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EXECUTIVE SUMMARY

The Browns Ferry Nuclear Plant Unit 1(BFN-1) seismic evaluation for Individual Plant
Examination for External Events (IPEEE) was performed in accordance with Nuclear
Regulatory Commission (NRC) NUREG 1407 guidelines using the seismic margins
methodology developed by the Electric Power Research Institute (EPRI NP-6041). The
evaluation was performed in a manner similar to that performed for the seismic IPEEE
programs for BFN-2 and BFN-3.

The seismic margins assessment was performed in conjunction with evaluations for the
resolution of Unresolved Safety Issue (USI) A-46. All seismic IPEEE components were
added to the US| A-46 safe shutdown equipment list (SSEL), and evaluated using the
screening evaluation criteria in the Seismic Qualification Utility Group (SQUG) Generic
Implementation Procedure (GIP). Outliers identified in the USI A-46 screening
evaluations have been or are being resolved by maintenance-related work orders and
design changes. The seismic margins assessment took credit for these outlier
resolutions. The seismic margins assessment also took credit for planned modifications
stemming from the BFN-2 and BFN-3 seismic IPEEE programs.

The review level earthquake for the seismic margin assessment for the BFN plants is
defined as an earthquake having a response spectrum that matches the median (50%
Non Exceedance Probability — NEP) CR-0098 spectral shape anchored to a peak
ground acceleration of 0.30g. After capacity screening based on EPRI NP-6041, high
confidence low probability of failure (HCLFP) capacity evaluations were performed for a
number of plant components. The seismic IPEEE evaluations conclude that the BFN-1
HCLPF capacity is at least as high as 0.30g.

One item was identified as requiring further strengthening during the seismic-induced-
fire walkdown screening evaluation per the NUREG 1407 guidelines. Batteries on the
emergency lighting battery rack in the cable spreading room lacked end restraints, side
restraints, and spacers between batteries. Corrective action was initiated to add the
necessary restraints to these batteries. No additional corrective actions were required
as a result of the seismic IPEEE evaluations, encompassing the in-plant walkdowns,
capacity screening evaluations, HCLPF capacity evaluations, seismic systems
interaction reviews, and seismic-induced spray and flooding reviews.
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1. INTRODUCTION AND METHODOLOGY SELECTION

In the Commission policy statement on severe accidents in nuclear power plants issued
in 1985, the Commission concluded, based on available information, that existing plants
pose no undue risk to the public health and safety and that there is no present basis for
immediate action on any regulatory requirements for these plants. However, the
Commission recognized that systematic examinations are beneficial in identifying plant-
specific vulnerabilities to severe accidents that could be fixed with low-cost
improvements. In 1988 the Commission requested that each licensee conduct an
individual plant examination (IPE) for intemally initiated events including internal
flooding. Many Probabilistic Risk Assessments (PRAs) performed in support of the IPEs
indicated that, in some instances, the risk from external events could contribute
significantly to core damage.

In July 1990, following public comments and a workshop, the Commission issued
Supplement 4 to Generic Letter 88-20 (Reference 1) requesting that each licensee
conduct an individual plant examination of extenal events (IPEEE). The general
objectives of the IPEEE are similar to that of the IPE; that is, for each licensee (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.

The staff has concluded that five external events need to be included in the IPEEE:
seismic events, intemal fires, high winds, floods, and transportation and nearby facility
accidents. This report addresses seismic events.

Acceptable methodologies for performing the seismic IPEEE are summarized in
NUREG-1407 (Reference 2). This evaluation may be conducted by performing a
seismic PRA or a Seismic Margins Assessment (SMA). The SMA methodology was
designed to demonstrate sufficient margin over the Safe Shutdown Earthquake (SSE) to
ensure plant safety and to find any “weak links” that might limit the plant shutdown
capacity to safely withstand a seismic event larger than the SSE or lead to seismically
induced core damage. The SMA may in tum be performed using the methodology
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developed by Lawrence Livermore National Laboratories (LLNL) or by the Electric Power
Research Institute (EPRI). TVA has opted to perform a SMA using the EPRI
methodology (Reference 3).

Browns Ferry was placed in the focused-scope category for margin assessment. The
basic information used was the 1989 Lawrence Livermore National Laboratory seismic
hazard estimates for nuclear power plant locations in the eastem United States
(Reference 4) and the EPRI hazard study (Reference 6).

New seismic hazard data were published in October, 1993, which demonstrate that the
seismic hazard at existing eastem United States nuclear power plants is much less than
what the NRC staff originally believed (Reference 5). Supplement 5 to Generic Letter 88-
20 (Reference 1) would permit Browns Ferry to change to a modified focused scope
classification. '

TVA elected to complete the Browns Ferry SMA following NUREG 1407 and EPRI
NP-6041 as a focused-scope plant without schedule delays or major scope changes.
The new information and extensive seismic evaluation performed for the recent vintage
plant were, however, considered when determining the quantity of components selected
for high-confidence-of-low-probability of failure (HCLPF) evaluation and the level of
evaluation for issues such as soils, structures, and NSSS components.

