit 1,2,3 turbine building (fire compt. 25-3)

Pipe tunnel (fire compt. 25-2)

Intake pump station (fire compt. 25-1)

Radwaste building

BTU

63,375,144
181,402,998
557,653,714

8,962,800
427,923,910

0

30,000,000
749,713,692
621,427,433

5,571,720

13,676,040

112,000

18,065,880

19,078,920

20,598,480

11,842,436

13,507,200

12,995,573

6,470,100

24,237,990 .

4,479,300

6,165,729,000
5,000,000
271,630,557
167,463,262

TOTAL CABLES COMBUSTIBLE LOAD

Note: Cables heat of combustion is only identified for those areas which have exposed cables.
Other areas either do not have any exposed cables or cables are in conduits.

Ignition frequency (tive)/cables heat o comb

TOTAL (BTU]

1,239,318,566

1,239,318,566

1,239,318,566

1,516,589,374
5,000,000
506,520

21,093,135

35,187,390

15,279,390

14,582,610
7,614,810

6,609,822,819
11,943,631,746




BROWNS FERRY NUCLEAR PLANT UNIT 2
FIRE INDUCED VULNERABILITY EVALUATION

FIRE AREA/COMPARTMENT FIRE FREQUENCY
PHASE 11 (STEP 1) EVALUATION
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FIRE AREA / COMPARTMENT IGNITION FREQUENCY

|

PHASE II (STEP 1) EVALUATION

Components

Generlc Fire

Location

Number of

Total Number

PLANT LOCATION: REACTOR BUILDING (FIRE AREA 1)

lgnition Source

Fire Compartmen

iFrequency

Welighting

Components in

in All Plant

Weighting

Fire Frequency

L

Fire A

Locatl

Factor (WI

5.00E-02 1 5.000E-02
Pumps i 2.50E-02 1 2 500E-02
Fire Prot. Panel | 2.40E-03 3 5 40 1.25E-01 9.000E-04
RPS MG Set i 5,50E-03 3 8 31 2 58E-01 4.258E-03
Non-Qual. Cable || 6.30E-03 3 1239 12000 1.03E-01 1.951E-03
Non-Qual. JB | 1.60E-03 3 1239 12000 1.03E-01 4.956E-04
Transformers il 7.90E-03 3 5 47 1,06E-01 2.521E-03
Battery Chargers || 4.00E-03 3 34 _ 0.000E+00
Air Compressors ﬂ 4.70E-03 3 3 26 ! 1.15E-01 1.627E-03
Vent. Subsystem || 9.50E-03 3 19 289 6.57E-02 1.874E-03
i Sum of Ignition| Total Number
i Sources WF for of
H Translent source, Compartments
Translients 1.30E-03 3 5 34 1.47E-01 5.735E-04
Cable fire-Welding | 5.10E-03 3 1 34 2.94E-02 4.500E-04
Translent Flre-weldlg 3.10E-02 3 1 34 2.94E-02 2.735E-03
| TOTAL 9.239E-02

|







FIRE AREA / COMPARTMENT IGNITION FREQUENCY

PHASE II (STEP 1) EVALUATION

PLANT LOCATION: REACTOR BUILDING (FIRE ZONE 2-1)

Location

-|Components: iGeneric Fire Number of __ {Total Number ilgnition Source|Fire Compartment

Frequency i(Weighting Components inin All Plant Weighting Fire Frequency

Ii . Factor (WL) iFire Zone Locations* Factor (WI)  i(F1)
Electric Cabinets | 5.00E-02 1 10 63 -1.59E-01 7.937E-03

2.50E-02 1 5 24 2.08E-01 5.208E-03
e Prot. Panel I 2.40E-03 3 3 40 7.50E-02 5.400E-04
RPS MG _Set i 5.50E-03 3 31 0.00E+00 0.000E+00
“ Non-Qual. Cable ﬁ 6.30E-03 3 214 12000 1.78E-02 3.371E-04

Non-Qual. JB H 1.60E-03 3 214 12000 1.78E-02 8.560E-05
Transformers 7.90E-03 3 47 0.00E-+00 0.000E+00
Battery Chargers _ § 4.00E-03 3 34 - _0.00E+00 0.000E+00
Air Compressors 4.70E-03 3 1 26 "~ 3.85E-02 5.423E-04
Vent. Subsystem 9.50E-03 3 3 289 1.04E-02 - 2.958E-04

i Sum of Ignitionn Total Number

Source WF of
For Transients: Compartments

Transients 1.30E-03 3 5 34 1.47E-01 5.735E-04
Cable fire-Welding _# 5.10E-03 3 1 34 2.94E-02 4.500E-04
Transient Fire-weldiri  3.10E-02 3 1 34 2.94E-02 2.735E-03

i

a TOTAL 1.870E-02
Note:
* For "Plant Locationg:", the total number represents components in the Fire Area 2.
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FIRE AREA / COMPARTMENT IGNITION FREQUENCY

PHASE II (STEP 1) EVALUATION

PLANT LOCATION: REACTOR BUILDING (FIRE ZONE 2-2)

Components

iGeneric Fire {Location Number of Total Number ilgnition SourcelFire Compartment
ﬁFrequency Welighting Components irin All Plant Weighting Fire Frequency
i Fact L) JFireZ F

Electric Cabinets 5.00E-02 1 11 63 1.75E-01 8.730E-03 °
Pumps 2 50E-02 9 4 24 1.67E-01 4.167E-03
Fire Prot. Panel 2.40E-03 3 40 0.00E+00 0.000E+00
RPS MG Set | 5.50E-03 3 31 0.00E+00 0.000E+00-
Non-Qual. Cable | 6.30E-03 3 214 12000 1,78E-02 3.371E-04
Non-Qual. JB i 1.60E-03 3 214 12000 1.78E-02 8.560E-05
Transformers 3 7.90E-03 3 47 0.00E+00 0.000E+00
Battery Chargers 4.00E-03 3 34 0.00E+00 0.000E-+00
Air Compressors 4.70E-03 3 26 0.00E+00 0.000E+00
Vent. Subsystem 9.50E-03 .3 3 289 1.04E-02 2.958E-04

i Sum of Ignitiort Total Number

g Source WF of

For Transients; Compartments

Transients i 1.30E-03 3 5 34 1.47E-01 5.735E-04
Cable fire-Welding | 5.10E-03 3 1 34 2.94E-02 4.500E-04
Transient Fire-welding 3.10E-02 3 1 34 2 94E-02 2 735E-03

i

| TOTAL 1.737E-02

Note: i

* For "Plant Locations", the total number represents components in the Fire Area 2.

%i
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FIRE AREA / COMPARTMENT IGNITION FREQUENCY

PHASE II (STEP 1) EVALUATION

..............................................

Components !Generic Fire |Location Number of Total Number ijlgnition SourceiFire Compartment

iiFrequency Welghting Components inIn’All Plant Welghting Fire Frequency

L) |Fire Zone Locations* Factor (WI)  i(F1)

Electric Cabinets | 5.00E-02 1 1 63 1.59E-02 7.937E-04
Pumps 2.50E-02 1 24 0.00E+00 0.000E+00
Fire Prot. Panel 2.40E-03 3 40 0.00E+00 0.000E+00
RPS MG_Set i 5.50E-03 3 31 0.00E+00 0.000E+00
Non-Qual. Cable ﬁ 6.30E-03 3 141 12000 1.18E-02 2.221E-04
Non-Qual. JB i 1.60E-03 3 141 12000 1.18E-02 5.640E-05
Transformers i 7.90E-03 ¢ 3 1 47 2.13E-02 5.043E-04
Battery Chargers i 4.00E-03 3 34 0.00E+00 0.000E+00
Air Compressors 1| _4.70E-03 3 26 0.00E+00 0.000E+00
Vent. Subsystem i 9.50E-03 3 289 0.00E+00 0.000E+00

i Sum of Ignitiori Total Number

g Source WF of

For Transients; Compartments

Transients i 1.30E-03 3 5 34 1.47E-01 5.735E-04
Cable fire-Welding_§ _5.10E-03 3 1 34 2.94E-02 4.500E-04
Transient Fire-weldiriﬁ 3.10E-02 "3 1 34 2.94E-02 2.735E-03

! TOTAL 5.335E-03
Note: 33
* For "Plant Locations”, the total number represents components in the Firg.Area 2.

|




e
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FIRE AREA / COMPARTMENT IGNITION FREQUENCY

PHASE II (STEP 1) EVALUATION

PLANT LOCATION: REACTOR BUILDING (FIRE ZONE 2

Components

iGenerlc Fire

Location

Number of

Total Number

Ignition Source|Fire Compartment

IFrequency

Welghting

Components in

in All Plant

Weighting

Fire Frequency

I *x

F.

Wi

Electric Cabinets i}

5.00E-02 1 13 63 2.06E-01 1.032E-02
2 50E-02 1 4 24 1.67E-01 " 4.167E-03
Fire Prot. Panel 2.40E-03 3 2 40 5.00E-02 3.600E-04
RPS MG Set | 5.50E-03 3 31 0.00E+00 0.000E+00
Non-Qual. Cable i 6.30E-03 3 426 12000 3.55E-02 6.710E-04
Non-Qual. JB n 1.60E-03 3 426 12000 3.55E-02 1.704E-04
Transformers 7.90E-03 3 47 0.00E+00 0.000E+00
Battery Chargers | 4.00E-03 3 34 0.00E+00 0.000E+00
Air Compressors 1| 4.70E-03 3 2 26 7.69E-02 1.085E-03
Vent. Subsystem | 9.50E-03 3 4 289 1.38E-02 3.945E-04

i Sum of lgnitiori Total Number

i Source WF of

i For Translents! Compartments
Transients i 1.30E-03 3 : 5 34 1.47E-01 5.735E-04
Cable fire-Welding § 5.10E-03 3 1 34 2 94E-02 4.500E-04
Transient Fire-weldir;! 3.10E-02 3 1 34 2.94E-02 2.735E-03
TOTAL 2.092E-02

Note: H

* For "Plant Locations", the total number represents components in the Firg Area 2.

|
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FIRE AREA / COMPARTMENT IGNITION FREQUENCY

e
———

PHASE II (STEP 1) EVALUATION

PLANT LOCATION: REACTOR BUILDING

(FIRE ZONE 2-5)

Components Generic Fire {Location Number of Total Number ilgnition SourceiFire Compartment
Frequency {Weighting Components inin All Plant Welghting Fire Frequency
~_{Factor (WI (F1) .
Electric Cabinets || 5.00E-02 1 20 63 3.17E-01 1.587E-02
2.50E-02 1 5 24 2.08E-01 5.208E-03
Fire Prot. Panel 2.40E-03 3 4 40 1.00E-01 7.200E-04
RPS MG Set 5.50E-03 3 2 31 6.45E-02 1.065E-03
Non-Qual. Cable 6.30E-03 3 181 12000 1.51E-02 2.851E-04
Non-Qual. JB a 1.60E-03 3 181 12000 1.51E-02 7.240E-05
Transformers 7.90E-03 3 3 47 6.38E-02 1.513E-03
Battery Chargers i 4.00E-03 3 34 0.00E+00 0.000E+00
Air Compressors | 4.70E-03 3 26 0.00E+00 0.000E+00
Vent. Subsystem il 9.50E-03 3 2 289 6.92E-03 1.972E-04
i Sum of Ignitior Total Number '
i Source WF of
i For Translents| Compartments
Transients i 1.30E-03 3 5 34 1.47E-01 5.735E-04
Cable fire-Welding_ | 5.10E-03 3 1 34 2 94E-02 4.500E-04
Transient Fire-weldir;i 3.10E-02 3 1 34 " 2.94E-02 2.735E-03
i TOTAL 2.869E-02
Note: ﬁ
* For "Plant Locations", the total number represents components in the Fire.Area 2.
|
|
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FIRE AREA / COMPARTMENT IGNITION ]

FREQUENCY

PHASE II (STEP 1) EVALUATION

PLANT LOCATION: REACTOR BUILDING - (FIRE ZONE 2-6)

ElGenerlc Fire iLocation Number of Total Number ilgnition SourceiFire Compartment
3§Frequency Weighting Components inin All Plant Weighting Fire Frequency
Fire Zone  iLocations” (F1)

Factor (WL)

Factor (WI)

Note:

5,00E-02 1 8 63 1.27E-01 6.349E-03
2 50E-02 i . 6 24 2 50E-01 6.250E-03
2 40E-03 3 40 0.00E+00 0.000E+00
RPS MG Set i 5.50E-03 3 4 31 1.20E-01 2 129E-03
Non-Qual. Cable # 6.30E-03 3 63 12000 5.25E-03 9.923E-05
Non-Qual. JB i 1.60E-03 3 63 12000 5.25E-03 2 520E-05
Transformers i 7.90E-03 3 2 47 4.26E-02 1.009E-03
Battery Chargers 4.00E-03 3 34 0.00E+00 0.000E+00
Air Compressors 4.70E-03 3 26 0.00E+00 0.000E+00
Vent. Subsystem 9.50E-03 3 289 0.00E+00 0.000E+00

Sum of Ignition Total Number

E Source WF . of

For Translents; Compartments
Transients i 1.30E-03 3 5 34 1.47E-01 5.735E-04
Cable fire-Welding § 5.10E-03 3 1 34 2.94E-02 4.500E-04
Transient Fire-weldin  3.10E-02 3 1 34 2.94E-02 2.735E-03
” TOTAL 1.962E-02 -

* For "Plant Locations", the total number represents components in the Fire.Area 2.







‘ iFIRE AREA / COMPARTMENT IGNITION FREQUENCY

| PHASE II (STEP 1) EVALUATION

] PLANT LOCATION: UNIT 3 REACTOR BUILDING (FIRE A
Components Generlc Fire iLocation Number of .  {Total Number Ignition SourcejFire Compartme

Frequency Welghting Components inin All Plant Weighting Fire Frequency

Factor (WL Fire Area Locations Factor (Wi
S Locaaon |
Electric Cabinets 1 5.00E-02 1 1 1 1.00E+00 5.000E-02
Pumps l 2.50E-02 1 1 1 1.00E+00 2.500E-02
Fire Prot. Panel || 2.40E-03 3 11 40 2 75E-01 1.980E-03
RPS MG Set 5.50E-03 3 6 31 1.94E-01 3.194E-03
Non-Qual. Cable 6.30E-03 3 1239 12000 1.03E-01 1.951E-03
Non-Qual. JB 1.60E-03 3 1239 12000 1.03E-01 4.956E-04
Transformers 7.90E-03 3 k) 47 1.06E-01 2.521E-03
Battery Chargers 4.00E-03 3 34 0.000E+00
Air Compressors 4.70E-03 3 3 26 1.15E-01 1.627E-03
Vent. Subsystem 9.50E-03 3 21 289 7.27E-02 2.071E-03
' Sum of Ignition; Total Number
Sources WF for of
Translent sourcé Compartments

Translents 1.30E-03 3 5 34 1.47E-01 5.735E-04
Cable fire-Welding f 5.10E-03 3 1 34 2.94E-02 4.500E-04
Translent Fire-weldl 3.10E-02 3 1 34 2.94E-02 2.735E-03

]} TOTAL 9.260E-02




-



FIRE AREA / COMPARTMENT IGNITION FREQUENCY

PHASE II (STEP 1) EVALUATION

3

PLANT LOCATION: SWITCHGEAR ROOM (FIRE AREA 4)