Detailed plant walkdowns are considered the most cost-effective and beneficial aspect of
the SMA program. Combined US| A-46 and IPEEE walkdowns were performed in
accordance with the Seismic Qualification Group (SQUG) Generic Implementation
Procedure (GIP) (Reference 7), with enhancements based on EPRI NP-6041

(Reference 3). Seismic-induced-flooding evaluations were performed based on the
results of a recently-completed seismic 11/l spray program implemented as part of the
BFN-1 Restart Project. Specific seismic-induced-fire walkdown evaluations were
performed as part of the BFN-1 SMA.

The BFN-1 SMA was performed following the same approach as used for the BFN-2 and
BFN-3 seismic IPEEE programs. Common system components and BFN-1 components
that were included in the BFN-2 and BFN-3 Seismic IPEEE programs were re-evaluated

only if the item of equipment is located inside of the BFN-1 Reactor Building. Other
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components previously addressed in the BFN-2 and BFN-3 programs (such as items in
the Diesel Generator Buildings and the Intake Pumping Station) were not re-evaluated.

Two (2) items of equipment were determined to have HCLFP capacity values less than
the 0.30g review level earthquake (RLE) in the BFN-2 and BFN-3 Seismic IPEEE
program. These include the 4kV/480V transformers 0-OXF-219-TDA and 0-OXF-219-
TDB at elevation 583'-6” of the diesel generator buildings for units 1 and 2. TVA has
committed to replace these transformers, so the less than 0.30g HCLPF capacity is not
considered in the BFN-1 Seismic IPEEE program.

The BFN-1 USI A-46 resolution program is documented in References 15 and 16 for the
equipment and relay reviews, respectively. Certain items of equipment were identified
as outliers in the USI A-46 program, and the outlier resolution activity for some of these
outliers involves work orders and design change notices (DCNs). The BFN-1 Seismic
IPEEE program takes credit for these outlier resolution modifications.

1.4 MAPPING OF REGULATORY REPORTING REQUIREMENTS
TO CONTENTS OF THIS REPORT

The regulatory reporting requirements for the utility submittals for the seismic IPEEE
program are described in NUREG-1407 (Reference 2), Section C.2.2 and Table C.1.
The contents of this report include all of the requirements, as summarized in Tables 1-1
and 1-2.
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Table 1-1: Submittal Requirements from NUREG-1407, Section C.2.2

Description of the methodology and list of important Chapter 1
assumptions.

Summary of the walkdown resuits. ' Chapter 5
Concise description of the walkdown team and procedures Appendix A
used.

Seismic event trees when NRC SMM is used. N/A®M
Description of the success paths and procedures used for their | Chapter 3
selection and of each component in the controlling success

path.

Any seismically induced containment failures and other Chapter 9

containment performance insights.

Table of HCLPF's.

Chapters 5, 6

Documentation with regard to other seismic issues. (US! A-46)

Chapter 1

Non-seismic failures and human actions for the NRC SMM
method.

NA®

Page 4
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Table 1-2: Submittal Requirements from NUREG-1407, Table C.1

3.0 | Methodology Selection Chapter 1
3.1.1 | Review of plant information, Screening, and Walkdown Chapters 1 and 5
3.1.2 | System Analysis Chapter 3
3.1.3 | Analysis of Structure Response Chapter 4
3.1.4 | Evaluation of Seismic Capacities of Gomponents and Plant Chapters 5, 6, and 11
3.1.5 | Analysis of Containment Performance Chapter 9
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2. REVIEW OF PLANT INFORMATION

Brief descriptions of the general plant description, ground response spectra, structures,
equipment, and distribution systems for Browns Ferry Nuclear Plant (BFN) are
presented below. Detailed information and description are contained in existing plant
licensing documents, including the Final Safety Analysis Report (FSAR, Reference 10).

2.1 GENERAL PLANT DESCRIPTION

The Browns Ferry site is located on the north shore of Wheeler Lake at river mile 294 in
Limestone County in north Alabama. The site is approximately 10 miles southwest of
Athens, Alabama, and 10 miles northwest of the center of Decatur, Alabama. The plant
consists of three General Electric (GE) boiling water reactors with Mark | containments,
each with an electrical output of about 1,100 megawatts. Commercial operation of each
unit began on the following dates: Unit 1 on August 1, 1974, Unit 2 on March 1, 1975,
and Unit 3 on March 1, 1977.

For the Browns Ferry project, TVA acts as its own engineer-constructor. GE designed,
fabricated, and supplied the nuclear steam supply system (NSSS) and nuclear fuel for
the plant, as well as the turbine-generators. GE also provided technical supervision for
the installation and startup services of this equipment.

Detailed description of the BFN site hydrology, water quality and marine biology is
contained in Section 2.4 of the FSAR (Reference 10). The geology and seismology of
the general region as well as the plant site are discussed in detail in Section 2.5 of the
FSAR (Reference 10).