Location Number of Total Number Ignition SourcejFire Compartme
Frequency Welghting Components inln All Plant Welghting Fire Frequency
Factor (WL)* iFire Area Locations Factor (WI)

1.50E-02 0.2 3.000E-03
Fire Prot. Panel 2.40E-03 3 40 0.00E+00 0.000E+00
RPS MG Set 5.50E-03 3 31 0.00E+00 0.000E+00
Non-Qual. Cable 6.30E-03 3 12000 0.00E+00 0.000E+00
Non-Qual. JB 1.60E-03 3 12000 0.00E+00 0.000E+00
Transformers L 7.90E-03 3 47 0.00E+00 0.000E+00
Battery Chargers 4.00E-03 3 34 0.00E+00 0.000E+00
Air Compressors 4.70E-03 3 26 0.00E+00. 0.000E+00
Vent. Subsystem 9.50E-03 3 1 289 3.46E-03 9.862E-05
Sum of Ignitiort  Total Number
Sources WF for of
'ransient sourcé Compartments :
Translents 1.30E-03 3 4 34 1,18E-01 4.588E-04
Cable fire-Welding # 5.10E-03 3 1 34 2.94E-02 4.500E-04
Translent Fire-weld! 3.10E-02 3 1 34 2.94E-02 ~2.735E-03
TOTAL 6.743E-03

NOTE:

* For Plant Locations the weighting factor is the number

of units (3) divided by number of switchgear rooms (15).







FIRE AREA / COMPARTMENT IGNITION FREQUENCY

PHASE II (STEP 1) EVALUATION

E

4
Components

PLANT LOCATION: SWITCHGEAR ROOM (FIRE AREA 5)

| Generic Fire

Location

Number of

Total Number

Ignition Source|Fire Compartme

] Frequency

Weighting

Components in

In All Plant

Weighting

Fire Frequency

Factor (WL)*

Fire Area

Locations

Factor (WI

Electric Cabinéris i

|

| 1.50E-02 0.2 3.000E-03
Batteries (1) g 3.20E-03 0.1 3.20E-04
Fire Prot. Panel 2.40E-03 3 40 0.00E+00 0.000E+00
RPS MG Set 5.50E-03 3 31 0.00E+00 0.000E+00
Non-Qual. Cable 6.30E-03 3 12000 0.00E+00 0.000E+00
Non-Qual. JB 1.60E-03 3 12000 0.00E+00 0.000E+00
Transformers 7.90E-03 3 1 47 2.13E-02 5.043E-04
Battery Chargers 4.00E-03 3 2 34 5.88E-02 7.059E-04
Air Compressors 4.70E-03 3 26 0.00E+00 0.000E+00
Vent. Subsystem 9.50E-03 3 4 289 1.38E-02 3.945E-04

Sum of Ignition  Total Number

Sources WF for of

Translent sourcé Compartments
Transients 1.30E-03 3 4 34 1.18E-01 4.588E-04
Cable fire-Welding || 5.10E-03 3 1 34 2.94E-02 4.500E-04
Translent Fire-weld! 3.10E-02 3 1- 34 2.94E-02 2.735E-03
R TOTAL 8.569E-03

Note: (1) Due to the presence of few batteries in the area, they are being included as contribution

to the ignition frequency. 10% of the ignition frequency of a typical unit battery room has been added.

* For Plant Locations the weighting factor is the number

of units (3) divided by number of switchgear rooms (15).







I FIRE AREA / COMPARTMENT IGNITION FREQUENCY
PHASE II (STEP 1) EVALUATION
PLANT LOCATION: SWITCHGEAR ROOM (FIRE AREA 6)

Saaseansaaiisnasaliisissiciisiis, 52!

;\lumber of

T B R e e R

Components Generic Fire

Location Total Number Ignition SourcejFire Compartme
Frequency {Welghting Components inin All Plant Welghting Fire Frequency
Factor (WL)* |Fire Area Locations

Factor (WI) (F1)

A Electri;: Cabinets "

1.50E-02

0.2 3.000E-03
eI
Fire Prot. Panel 2.40E-03 3 40 0.00E+00 0.000E+00
RPS MG Set 5.50E-03 3 31 0.00E+00 0.000E+00
Non-Qual. Cable 6.30E-03 3 12000 0.00E+00 0.000E+00
Non-Qual. JB 1.60E-03 3 12000 0.00E+00 0.000E+00
Transformers 7.90E-03 3 47 0.00E+00 0.000E+00
Battery Chargers 4.00E-03 3 34 0.00E+0Q0 0.000E+00
Air Compressors 4.70E-03 3 26 0.00E+00 0.000E+00
Vent. Subsystem 9.50E-03 3 289 0.00E+00 0.000E+00
Sum of Ignitiont  Total Number
Sources WF fot of
Transient sourcé Compartments
Translents 1.30E-03 3 4 34 1.18E-01 4.588E-04
Cable fire-Welding i 5.10E-03 3 1 34 2.94E-02 4.500E-04
Translent Fire-weldl 3.10E-02 3 1 34 2.94E-02 2.735E-03
TOTAL 6.644E-03

NOTE: No Plant Wide ignition sources (except transients) exist in this

* For Plant Locations the weighting factor is the number

of units (3) divided by number of switchgear rooms (15).







FIRE AREA /| COMPARTMENT IGNITION FREQUENCY

PHASE II (STEP 1) EVALUATION |

PLANT LOCATION: SWITCHGEAR ROOM (FIRE AREA 7)

{iGeneric Fire

Location Number of Total Number Ignition Source{Fire Compartme
Frequency Welghting Components irin All Plant Weighting Fire Frequency
l Factor (WL)* {Fire Area Locations Factor (W)

1
i 1,50E-02 0.2 3.000E-03
—
Fire Prot. Panel i 2.40E-03 3 40 0.00E+00 0.000E+00
RPS MG Set | 5.50E-03 3 31 0.00E+00 0.000E+00
Non-Qual, Cable || 6.30E-03 3 12000 0.00E+00 0.000E-+00
Non-Qual. JB | 1.60E-03 3 12000 0.00E+00 0.000E-+00
Transformers | 7.90E-03 3 47 0.00E+00 0.000E+00
Battery Chargers || 4.00E-03 3 34 0.00E+00 0.000E+00
Air Compressors || 4.70E-03 3 26 0.00E+00 0.000E+00
Vent. Subsystem || 9.50E-03 3 289 0.00E+00 0.000E+00
l Sum of Ignitionn  Total Number
] Sources WF foi of
: Translent sourcé Compartments
Transients R 1.30E-03 3 4 34 1.18E-01 4.588E-04
Cable fire-Welding | 5.10E-03 3 1 34 2.94E-02 4.500E-04
Translent Fire-weldi 3.10E-02 3 1 34 2.94E-02 2.735E-03
TOTAL 6.644E-03

NOTE: No Plant Wide ignition sources (except transients) exist in this

area.

* For Plant Locations the weighting factor is the number

of units (3) divided by number of switchgear rooms (15).







|

FIRE AREA / COMPARTMENT IGNITION FREQUENCY

PHASE II (STEP 1) EVALUATION

E

..............................

PLANT LOCATION: SWITCHGEAR ROOM (FIRE AREA 8)

Components

Generic Fire

Total

Ignition Source|Fire Compartme

Location Number of Number
Frequency {Weighting - {Components inin All Plant Weighting Fire Frequency
Fact WL)* (Fire Area Locations Factor (WI

Electiic Cabinets

1.50E-02 0.2 3.000E-03
AT,
Fire Prot. Panel 2.40E-03 3 40 0.00E+00 0.000E+00
. IRPS MG Set 5.50E-03 3 31 0.00E+00 0.000E+00
Non-Qual. Cable 6.30E-03 3 12000 0.00E+00 0.000E+00
Non-Qual. JB 1.60E-03 3 12000 0.00E+00 0.000E+00
Transformers 7.90E-03 3 47 0.00E+00- 0.000E+00
Battery Chargers 4.00E-03 3 34 0.00E+00 0.000E+00
Air Compressors 4.70E-03 3 26 0.00E+00 0.000E+00
Vent. Subsystem 9.50E-03 3 : 289 0.00E+00 0.000E+00
Sum of Ignitiort  Total Number
Sources WF for of
Transient sourcé Compartments
Translents 1.30E-03 3 4 34 1.18E-01 4.588E-04
Cable fire-Welding il 5.10E-03 3 1 34 2.94E-02 4.500E-04
Transient Fire-weldt 3.10E-02 3 1 34 2.94E-02 2.735E-03
TOTAL 6.644E-03

NOTE: No Plant Wide ignition sources (except transients) exist in this area.

* For Plant Locations the weighting factor is the number >

of units (3) divided by number of switchgear rooms (15).







FIRE AREA /| COMPARTMENT IGNITION FREQUENCY

PHASE II (STEP 1) EVALUATION

|

PLANT LOCATION: SWITCHGEAR ROOM (FIRE AREA 9)

Components

lgnition Source

e s SSET S N TITYLISITIS

Generic Fire {Location Number of Total Number Fire Compartme
Frequency Weighting Components inin All Plant Weighting Fire Frequency
Locations

1.50E-02 0.2 3.000E-03
3.20E-03 0.1 3.20E-04
Fire Prot. Panel 2.40E-03 3 » . 40 0.00E+00 0.000E+00
RPS MG Set ] 5.50E-03 3 31 0.00E+00 0.000E+Q0
Non-Qual. Cable ! 6.30E-03 3 5 12000 4.17E-04 7.875E-06
Non-Qual. JB 1.60E-03 3 5 12000 4.17E-04 2.000E-06
Transformers 7.90E-03 3 47 0.00E+00 0.000E+00
Battery Chargers 4.00E-03 3 2 34 5.88E-02 7.059E-04
Air Compressors 4.70E-03 3 26 0.00E+00 0.000E4+-00
Vent. Subsystem 9.50E-03 3 4 289 - 1.38E-02 3.945E-04
Sum of Ignitionr  Total Number
H Sources WF fo of
'ransient source Compartments
Transients 1.30E-03 3 4 34 1.18E-01 4.588E-04
Cable fire-Welding i 5.10E-03 3 1 34 2.94E-02 4.500E-04
Transient Fire-weld} 3.10E-02 3 1 34 2.94E-02 2.735E-03
E TOTAL 8.074E-03

Note: (1) Due to the presence of few batteries in the area, they are being included as contribution

to the ignition frequency. 10% of the ignition frequency of a typical unit battery room has been added.

* For Plant Locations the weighting factor is the number

-

of units (3) divided by number of switchgear rooms (15).







FIRE AREA /| COMPARTMENT IGNITION FREQUENCY

PHASE II (STEP 1) EVALUATION

l

Components

Generic Flre

Locatlon

Number of

Total Number

Ignition Source

Fire Compartme

l_ Frequency

Weighting

Components in

In All Plant

Weighting

Fire Frequency

Factor (WL)*

Fire Area

Locations

Factor (Wi

F1

Electric Cabinets.

|
}, 1.50E-02 0.2 3.000E-03
Fire Prot. Panel .2.40E-03 3 40 0.00E+00 0.000E+00
RPS MG Set 5.50E-03 3 31 0.00E+00 0.000E+00
Non-Qual. Cable 6.30E-03 3 12000 0.00E+00 0.000E+00
Non-Qual. JB 1.60E-03 3 12000 0.00E+00 0.000E+00
Transformers 7.90E-03 3 47 0.00E+00 0.000E+00
Battery Chargers 4.00E-03 3 34 0.00E+00 0.000E+00
Air Compressors 4.70E-03 3 26 0.00E+00 0.000E+00
Vent. Subsystem 9.50E-03 3 289 0.00E+00 0.000E+00
Sum of Ignitlort Total Number )
Sources WF for of
: Translent sourcé Compartments
Translents - 1.30E-03 3 4 34 1.18E-01 4.588E-04 -
Cable fire-Welding i 5.10E-03 3 1 34 2.94E-02 4.500E-04
Translent Fire-weldi 3.10E-02 3 1 34 2.94E-02 2.735E-03
TOTAL _ 6.644E-03

NOTE: No Plant Wlde ignition sources (except transients) exist in this

area.

* For Plant Locations the weighting factor is the number

of units (3) divided by number of switchgear rooms (15).







FIRE AREA / COMPARTMENT IGNITION FREQUENCY

PHASE II (STEP 1) EVALUATION

E

PLANT LOCATION: SWITCHGEAR ROOM (FIRE AREA 11)_

Components

[Total Number _

Ignition SourcelFire Compartme

Generic Fire {Location Number of
Frequency {Welghting Components irin All Plant Weighting Fire Frequency
- Fire A Locations Factor (WI

Electric Cabinets  # 1.50E-02 0.2 3.000E-03
Fire Prot. Panel 2.40E-03 3 40 0.00E+00 0.000E+00
RPS MG Set 5.50E-03 3 31 0.00E+00 0.000E+00
Non-Qual. Cable 6.30E-03 3 12000 0.00E+Q0 0.000E+00
Non-Qual. JB 1.60E-03 3 12000 0.00E+00 0.000E+00
Transformers 7.90E-03 3 47 0.00E+Q0 0.000E+00
Battery Chargers 4.00E-03 3 34 0.00E+0Q0 0.000E+00
Air Compressors 4.70E-03 3 - 26 0.00E+00 0.000E+00
Vent. Subsystem 9.50E-03 3 289 0.00E+00 0.000E+00
Sum of Ignitiort  Total Number
Sources WF fol of
Transient source Compartments
Translents { 1.30E-03 3 4 34 1.18E-01 4.588E-04
Cable fire-Welding i 5.10E-03 3 1 34 2.94E-02 4.500E-04
Transient Fire—weldl 3.10E-02 3 1 34 2.94E-02 2.735E-03
E
TOTAL 6.644E-03

|

NOTE: No Plant Wide ignition sources (except transients) exist in this

area.

* For Plant Locations the weighting factor is the number

of units (3) divided by number of switchgear rooms (15).
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i FIRE AREA / COMPARTMENT IGNITION FREQUENCY

PHASE II (STEP 1) EVALUATION |

PLANT LOCATION: SWITCHGEAR ROOM (FIRE AREA 12)
Components Generlc Fire jLocation Number of Total Number Ignition SourceiFire Compartme

Frequency Weighting Components inin All Plant Weighting Fire Frequency

Factor (WL)* (Fire Area Locations Factor (WI)
Electric Cabinets 1.50E-02 0.2 3.000E-03
Fire Prot. Panel - 2.40E-03 3 40 0.00E+00 0.000E+00
RPS MG Set 5.50E-03 3 31 0.00E+00 0.000E+00
Non-Qual. Cable 6.30E-03 3 12000 0.00E+00 0.000E+00
Non-Qual. JB 1.60E-03 3 12000 0.00E+00 0.000E+00
Transformers 7.90E-03 3 1 47 2.13E-02 5.043E-04
Battery Chargers 4.00E-03 3 34 0.00E+00 0.000E+00
Air Compressors 4.70E-03 3 26 0.00E+Q0 0.000E+00
Vent. Subsystem 9.50E-03 3 1 289 3.46E-03 9.862E-05

Sum of Ignitiont  Total Number
Sources WF for of
Translent sourcée Compartments
Translents 1.30E-03 3 4 34 1.18E-01 4.588E-04
Cable fire-Welding # 5.10E-03 3 1 34 2.94E-02 4.500E-04
Translent Fire-weldi 3.10E-02 3 1 34 2.94E-02 2.735E-03
TOTAL 7.247E-03
NOTE: No Plant Wide ignition sources (except transients) exist in this area.
* For Plant Locations the weighting factor is the number v-
of units (3) divided by number of switchgear rooms (15).