2.2 GROUND RESPONSE SPECTRA

The BFN licensing-basis Design Basis Earthquake (DBE) ground motion acceleration
response spectrum is defined in Sections 2.5.4 and 12.2 of the BFN Final Safety
Analysis Report (Reference 10). Seismic requirements for Class | structures are
defined in TVA General Design Criteria BFN-50-C-7102 (Reference 11). The horizontal
peak ground acceleration (PGA) corresponding to the DBE is 0.20g, defined at the top
of sound rock. Vertical ground motion is two-thirds of the horizonta! ground motion as
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specified in the FSAR. The site DBE design ground spectrum is that of a Housner
shaped spectrum, anchored to 0.2g PGA.

2.3 STRUCTURES

The design of all structures and facilities (Class | & 1l) conformed to the applicable
general codes or specifications such as Uniform Building Code (UBC); American
Institute of Steel Construction (AISC) "Specification for the Design, Fabrication, and
Erection of Structural Steel for Buildings"; American Concrete Institute (ACI) "Building -
Code Requirements for Reinforced Concrete" (ACI 318) and "Requirements for
Reinforced Concrete Chimneys" (ACI 307); and American Welding Society (AWS)
"Structural Welding Code - Steel" (AWS-D.1.1), among others.

- Seismic requirements for Class | structures, features, and systems are contained in
TVA General Design Criteria BFN-50-C-7102 (Reference 11). Basically, the design of
Class | structures were based on the following criteria:

= Operational basis earthquake (OBE) considered a horizontal ground
acceleration of 0.10g.

= Design basis earthquake (DBE) considered a horizontal ground
acceleration of 0.20g.

m Vertical ground accelerations associated with the OBE and DBE
were defined as 2/3 of the corresponding horizontal response
spectra.

Class | structures, equipment and safety related piping were designed such that stress
and deformation behavior of structures, piping, and equipment were maintained within
the allowable limits when subjected to loads such as dead, live, pressure, and thermal,
under normal operating conditions combined with the seismic effects resulting from the
response to the OBE. These allowable limits are defined in appropriate design
standards such as the ASME Boiler and Pressure Vessel Code; American National
Standards Institute (ANSI) Code for Pressure Piping ANSI B31.1.0, Power Piping; ACI
318 Building Code Requirements for Reinforced Concrete; and AISC Specification for
the Design, Fabrication and Erection of Structural Steel for Buildings. In addition, the
stresses that resulted from normal loads and design basis loss-of-coolant accident
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loads combined with the response to the DBE were limited so that no loss of function
occurred and the capability of making a safe and orderly plant shutdown was
maintained.

Class |l structures were designed in accordance with procedures of the Uniform
Building Code for Zone 1. The combined stresses from normal and earthquake
loadings were limited to those pemmitted by the design criteria and applicable industry
standards and codes.

2.4 EQUIPMENT SUPPLIED BY THE NSSS VENDOR

General Electric (GE) designed, fabricated, and supplied the nuclear steam supply
system (NSSS), turbine-generators, as well as the nuclear fuel for the plant. GE also
provided technical supervision for the installation and startup services of this
equipment. In general, the modules were designed to withstand and perform their
functions during an OBE and a DBE. This qualification was ascertained by either
analytical techniques, vibration testing techniques, or a combination of the two. - A
seismic specification covering the following procedure was made a part of the purchase
order.

2.5 EQUIPMENT SUPPLIED BY OTHER THAN NSSS VENDOR

All the Class | instrumentation and electrical equipment were designed and tested or
analyzed to ensure their capability to perform their required functions during and after
the Design Basis Earthquake (DBE). This includes equipment made by General
Electric (GE) as well as that purchased by GE. Suppliers of Class | equipment were
required to verify the adequacy of their equipment by submitting test, analytical, or
operating experience data. Typically, equipment supplied as part of the original design
are in compliance with IEEE-344-71 requirements.

2.6 SEISMIC CLASS | PIPING AND INSTRUMENT TUBING

Analytical and design methods used for seismic Class | piping, including buried piping,
and instrument tubing are contained in TVA General Design Criteria BFN-50-C-7103
(Reference 12). All systems were re-evaluated and strengthened as required as part of
the BFN-1 Restart Project.
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2.7 SEISMIC CLASS | DISTRIBUTION SYSTEMS

Seismic Class | cable trays, conduit, and HVAC duct systems are analyzed and
designed in accordance with TVA General Design Criteria BFN-50-C-7104

(Reference 14). All existing cable trays, conduit, and HVAC duct systems and supports
have been or are being re-evaluated and strengthened as required as part of the BFN-1
Restart Project. The existing cable trays and conduit were evaluated as part of the USI
A-46 resolution program at BFN-1 using the guidelines of the Seismic Qualification
Utility Group (SQUG) Generic Implementation Procedure (GIP, Reference 7).

2.8 SEISMIC SPATIAL SYSTEM INTERACTIONS

Browns Ferry has a seismic categorization similar to Regulatory Guide 1.29, using the
terminology of Class | and Class Il. The term [l/I is used to describe physical conditions
where Class Il components are located above or in proximity to Class | components.
Seismic induced spray refers to the possible breach of a fluid pressure boundary due to
its own seismic response or its seismic interaction with other plant features. Seismic
induced spray is a hazard when there are target Class | components, vulnerable to fluid
spray, in the vicinity of the source.