{IFIRE AREA /| COMPARTMENT IGNITION FREQUENCY
PHASE II (STEP 1) EVALUATION
b
Components iGeneric Fire {Location Number of Total Number Ignition SourceiFire Compartment
Frequency i{Weighting Components in jin All Plant Weighting Fire Frequency
Factor (WL)* iFire Area Locations Factor (Wi
1.50E-02 0.2 3.000E-03
Fire Prot. Panel 2.40E-03 3 40 0.00E+00 0.000E+00
RPS MG Set 5.50E-03 3 31 0.00E+00 0.000E+00
Non-Qual. Cable i 6.30E-03 3 12000 0.00E+00 0.000E+00
Non-Qual. JB 1.60E-03 3 12000 0.00E+00 0.000E+00
Transformers 7.90E-03 3 1 47 2.13E-02 5.043E-04
Battery Chargers 4.00E-03 3 34 “0.00E+00 0.000E+00
Air Compressors 4.70E-03 3 26 0.00E+00 0.000E+00
Vent. Subsystem 9.50E-03 3 289 0.00E+00 0.000E+00
Sum of Ignition; Total Number
Sources WF for of ’
Transient source{ Compartments
Transients 1.30E-03 3 4 34 1.18E-01 4.588E-04
Cable fire-Welding i 5.10E-03 3 1 34 2.94E-02 4.500E-04
Transient Fire-weld| 3.10E-02 3 1 34 2.94E-02 2.735E-03
TOTAL 7.148E-03
* For Plant Locations the weighting factor is the number
of units (3) divided by number of switchgear rooms (15).







|

FIRE AREA / COMPARTMENT IGNITION FREQUENCY

PHASE II (STEP 1) EVALUATION

PLANT LOCATION: SWITCHGEAR RO

Location

Components . EGenerlc Fire Number of Total Number Ignition Source}Fire Compartme
Frequency {Weighting Components inin All Plant Weighting - Fire Frequency
Factor (WL)* |(Fire Area Locations

Factor (WI)

(k1)

Eilectrirc C>abinets ]

1.50E-02 0.2 3.000E-03
_ |Fire Prot. Panel 2.40E-03 3 40 0.00E+00 0.000E+00
RPS MG Set 5.50E-03 3 31 0.00E+00 0.000E+00
Non-Qual. Cable 6.30E-03 3 12000 0.00E+00 0.000E+00
Non-Qual. JB 1.60E-03 3 12000 0.00E+00 0.000E+00
Transformers 7.90E-03 3 47 0.00E+00 0.000E+00
Battery Chargers 4.00E-03 3 34 0.00E+00 0.000E+00
Air Compressors 4.70E-03 3 26 0.00E+00 0.000E+00
Vent. Subsystem 9.50E-03 3 289 0.00E+00 0.000E+00
Sum of Ignitiort  Total Number
Sources WF for of
Translent sourcé Compartments
Translents 1.30E-03 3 4 34 1.18E-01 4.588E-04
Cable fire-Welding i 5.10E-03 3 1 34 2.94E-02 4.500E-04
Transient Fire-weld: 3.10E-02 3 1 34 2.94E-02 2.735E-03
TOTAL 6.644E-03

NOTE: No Plant Wide ignition sources (except transients) exist in this

aread.

* For Plant Locations the weighting factor is the number

of units (3) divided by number of switchgear rooms (15).
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FIRE AREA /| COMPARTMENT IGNITION FREQUENCY

PHASE II (STEP 1) EVALUATION

E

Components

PLANT LOCATION: SWITCHGEAR ROOM (FIRE AREA 15)

Generic Fire

Location Number of Total Number lgnition SourcejFire Compartme R
Frequency {Weighting Components inin All Plant ) Welighting Fire Frequency
Factor (WL)* |Fire Area Locations Factor (WI) (F1)

Y

Electric Cabinets -1.50E-02 0.2 3.000E-03
EnEwinL e
Fire Prot. Panel 2.40E-03 3 40 0.00E+00 0.000E+00
RPS MG Set 5.50E-03 3 31 0.00E+00 0.000E+00
Non-Qual. Cable 6.30E-03 3 12000 0.00E+00 0.000E+00
Non-Qual. JB 1.60E-03 3 12000 0.00E+00 0.000E+00
Transformers 7.90E-03 3 47 0.00E+00 0.000E+00
Battery Chargers 4.00E-03 3 34 0.00E+00 0.000E+00
Air Compressors 4.70E-03 3 26 0.00E+00 0.000E+00
Vent. Subsystem 9.50E-03 3 . 289 0.00E+00 _ 0.000E+00

Sum of Ignitionn  Total Number

Sources WF fol of

- Transient sourcé Compartments
Translents - 1.30E-03 3 4 34 1.18E-01 4.588E-04
Cable fire-Welding i 5.10E-03 3 1 34 2.94E-02 4.500E-04
Translent Fire-weldi 3.10E-02 3 1 34 2.94E-02 2.735E-03
TOTAL 6.644E-03

NOTE: No Plant Wide ignition sources (except transients) exist in this

area.

* For Plant Locations the weighting factor is the number

of units (3) divided by number of switchgear rooms (15).




IFIRE AREA / COMPARTMENT IGNITION FREQUENCY
i PHASE II (STEP 1) EVALUATION
DING EL 593 (FIRE AREA 16-C
iGeneric Fire iLocation Number of Total Number Ignition SourcejFire Compariment
IFrequency [Welghting Components in |in All Plant Weighting Fire Frequency
Factor Fire Area Locatlons

Electric Cabinets | 5.00E-02 1 '5.000E-02
Pumps*
Fire Prot. Panel -2 40E-03 3 3 40 7.50E-02 5.400E-04
RPS MG Set | 5.50E-03 3 6 31 1.94E-01 3.194E-03
Non-Qual. Cable || 6.30E-03 3 96 12000 8.00E-03 1.512E-04
Non-Qual. JB i 1.60E-03 3 96 12000 8.00E-03 3.840E-05
Transformers ” 7.90E-03 3 47 0.00E+00 0.000E+00
Battery Chargers 4.00E-03 3 3 34 8.82E-02 1.059E-03
Air Compressors || 4.70E-03 3 26 0.00E+00 0.000E+00 _
Vent. Subsystem || 9.50E-03 3 3 289 1.04E-02 2 958E-04

i Sum of Ignition.  Total Number

i Sources WF for of

i Translent sourcd Compartments
Transients || 1.30E-03 3 4 34 1.18E-01 4,588E-04
Cable fire-Welding | 5.10E-03 3 1 34 2.94E-02 4.500E-04
Translent Flre-weldé 3.10E-02 3 1 34 2.94E-02 2 735E-03

| TOTAL 5,892E.02

Note: This location in the control building is not categorized as a Plant Location/Building in TABLE 1.2 of the methodoloagy.

The ignition frequency attributed due to electrical cabinets is assumed similar to a reactor building.

* Only a few small HVAC pumps with negligible combustibles are

o lgcated in this area. Therefore, impact of pumps on

the fire frequency is being neglected.