A comprehensive “lI/I” seismic interaction verification program was implemented as part
of the BFN-1 Restart Project. Seismic spatial interactions (failure, falling, and impact)
were evaluated for all Safe Shutdown Equipment List (SSEL) items during the US| A-46
resolution program. Impact-related seismic interactions are further addressed by the
TVA BFN Potential Clearance Discrepancy (PCD) evaluation program for piping
clearance discrepancies of 3" and under. Seismic-induced spray evaluations were
addressed by detailed walkdowns and bounding evaluations (Reference 19) in

" accordance with TVA Design Criteria BFN-50-C-7306 (Reference 13).
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3. SYSTEM DESCRIPTION AND SUCCESS PATH SELECTION

The success path selection and identification of components for the BFN-1 Seismic
IPEEE program were based on the previous BFN-2 and BFN-3 seismic IPEEE
programs. The SQUG GIP was utilized as guidance in choosing the items and
identifying boundary conditions and assumptions.

The seismic safe shutdown equipment list (SSEL) identifies the equipment necessary to
maintain operability of those frontline systems required to safely shut down the plant and
maintain it in hot shutdown for 72 hours. The relevant plant functions are as follows:

* Reactivity control

* Reactor coolant system inventory control

* Reactor coolant system pressure control

* Decay heat removal
The above functions are assured through evaluation of the systems, structures, and
components included in the following frontline systems:

* Reactor protection system (RPS)

*  Control rod drive/hydraulic control unit (CRD/HCU) system

» Safety relief valve (SRV) system

* Core spray (CS) system

* Residual heat removal (RHR) system in low pressure injection (LPCI) mode
and suppression pool cooling (SPC) mode

» Primary containment isolation
The following support systems are required to ensure frontline system operation:

* AC power system, including the emergency diesel generators
* DC power system |
* Residual heat removal service water (RHRSW) system

» Essential equipment cooling water (EECW) system
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* Heating, ventilating, and air-conditioning (HVAC) systems for RHR and CS
areas, emergency diesel generator rooms, and control room

» Containment atmosphere dilution (CAD) system

Success path logic diagrams (SPLDs) were constructed for the BFN-2 and BFN-3
seismic IPEEE programs based on an understanding of available plant equipment
functions as well as the plant normal and emergency operating procedures. The SPLDs
were reviewed and agreed upon by Browns Ferry Operations personnel. They were
used as a basis for the identification of the equipment to be included on the BFN-2 and
BFN-3 SSELs. Equipment selected for inclusion on the SSEL was evaluated in a
manner similar to that described in the SQUG GIP (Reference 7). Guidance from EPRI
NP-6041 (Reference 3) was also used in the evaluation as well as in preparing the
format for the list of components.

The assessment of equipment necessary to maintain the identified functions is made
under a set of boundary conditions. Offsite power is assumed to be lost, however, the
potential is evaluated for adverse effects should the power were not lost or if it were to
be restored. The success paths are capable of maintaining the plant in hot shutdown for
a period of 72 hours. The success path development addresses seismically-induced
transient events or a seismically-induced one-inch loss of coolant accident (LOCA).
Non-seismic components of system availabilities are not addressed for multiple or
redundant train systems, but are considered for single train systems.

In addition to the components of the systems discussed above, the structures housing
the components included in the above systems are also reviewed. These include
seismic Class | structures such as the Reactor Buildings, the Diesel Generator
Buildings, and the Intake Pumping Station. All Seismic Class | structures are cast-in-
place reinforced concrete structures. The floors are supported on beams and girders
which are in tum supported on interior columns and/or exterior walls. Where interior
shear walls are installed, the beams and girders are supported on the shear walls. All
interior shielding walls and partitions, other than structural shear walls, are either
reinforced concrete or concrete block and are not load bearing. The Reactor Buildings
(RB) and the Intake Pumping Station (IPS) are founded on sound rock, while the Diesel
Generator Buildings (DGB) are founded on 3 feet of compacted soil and 32 feet of
crushed stone above the sound rock.
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4. SEISMIC MARGIN EARTHQUAKE DEMAND

4.1 INTRODUCTION

In-structure response spectra (IRS) corresponding to the Review Level Earthquake
(RLE) are required for the Seismic Margin Assessment (SMA). For Browns Ferry, the
RLE is defined as an earthquake having a response spectrum that matches the median
CR-0098 spectral shape (Reference 8) anchored to a peak ground acceleration of
0.30g.

The IRS for the Reactor Building (RB), Diesel Generator Building (DGB) and Intake
Pumping Station (IPS) were obtained from the A-46 spectra using scaling procedures,
following the recommendations given in Reference 3. The procedure used to generate
the IRS is described briefly below. A more complete treatment of the subject can be
found in Reference 9.

4.2 DESCRIPTION OF SCALING PROCEDURE

The dominant mode scaling procedure described in Reference 3 is used here since the
input motion spectra for the A-46 and the SMA earthquakes have similar shapes over
the relevant range of frequencies. This procedure uses a scale factor for the spectral
amplitude change when the input motion is changed.

The factor for the spectral amplitude change in the response of the combined, soil-
structure system is controlled by several parameters. It can be defined as the ratio
between the spectral ordinates of the A-46 and the SMA acceleration input spectra at

the predominant frequencies and damping ratios of the combined, soil-structure system.
The scaling factor, Rg,, is

Sa (fSMA'BSMA)
Rsa=
Sa (fA-46'BA-46)
where S, (f,,,,8,,) is the spectral ordinate of the input acceleration response spectrum

for the SMA review level earthquake at the predominant frequency, f

suar and equivalent
damping ratio, B,,,, of the soil-structure system, and Sa (f, .8, ) is the spectral

SMA’
ordinate of the input acceleration response spectra for the design basis earthquake at
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the predominant frequency, f, ., and equivalent damping ratio, B3, , ., of the soil-structure

A-46’ A-46'

system.

The predominant frequency of the soil-structure system was estimated as the frequency
corresponding to the peak spectral acceleration in the A-46 in-structure response
spectra. The damping for the SMA RLE was taken as 7% for reinforced concrete
structures at RB and DGB, and 5% for IPS. The level of damping was estimated as the
sum of two parts: (1) damping of 5% for structures founded on rock such as RB and
IPS, assuming the structure is not highly stressed at the RLE, and (2) 2% additional
damping to reflect the material and radiation damping of the soil for soil-supported
structures such as DGB. Note that a damping value of 7% was assumed for RB based
on the estimated stress state of the structure at the RLE.

The vertical input ground motion specified for seismic IPEEE is defined, according to
Reference 8, as two-thirds of the horizontal motion. Since the vertical A-46 IRS is also
defined as two-thirds of the horizontal spectra, the scale factors used to obtain the
vertical SMA IRS are the same as for the horizontal case.
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5. SEISMIC MARGIN ASSESSMENT SCREENING AND WALKDOWN

5.1 SEISMIC REVIEW TEAM

The Seismic Review Team (SRT) was assembled following guidance provided in
Reference 3, drawing on the experience and expertise of Facility Risk Consultants, Inc..

Each walkdown team included a minimum of two Seismic Capability Engineers (SCESs)
members who had completed the Seismic Qualification Utility Group (SQUG) Walkdown
Screening and Seismic Evaluation training course. In addition, some members also
attended the seismic IPEEE training course (see Appendix A). The following persons
participated in the SRT walkdowns and evaluations:

* John O. Dizon

* Stephen J. Eder

* Farid Elsabee

* Rickard Tiong

* Robert D. Hookway

» Jess O. Betlack (no participation in walkdowns)
Among the team members there is strong experience in each of the areas Iisied below:

x Knowledge of the failure modes and performance of structures,
tanks, piping, process and control equipment, and active electrical
and mechanical components during strong earthquakes.

] Knowledge of nuclear design standards, seismic design practices,
and equipment qualification practices for nuclear power plants.

| Ability to perform fragility evaluations including
structural/mechanical analysis of essential elements of nuclear
power plants.

| General knowledge of the plant system functions and normal and

emergency operating procedures.
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The resumes for each of the seismic walkdown team members are presented in
Appendix A.

5.2 WALKDOWN PREPARATION AND PRE-SCREENING

The purpose of pre-screening was to ensure efficiency in the walkdowns and
subsequent evaluations by completing the maximum amount of data entry in advance of
the walkdown. This was accomplished by incorporating existing data onto the seismic
IPEEE and SQUG GIP Screening Evaluation Work Sheet (SEWS) documentation forms
prior to the walkdowns. Data that was reviewed consisted of the Final Safety Analysis
Report, design criteria, stress reports, equipment qualification reports (testing and
analysis), structures and equipment support drawings, equipment location drawings,
anchorage calculations, and records from other related programs previously performed
at Browns Ferry (including the BFN-2 and BFN-3 USI A-46 and seismic IPEEE
programs). An initial walkdown was performed by the SRT as part of the pre-screening
task to review the SSEL and to group items according to the "Rule of the Box."

Pre-screening was performed with three purposes in mind:

| To identify critical failure modes to be specifically reviewed on the
walkdown.
x Assemble qualification and installation data for use as a basis for

screening in the margins review.

] To provide data to be utilized in HCLPF calculations.

A considerable amount of information was extracted from the existing documentation
and was subsequently recorded on the Screening and Evaluation Work Sheets (SEWS)
prior to commencing the detailed walkdowns. Information entered into SEWS during
prescreening was intended to provide available data to the SRT to assist in equipment
screening.

5.3 SCREENING CRITERIA

The Browns Ferry seismic IPEEE was completed following the EPRI seismic margins
methodology recommended by NUREG-1407 (Reference 2) for a focused scope plant.
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Civil structures, equipment and subsystems were screened following the methodology
provided in EPRI NP-6041 (Reference 3) for a focused-scope plant. Screening criteria
are provided in Tables 2-3 and 2-4 of Reference 3 for civil structures and equipment and
subsystems, respectively. The criteria corresponding to 5 percent-damped peak
spectral acceleration less than 0.8g were used for Browns Ferry based on the RLE. The
guidelines are supplemented by Appendix A of the EPRI seismic margins methodology
(Reference 3) which provides the basis for the seismic capacity screening guidelines.
Walkdown data sheets from the SQUG GIP augmented to include additional review per
EPRI NP-6041 were used during the SRT walkdowns.