FIRE AREA / COMP NT IGNITION FREQUENCY
PHASE II (STEP 1) EVALUATION
CABLE SPREADING ROOMS A AND B (FIRE AREA 16-C

ONTROL BAY;

Components Generlc Fire iLocation Number of Total Number Ignition Source|Fire Compartment
IFrequency [Welghting Components in {in All Plant Welghting Fire Frequency
Factor (WL)* iFire Area Locations Factor (WI) (F1) )

o | .
Electric Cabinets i 3.20E-03 3 9.600E-03
B [ i N
Fire Prot. Panel 2.40E-03 3 2 40 5.00E-02 3.600E-04
RPS MG Set i 5,50E-03 3 - 31 0.00E+00 0.000E+00
Non-Qual, Cable || 6.30E-03 3 1390 12000 1,16E-01 2.189E-03
Non-Qual. JB H 1.60E-03 3 1390 12000 1.16E-01 5.560E-04
Transformers 7.90E-03 3 47 0.00E+00 0.000E+00
Battery Chargers || 4.00E-03 3 34 0.00E+00 0.000E+00
Air Compressors || _4.70E-03 3 1 26 3.85E-02 5.423E-04
Vent. Subsystem || 9.50E-03 3 2 289 6.92E-03 1.972E-04

H Sum of Ignition  Total Number '

Sources WF for of

i Translent sourcé Compartments
Translents i 1.30E-03 3 34 0.00E+00 0.000E+00
Cable fire-Welding || 5.10E-03 3 34 0.00E+00 0.000E+00
Translent Flre-weldn 3.10E-02 3 34 0.00E+00 0.000E+00

i TOTAL 1.344E-02

*Note: There are two cable spreading rooms (CSR) in the plant. Units 1 and 2 CSR's are combined

into one room, while unit 3 has its own CSR. Both CSR’s are located on the same floor (EL 606) of

the control bay. Even though suppression and detection is provided in these areas, the two rooms

are not separated by fire rated barriers. For calculation purposes the two.-CSR'’s will be considered as

one room. Therefore the weighting factor will be 3 (3 units/1 CSR).

Contribution due to transient combustibles is being neqglected due to restrictions imposed by plant procedures.







Q-

| 'FIRE AREA /| COMPARTMENT IGNITION FREQUENCY
PHASE II (STEP 1) EVALUATION

-_ PLANT LOCATION: CONTROL ROOMS (FIRE AREA 16-CO COMPT. 16-3
|Components Generic Fire jLocation Number of Total Number Ignition Source{Fire Compartment

Frequency iWeighting Components in jIn All Plant Welighting Fire Frequency

____{Factor (WL)* iFire Area Locations

Electric Cabinets || 9.50E-03 3 2 850E-02
Fire Prot. Panel 2.40E-03 3 1 40 2.50E-02 1.800E-04
RPS MG Set 5.50E-03 3 31 0.00E+00 0.000E+00
Non-Qual. Cable 6.30E-03 3 30 12000 2.50E-03 4.725E-05
Non-Qual. JB 1.60E-03 3 30 12000 2.50E-03 1.200E-05
Transformers 7.90E-03 3 47 " 0.00E+00 0.000E+00
Battery Chargers || 4.00E-03 3 34 0.00E-+00 0.000E+00
Air Compressors || 4.70E-03 3 26 0.00E+00 0.000E+00
Vent. Subsystem || 9.50E-03 3 30 289 1.04E-01 2 958E-03

f Sum of Ignition. Total Number

i Sources WF for of

i Transient sourcd Compartments
Translents il 1.30E-03 3 4 34 1.18E-01 4.588E-04
Cable fire-Welding ﬁ 5.10E-03 3 1 34 2.94E-02 4.500E-04
Translent Flre-weldl 3.10E-02 3 1 34 2.94E-02 2.735E-03

” TOTAL 3.534E-02

* For Plant Locations, the calculated weighting factor should be 1 (3 units/3 control rooms). However, since the

three control rooms are located in one area without being separated by a fire rated barrier (i.e. there is potential of fire

spread between control rooms), the 3 control rooms can be considered as one room and the welghtlng factor

will be 3 (3 units/1 control room).

|
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FIRE AREA / COMP NT IGNITION FREQUENCY
PHASE II (STEP 1) EVALUATION - i

LANT LOCATION: BATTERY AND BATTERY BOARD RMS UNIT 1 (FIRE AREA 17) .
Generic Fire {Location Number of Total Number Ignition SourcejFire Compartme
Frequency jWelighting Components irIn All Plant Welighting Fire Frequency
Factor (WL Fire Area Locations Factor (Wi (F1)

| ]
Electric Cabinets || 5.00E-02 0.25 1.250E-02
Batteries % 3.20E-03 1 3.20E-03
Fire Prot. Panel || 2.40E-03 3 40 0.00E+00 0.000E+00
RPS MG_Set | 5.50E-03 3 1 31 3.23E-02 5.323E-04
Non-Qual. Cable 6.30E-03 3 12000 0.00E+00 0.000E+00
Non-Qual. JB 1.60E-03 3 12000 0.00E+00 0.000E+00
Transformers 7.90E-03 3 2 47 4.26E-02 1.009E-03
Battery Chargers 4.00E-03 3 3 34 8.82E-02 1.059E-03
Air Compressors 4.70E-03 3 26 0.00E+00 0.000E+00
Vent. Subsystem 9.50E-03 3 . 289 0.00E+00 0.000E+00

Sum of Ignitiort  Total Number
Sources WF fot of
Transient sourc¢ Compariments

Transients 1.30E-03 3 4 34 1.18E-01 4.588E-04
Cable fire-Welding | 5.10E-03 - 3 1 34 2.94E-02 4.500E-04
Transient Fire-weld: 3.10E-02 3 1 34 2.94E-02 2.735E-03

i

| TOTAL 2.194E-02

Note: This area comprises of 2 rooms, one containing low voltage (250V DC) equipment and the other is a

battery room. The room containing 250V equipment will be designated as Reactor Building location and

contain the contributions from the cabinets and plant wide components. The cabinet contribution will be

asumed as 25% of the overall reactor building cabinets ignition frequency. The other room will be designated as

Battery Room location and contain only the cor

ntribution from batteries. This calculation shows the combined

ignition frequency of the two rooms.

|
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{FIRE AREA / COMP.

NT IGNITION FREQUENCY

PHASE II (STEP 1) EVALUATION

|

Locéﬁan

Number of

Tai;i Number

RY BOARD RMS UNIT 2 (FIRE AREA 18)

Ignition Source

Fire Compartme

Frequency

Weighting

Components in

In All Plant

Weighting

Fire Frequency

|

Factor (WL

Fire Area

Locations

Factor (WI) |
/d

Electric Cabinets || 5.00E-02 0.25 1.250E-02
Batteries 3.20E-03 1 3.20E-03
Fire Prot. Panel 2.40E-03 -3 40 0.00E+00 0.000E+00
RPS MG _Set | 5.50E-03 3 31 3.23E-02 5.323E-04
Non-Qual. Cable 6.30E-03 3 12000 8.33E-05 1.575E-06
Non-Qual. JB 1.60E-03 3 12000 8.33E-05 4.000E-07
Transformers 7.90E-03 3 47 0.00E+00 0.000E+00
Battery Chargers 4.00E-03 3 3 34 8.82E-02 1.059E-03
Air Compressors 4.70E-03 3 26 0.00E+00 0.000E+00
Vent. Subsystem 9.50E-03 3 289 0.00E+00 0.000E+00

Sum of Ignitiori Total Number

Sources WF fo: of

. Transient sourc¢e Compartments
Transients 1.30E-03 3 4 34 1.18E-01 4.588E-04
Cable fire-Welding # 5.10E-03 3 1 34 2.94E-02 4.500E-04 -
Transient Fire-weld} 3.10E-02 3 1 34 2.94E-02 2.735E-03
TOTAL 2.094E-02

Note: This area comprises of 2 rooms, one containing low voltage (250V DC) equipment and the other is a

battery room. The room containing 250V equipment will be designated as Reactor Building location and

contain the contributions from the cabinets and plant wide components. The cabinet contribution will be

asumed as 25% of the overall reactor building cabinets ignition frequency. The other room will be designated as

Battery Room location and contain only the contribution from batteries. This calcul:

ation shows the combined

ignition frequency of the two rooms.
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FIRE AREA /| COMP

NT IGNITION FREQUENCY

e

PHASE II (STEP 1) EVALUATION

ERY AND BATTERY BOARD RMS UNIT 3 (FIRE AREA 19)