5.4 SEISMIC MARGIN WALKDOWNS

The walkdowns were performed following the procedures of the SQUG GIP
supplemented by EPRI NP-6041 and NUREG-1407. The walkdowns concentrated on
the strength and load path of the equipment as well as function and integrity. The review
of equipment anchorage was a prime objective for the walkdown teams. The anchorage
evaluation addressed both physical attributes of the anchorage installation and the
capacity relative to other success path items as well as the postulated demand at the
RLE.

Interaction reviews were performed to identify falling, impact, spray and flood, and
seismic-induced-fire issues that could affect success path items. Falling, impact, and
spray and flood evaluations were specifically performed for every item on the SSEL.
The seismic-induced-spray program was performed separately, on an area-by-area
basis, as part of the BFN-1 Restart Project. After the equipment walkdowns were
completed, an additional focused seismic-induced-fire walkdown was performed on an -
area-by-area basis.

Suspended systems including cable trays, conduit, and ductwork were walked down
separately from the SSEL seismic margin walkdowns, as part of USI A-46 and the

BFN-1 Restart Project. The ceiling above the control room was reviewed to verify if the
light fixtures and ceiling grid were adequately supported, and to evaluate the potential for
ceiling panels to fall especially at the expansion joint between BFN-1 and BFN-2.

Containment penetrations were reviewed on an area basis to identify anomalies that
might affect containment performance. Concermns such as falling and differential building
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displacement were considered. Displacement concems between the containment shell
and intemal structure were also reviewed. Containment isolation valves were added to
the SSEL.

Following the completion of the plant A-46/IPEEE walkdowns, SRT members convened
to complete the IPEEE ranking and screening task. SRT members reviewed the SEWS
and categorized components into the following resolution categories:

n Screened out by the SRT based on Table 2-4 of EPRI NP-6041 or
A-46 evaluations with factor of safety greater than 2

] Screened out pending resolution of A-46 outliers
] Candidate for HCLPF evaluation identified during walkdown

As a result of this screening process, items were selected for HCLPF evaluation. A
summary of this screen is presented in Table 6-1. These items are considered to
represent the most vuinerable issues observed by the SRT that have not been identified
for repair. Other items may have comparable seismic capacity but are considered
bounded by the selected items. These items identified for HCLPF evaluation were
grouped into the following seven (7) categories based on similarity of the equipment and
identified controlling failure mode. HCLPF evaluations are summarized in Section 6.

Group 1: Anchorage of Motor Control Centers
Group 2: Anchorage of Instrument racks .
Group 3: Anchorage of I&C Panels and Cabinets
Group 4: Anchorage of Main Control Room Cabinets

Group 5: Anchorage of RHR and CS Pumps
Group 6: Anchorage of RHR Heat Exchangers
Group 7: Anchorage of Remote Control Cabinets

The HCLPF capacity evaluations for other categories of equipment such as
transformers, low voltage switchgear, battery racks, battery chargers, and the
RHRSW pumps were performed under the BFN-2 and BFN-2 seismic IPEEE
programs. The SRT reviewed these calculations and concurred with the
conclusions (HCLPF > 0.30g), so no new HCLPF capacity evaluations were
performed for these categories of equipment.
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5.5 STRUCTURES

Table 5-1 lists civil structures following the format of EPRI NP-6041, Table 2-3, along
with screening results for the Browns Ferry plant. All Browns Ferry Category | structures
are screened from further review based on Reference 3, Table 2.3 and Section 12 of the
FSAR. All of the buildings were screened out in the BFN-2 and BFN-3 Seismic IPEEE
programs, and there have been no significant changes to these building structures since
that time. A brief description of each of the buildings within seismic IPEEE success
paths is provided in the following subsections.

5.5.1 Reactor Building

This plant uses a separate reactor building for each nuclear unit. The reactor building
encloses its reactor and pressure suppression primary containment and provides
secondary containment during power operation. The building also serves as the main
containment during reactor refueling and maintenance operations when the primary
containment is open. Browns Ferry does not have a separate control building; rather, the
control room and associated electrical rooms are an integral part of the reactor building.

The reactor building is primarily of reinforced concrete shear wall and floor slab
construction, with concrete beams and columns provided for vertical load support. The
foundation bears on bedrock at approximately' Elevation 519’, with crushed rock and
compacted soil backfill to Elevation 595°. The light bulb-shaped drywell is also
constructed from reinforced concrete that is cast integrally with the rest of the reactor
building. The intemnal structures within the drywell include the reactor pedestal and
sacrificial shield wall. Structural steel framing above the refueling floor at Elevation 664’
supports the roof and the crane girder. Lateral load resistance is provided by moment
frames in the N-S direction and braced frames in the E-W direction.

The dynamic seismic response of the reactor building in the original design analysis was
determined using 2-D lumped mass stick models. Mass was lumped at the five floors,
the roof, the suppression chamber support, and the crane rail. Structural stifiness was
represented by equivalent beam properties between each of the masses. Dynamic
seismic response of the drywell intemals was determined by a lumped mass
mathematical model coupling the intemals to the building. Included in this model were
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the reactor pressure vessel, the reactor pedestal and the sacrificial shield wall, as well
as the building.

5.5.2 Diesel Generator Buildings

The diesel generator building for Units 1 and 2 is located on the west side of the reactor
building. It is isolated from other structures by a two-inch expansion joint. The diesel
generator building is of reinforced concrete construction with concrete floor slabs. The
foundation bears on three feet of compacted soil backfill. Beneath the soil backfill to
bedrock is a crushed rock backfill. The structure is partially embedded, the south wall
facing soil for its entire height.

Dynamic seismic response of the diesel generator building in the original design analysis
was determined using 2-D lumped mass stick models including translational and
rotational soil springs. Soil spring stiffnesses were obtained using finite element
analyses of the foundation conditions. The soil-crushed rock backfill was assumed to
amplify bedrock ground motions by a factor of 1.6.

The diesel generator building for Unit 3 is located on the east side of the reactor building.
In other respects, it is similar to the diesel generator building for Units 1 and 2. The
dynamic seismic response of the Unit 1/2 building was applied to the Unit 3 building.

5.5.3 RHR Service Water Intake Structure {Intake Pumping Station)

The residual heat removal service water intake structure is a single structure serving all
three units. It is constructed from reinforced concrete walls and slabs. The structure is
founded on bedrock with soil backfilled on three sides to the roof at Elevation 565'.
Discontinuous subfloors occur at Elevations 540’, 542’ and 550'. The structure is
symmetrical in the transverse (N-S) direction with several walls resisting loads. In the
longitudinal (E-W) direction, two walls on the north side resist seismic forces. The south
wall is discontinuous below Elevation 537’ to permit cooling water intake. The intake
structure was designed for 0.2g design basis earthquake.

5.5.4 Reinforced Concrete Chimney

The reinforced concrete chimney stands 600 feet high and varies in diameter from 62
feet at the base to 6 feet at the top. Intemal structures housed within the chimney bear
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on the same foundation and are seismically separated by expansion joints at the floor
slab. The chimney is reinforced by vertical and hoop steel. The foundation is anchored
by steel reinforcement grouted in holes drilled 23 feet into bedrock. Seismic shear and
moment envelopes were developed in the original design analysis by subjecting a
dynamic model! of the chimney to the 1940 El Centro and seven other earthquake
records. Seismic loads govemned design of the chimney from 460 feet above the base to
the top.

5.5.5 Turbine Building

The turbine building is located north of the reactor building. These structures are
separated by a two-inch expansion joint. The turbine building was designed as a Class Il
structure. Below the operating floor at Elevation 617’, the turbine building is constructed
of reinforced concrete moment frames, shear walls and floor slabs. The turbine-
generators are supported by pedestals that are isolated from the floor slabs. Above the
Joperating floor, structural steel framing is used. Resistance to lateral loads is provided by
braced frames in the N-S direction and moment frames in the E-W direction. Horizontal
roof bracing transfers in-plane roof forces to the vertical elements. The turbine building
could suffer damage to the moment resisting frames under the review level earthquake;
however, the SRT judged that total collapse sufficient to damage equipment or systems
inside the reactor building was not credible.

5.6 SOILS EVALUATION

The structures housing safe shutdown components are either founded directly on rock or
on crushed rock backfill over rock. Soil failure is deemed not a significant issue based on
a review of the FSAR and is screened per Revision 5 of Generic Letter 88-20

(Reference 1).

5.7 NSSS REVIEW

Each nuclear unit includes a single cycle, forced circulation, boiling water reactor
supplied by General Electric. The reactor and primary coolant system components were
designed for 0.2g design basis earthquake. The NSSS system and supports are
screened from further review per Revision 5 of Generic Letter 88-20 (Reference 1).
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The control rod drive (CRD) mechanisms are cantilevered vertically from the bottom of
the reactor shell. The CRD housing ends are supported by rod-hung restraints. The
primary purpose of the restraints is to support the CRD housings vertically in the event of
a CRD housing failure. The restraints and CRD housing ends are joined with a bolted
clamp and plate mechanism which results in an interconnected grid work, and also
allows for disassembly in the event repair is required. This grid work is captured laterally
by a GE-designed restraint beam assembly, which is attached to the reactor pedestal
interior. Based on the demonstration of lateral support for the CRD housing ends, this
issue is screened from further review.

5.8 DISTRIBUTION SYSTEMS

- The following sections address the distribution systems; cable tray and conduit, HVAC
duct and piping.

5.8.1_Cable Tray and Conduit

Cable trays and conduit were reviewed on an area-by-area basis as part of the US| A-46
program to identify any anomalies that could lead to failure. A few items were identified
as potential outliers and will be dispositioned by analysis and/or modification as
appropriate under the A-46 program. Cable trays and conduit are screened from further
review based on Appendix A of Reference 3, and SRT walkdowns.

5.8.2 HVAC Duct

All Class | HVAC ducting and supports were specifically reviewed under the BFN-1
Restart Project in accordance with TVA General Design Criteria BFN-50-C-7104
(Reference 14) by members of the SRT. This included design of upgrades as required,
in order to achieve compliance with the criteria. Based on this review and the Design
Change Notices (DCNSs) in progress, the BFN-1 HVAC ducts are screened from further
following the guidance in Appendix A of Reference 3.