Fire Compartme

Components Generlc Fire {Location Number of Total Number Ignition Source
Frequency |{Welghting Components iniln All Plant Welighting Fire Frequency
Factor (WL Fire Area Locations Factor (Wi
Electric Cabinets 5.00E-02 0.25 1.250E-02
Batteries 3.20E-03 1 -3.20E-03
Fire Prot. Panel 2.40E-03 3 40 0.00E+00 0.000E+00
RPS MG Set 5.50E-03 3 1 31 3.23E-02 5.323E-04
Non-Qual. Cable 6.30E-03 3 12000 0.00E+00 0.000E+00
Non-Qual. JB 1.60E-03 3 12000 0.00E+00 0.000E+00
Transformers 7.90E-03 3 47 0.00E+00 0.000E+00
Battery Chargers " i 4.00E-03 3 3 34 8.82E-02 - 1.059E-03
Air Compressors 4.70E-03 3 26 0.00E+00 0.000E+00
Vent. Subsystem 9.50E-03 ‘3 289 0.00E+00 0.000E+00
Sum of Ignitlon Total Number
Sources WF for of
Transient sourcé Compartments

Translents 1.30E-03 3 4 34 1.18E-01 4.588E-04
Cable fire-Welding i 5.10E-03 3 1 - 34 2.94E-02 4.500E-04
Translent Fire-weld! 3.10E-02 3 1 34 2.94E-02 2.735E-03

TOTAL 2.094E-02

Note: This area comprises of 2 rooms, one containing low voltage (250V DC) equipment and the other is a

battery room. The room containing 250V equipment will be designated as Reactor Building location and

contain the contributions from the cabinets and plant wide components. The cabinet contribution will be

asumed as 25% of the overall reactor building cabinets ignition frequency. The other room will be designated as

Battery Room location and contain only the co

ntribution from batteries. This calcul

ation shows the combined

ignition frequency of the two rooms.
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i FIRE AREA / COMPARTMENT IGNITION FREQUENCY
i PHASE II (STEP 1) EVALUATION ]

‘PLANT LOCATION: UNIT /2 DIESEL GENERATOR BUILDING (FIRE AREA 20

..................................................................................................

Location Number of Total Number ilgnition SourceiFire Compartment
iFrequency |Welghting Components inin All Plant ___{Welghting Fire Frequency
Factor (WL Fire Area Locations = iFactor (Wi
Diesel Generators 2.60E-02 “ 4 1 1.00E+00 1.040E-01
2.40E-03 4 1 1.00E+00 9.600E-03
Fire Prot. Panel 1| 2.40E-03 3 2 40 5.00E-02 3.600E-04-
RPS MG_Set i -5.50E-03 3 31 0.00E+00 0.000E+00
Non-Qual. Cable 1 6.30E-03 3 21 12000 1.75E-03 3.308E-05
Non-Qual. JB i 1.60E-03 3 21 12000 1.75E-03 8.400E-06
Transformers i 7.90E-03 3 3 47 6.38E-02 1.513E-03
Battery Chargers || 4.00E-03 3 8. 34 . 2 35E-01 2 824E-03
Air Compressors ii 4.70E-03 3 26 0.00E+00 ~ 0.000E+00
Vent. Subsystem | 9.50E-03 3 20 289 6.92E-02 1.972E-03
i Sum of Ignitior; Total Number
i Source WF of
H For Translents| Compartments
Transients - 1.30E-03 3 5 34 1.47E-01 5.735E-04
Cable fire-Welding 5.10E-03 3 1 34 2.94E-02 4.500E-04
Transient Fire-weldin 3.10E-02 3 1 34 2.94E-02 2.735E-03
%} TOTAL 1.241E-01
*Note: BFN has two separate diesel buildings, one for units 1 and 2 and other one for unit 3. Each diesel building
has four diesel generators and associated elctrical and mechanical systems.
Thus fire frequency for one BFN diesel generator building will be four times
as much as the generic fire frequency (i.e. a_Plant Location weighting factor of 4).







FIRE AREA / COMPARTMENT IGNITION FREQUENCY

|

PHASE II (STEP 1) EVALUATION

'PLANT LOCATION: UNIT 3 DIESEL GENERATOR BUILDING (FIRE .

.......................................................................................................................................

Components Location Number of Total Number !lgnition SourceiFire Compartment
ﬁFrequency Weighting Components inin All Plant Weighting Fire Frequency
Factor (WL)* |Fire Area Locations Factor (Wi
Diesel Generators 2.60E-02 4 1 1 1.00E+00 1.040E-01
Electrical cabinets ﬁ 2.40E-03 4 1 1 1.00E+00 9.600E-03
Fire Prot. Panel 1 2.40E-03 3 2 40 5.00E-02 3.600E-04
RPS MG Set ii 5.50E-03 3 31 0.00E+00 0.000E+00
Non-Qual. Cable | 6.30E-03 3 35 12000 2.92E-03 5.513E-05
Non-Qual. JB i 1.60E-03 3 35 12000 2.92E-03 1.400E-05
Transformers { 7.90E-03 3 47 0.00E+00 0.000E+00
Battery Chargers I 4.00E-03 3 9 34 2.65E-01 3.176E-03
Air Compressors I 4.70E-03 3 26 0.00E+00 0.000E+00
Vent. Subsystem il 9.50E-03 3 28 289 9.69E-02 2 761E-03
ﬁ - Sum of Ignition Total Number
i Source WF of
f For Translents| Compartments
- Transients I 1.30E-03 3 5 34 1.47E-01 5.735E-04
Cable fire-Welding | 5.10E-03 3 1 34 2.94E-02 4.500E-04
Transient Fire-weldini 3.10E-02 3 1 34 2.94E-02 2.735E-03
% TOTAL 1.237E-01

*Note: BFN has two separate diesel buildings, one for units 1 and 2 and other one for unit 3. Each diese! building

has four diesel generators and associated elctrical and mechanical systems.

Thus fire frequency for one BFN diesel generator building will befour times

as much as the generic fire frequency (i.e. a Plant Location weighting factor of 4).




FIRE AREA / COMPARTMENT IGNITION FREQUENCY

|

PHASE II (STEP 1) EVALUATION

E

Number of

Components Generlc Fire i{Location Total Number Ignition SourcejFire Compartme
Frequency Welghting Components irin All Plant Welghting Fire Frequency
I Factor (WL Fire Area Locations Factor (Wi

Eieciﬁc Cabinets

|
i 1.50E-02 0.2 3.000E-03
Fire Prot. Panel | -2.40E-03 3 40 0.00E+00 0.000E+00
RPS MG Set l 5.50E-03 3 31 0.00E+00 0.000E+00
Non-Qual. Cable || 6.30E-03 3 15 12000 1.25E-03 2.363E-05
Non-Qual. JB ] 1.60E-03 3 15 12000 1.25E-03 6.000E-06
Transformers ] 7.90E-03 3 47 0.00E+00 0.000E+00
Battery Chargers 4.00E-03 3 34 0.00E+00 0.000E+00
Air Compressors 4.70E-03 3 26 0.00E+00 0.000E+00
Vent. Subsystem 9.50E-03 3 289 0.00E+00 0.000E+00

Sum of Ignitiont  Total Number
- Sources WF for of
Transient sourcé Compartments

Transients 1.30E-03 3 4 34 1.18E-01 4.588E-04
Cable fire-Welding ! 5.10E-03 3 1 34 2.94E-02 4.500E-04
Transient Fire-weldi 3.10E-02 3 1 34 2.94E-02 2.735E-03
TOTAL 6.674E-03

* For Plant Locations the weighting factor is the number

of units (3) divided by number of switchgear rooms (15).







FIRE AREA /| COMPARTMENT IGNITION FREQUENCY

|

PHASE II (STEP 1) EVALUATION

E

'PLANT LOCATION: SWITCHGEAR ROOM ( UNIT 8 4KV SDBR, FIRE AREA 23)

Generic Fire

Components Location Number of Total Number Ignition SourceiFire Compartme
’ Frequency Welghting Components irin All Plant Welighting Fire Frequency

| WL)* [Fire A Locations Factor (Wi

i

% 1.50E-02 0.2 3.000E-03

e |

Fire Prot. Panel i 2.40E-03 3 40 0.00E+00 0.000E+00
RPS MG _Set | 5.50E-03 3 31 0.00E+00 0.000E+00
Non-Qual. Cable ! 6.30E-03 3 15 12000 1.25E-03 2.363E-05
Non-Qual. JB l - 1.60E-03 3 15 12000 1.25E-03 6.000E-06
Transformers ] 7.90E-03 3 47 0.00E+00 0.000E+00
Battery Chargers__ | 4.00E-03 3 34 0.00E+00 0.000E+00
Air Compressors ] 4.70E-03 3 26 0.00E+00 0.000E+00
Vent. Subsystem || 9.50E-03 3 289 0.00E+00 0.000E+00

! Sum of Ignitiol  Total Number

i Sources WF for of

]_ ° Translent sourcée Compartments
Transients | 1.30E-03 3 4 34 1.18E-01 4.588E-04
Cable fire-Welding iE 5.10E-03 3 1 34 2.94E-02 4.500E-04
Transient Fire-weldi 3.10E-02 3 1 34 2.94E-02 2.735E-03

TOTAL 6.674E-03
* For Plant Locations the weighting factor is the number v
of units (3) divided by number of switchgear rooms (15).
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FIRE AREA / COMPARTMENT IGNITION FREQUENCY

j

PHASE II (STEP 1) EVALUATION

PLANT LOCATION: SWITCHGEAR ROOM ( UNIT 3 4KV BUS TIE BD ROOM, FIRE AREA 24)

AR Rt RS e e s e R

'Generlc Fire

Location

Number of

Total Number

lgnition SourcelFire Compartme

] Frequency

Welghting

Components in

In All Plant

Weighting

Fire Frequency

Factor (WL)*

Fire Area

Locations

Factor (WI)

l
%_ 1,50E-02 0.2 3.000E-03
e
Fire Prot. Panel || 2.40E-03 3 40 0.00E+00 0.000E+00
RPS MG Set | 5,50E-03 3 31 0.00E+00 0.000E+00
Non-Qual, Cable I 6.30E-03 3 8 12000 6.67E-04 1.260E-05
Non-Qual. JB | 1.60E-03 3 8 12000 6.67E-04 3.200E-06
Transformers | 7.90E-03 3 47 0.00E+00 0.000E+00
Battery Chargers l 4.00E-03 3 34 0.00E+00 0.000E+00
Air Compressors 4.70E-03 3 26 0.00E+00 0.000E+00
Vent. Subsystem 9.50E-03 3 289 0.00E+00 0.000E+00
Sum of Ignition  Total Number
Sources WF for of
Transient source Compartments
Transients 1.30E-03 3 4 34 1.18E-01 4.588E-04
Cable fire-Welding | 5.10E-03 3 1 34 2.94E-02 4 500E-04
Translent Fire-weld; 3.10E-02 3 1 34 2.94E-02 2.735E-03
TOTAL 6.660E-03

* For Plant Locations the weighting factor is the number

of units (3) divided by number of switchgear rooms (15).







FIRE AREA / COMPARTMENT IGNITION ]

FREQUENCY

PHASE II (STEP 1) EVALUATION

Location

Number of

Total Number

lgnition Source

iFrequency

Weighting

Components In

In All Plant

Weighting

Fire Frequency

Factor

L*

Fire Area

Locations

Factor (WI

2.40E-03

Electric Cabinets 3 7.200E-03
Fire Pumps i 4.00E-03 3 1.200E-02
Othe 3.20E-03 3 9.600E-03

| 2.40E-03 3 1 40 2 50E-02 1.800E-04
RPS MG Set H 5.50E-03 3 31 0.00E+00 0.000E+00
Non-Qual. Cable 6.30E-03 3 271 12000 2 26E-02 4.268E-04
Non-Qual. JB i 1.60E-03 3 271 12000 2.26E-02 1.084E-04
Transformers i 7.90E-03 3 3 47 6.38E-02 1.513E-03
Battery Chargers | 4.00E-03 3 34 0.00E+00 0.000E+00
Air Compressors || 4.70E-03 3 26 0.00E+00 0.000E+00
Vent. Subsystem || 9.50E-03 3 8 289 2 77E-02 7.889E-04

i Sum of Ignitior

ﬁ Source WF

33 For Transients
Transients ﬁ 1.30E-03 3 7 34 2.06E-01 8.029E-04
Cable fire-Welding i 5.10E-03 3 1 34 2.94E-02 4.500E-04
Transient Fire-weldiri  3.10E-02 3 1 34 2.94E-02 2.735E-03

g TOTAL 3.581E-02
*Note: The Plant Location weighting factor is 3 (3units/1 IPS). The Plant Wide Location weighting factor is 3

to account for three (3) units.

Fire Compartment







FIRE AREA /| COMPARTMENT IGNITION FREQUENCY

PHASE II (STEP 1) EVALUATION

I

Components

ji |

Generic Fire

Location

Number of

Total Number

PLANT LOCATION: PIPE TUNNEL (FIRE COMPARTMENT 25-2)

Ignition Source

Fire Compartment

Frequency

Welighting

Components in

In All Plant

» Weighting

Fire Frequency

Fact L

Fi

A

L

ti

Factor (WI

NO PLANT LOCATION COMPONENTS

Non-Qual. Cable 6.30E-03 3 5 12000 4.17E-04 7.875E-06
Non-Qual. JB 1.60E-03 3 5 12000 4.17E-04 2.000E-06
§ TOTAL 9.875E-06







|[FIRE AREA / COMPA.[ENT IGNITION FREQUENCY

; @
PHASE II (STEP 1) EVALUATION
PLANT LOCATION: TURBINE BUILDING (FIRE COMPARTMENT 25-3)
Components Generic Fire {Location Number of Total Number Ignition Source {Fire Compartmer
Frequency {Weighting Components injln All Plant Weighting Fire Frequency
Factor Fire Area _ iLocatlons Factor (WI)
|
Boiler | 1.60E-03 3 1 1 1.00E+00 4.80E-03
Electrical Cabinets || 1.30E-02 3 1 1 1.00E+00 3.90E-02
Feedwater Pumps || 4.00E-03 3 1 1 1.00E+00 1.20E-02
Other Pumps | 6.30E-03 3 1 1 1.00E+00 1.89E-02
T/G Excitor | 4.00E-03 3 1 -4 1.00E+00 1.20E-02
T/G Ol | 1.30E-02 3 1 1 1.00E+00 3.90E-02
T/G Hydrogen i 5.50E-03 3 1 1 1.00E+00 1.65E-02
Fire Prot. Panel || 2.40E-03 3 4 40 1.00E-01 '7.200E-04
RPS MG Set | 550E-03 3 2 31 6.45E-02 1.065E-03
Non-Qual. Cable || 6.30E-03 3 6165 12000 5.14E-01 9.710E-03
Non-Qual. JB 1.60E-03 3 6165 12000 5.14E-01 2.466E-03
Transformers 7.90E-03 3 20 47 4.26E-01 1.009E-02
Battery Chargers 4.00E-03 3 1. 34 2.94E-02 3.529E-04
Air Compressors || 4.70E-03 3 16 26 6.15E-01 8.677E-03
Vent. Subsystem 9.50E-03 3 128 289 4.43E-01 1.262E-02
Off-Gas/H2 Recomb.! 8.60E-02 3 3 3 1.00E+00 2.580E-01
h Sum of Ignition  Total Number
Sources WF for, o