5.8.3 Piping

Piping systems were reviewed on an area basis during SRT equipment and subsystem
walkdowns. The SRT looked for any anomalies related to potential displacement
induced failure modes. No such anomalies were observed.
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Additionally, the SRT looked for potential failure modes of piping system appurtenances
such as instrument tubing and associated instruments, vent valves and drain valves.
Seismic interaction and seismic anchor motion were considered potential failure modes
for small bore lines attached to larger piping systems. No anomalies noted that could
lead to the loss of a pressure boundary of a success path list system were observed.

Containment penetrations were also reviewed on an area basis to identify any anomalies
that may affect containment performance. Anomalies such as seismic interaction
(falling) and differential building displacement were considered. No anomalies that could
affect containment performance were observed.

Browns Ferry piping was screened from further review based on Appendix A of
Reference 3, and SRT walkdowns. In addition, all BFN-1 Class 1 piping and instrument
tubing is being re-evaluated and upgraded as required, in accordance with TVA General
Design Criteria BFN-50-C-7103, as part of the BFN-1 Restart Project.

5.9 OTHER COMPONENTS

5.9.1 Masonry Walls

Masonry walls were inspected and evaluated in response to IE Bulletin 80-11 during the
1980's. Detalls of construction were confirmed and the walls were evaluated. As a
result of this evaluation, some masonry walls were modified by the addition of bracing.

Evaluations performed for the IE Bulletin 80-11 response formed the basis for the IPEEE
review. These evaluations documented the as-built conditions including:

Rebar details

Anchorage to other structural members

Attachment details

Additional loading such as electrical system components
Bracing details

All masonry walls near equipment on the SSEL were reviewed for IPEEE. All of the walls
had been previously reviewed for IE Bulletin 80-11 program. Evaluations were
performed in accordance with EPRI NP-6041. Wall HCLPF capacities were determined
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by modifying the IE Bulletin 80-11 calculations to reflect the scaled IPEEE seismic
demand and to remove conservatisms as applicable.

Most of the walls were reinforced. All of the walls except for one had HCLPF capacities
greater than 0.3g using the evaluation guidelines of EPRI NP-6041. The one wall had a
(preliminary) HCLPF capacity of 0.27g. It was determined that the failure mode of this
wall would be forming a plastic hinge at mid-height leading to a vertical collapse rather
than lateral tipping. The distance between the wall and the nearby SSEL equipment was
judged sufficient that there would be no impact. Therefore, this wall was also screened
out. This is the same methodology used for the BFN-2 and BFN-3 Seismic IPEEE
Program.

The unreinforced walls were very low (three courses high) walls set in spaces between
the top of concrete walls and concrete slabs. The HCLPF capacities for these walls
were well above 0.3g.

A biased sample of the most critical walls was generated for the IPEEE review by
reviewing analyses performed under both the initial and subsequent programs.

5.9.2 Control Room Ceiling

A seismic upgrade program was implemented for the Main Control Room (MCR) ceiling
as part of the BFN-1 Restart Project in consideration of control room habitability
improvements. This seismic upgrade included modification of the expansion joint gap
between BFN-1 and BFN-2, and elimination of the rattle space around the perimeter
walls. A HCLPF capacity evaluation was performed to evaluate the modified gap. The
evaluation concluded that the HCLPF capacity is greater than 0.30g.
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Table 5-1

SUMMARY OF CIVIL STRUCTURES SEISMIC MARGIN EVALUATION
(FORMAT FOLLOWS EPRI NP-6041, TABLE 2-3)

Type of Structure

IPEEE HCLPF Evaluation

Concrete containment

Screened based on EPRI NP-6041, Table 2-3

Containment internal
structure

Screened based on EPRI NP-6041, Table 2-3. The structure was
designed for greater than 0.1g.

Shear walls, footing and
containment shield walls

Screened based on EPRI NP-6041, Table 2-3. The walls were
designed for greater than 0.1g.

Diaphragms

Screened based on EPRI NP-6041, Table 2-3.
designed for greater than 0.1g.

Diaphragms were

Category | concrete frame
structures

Screened based on EPRI NP-6041, Table 2-3. Concrete frame
structures were designed for greater than 0.1g.

Masonry walls

Masonry walls are reviewed based on past upgrade programs.

Control room ceilings

Control room ceiling is reviewed based on seismic upgrade
program.

Impact between structures

Screened based on EPRI NP-6041, Table 2-3.

Category |l structures with
safety-related equipment or

with potential to fail Category

| structures

Screened based on no SSEL items located within Seismic
Category |l structures.

Dams, levees, dikes

Not required based on Supplement 5 to Generic Letter 88-20,

Soil failure modes

Not required based on Supplerﬁent 5to Generic Letter 88-20,
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6. ASSESSMENT OF ELEMENTS NOT SCREENED OUT

Seven (7) groups of equipment items were selected for HCLPF capacity evaluation by
the SRT. A total of ninety (90) equipment components are addressed in the HCLPF
capacity evaluation calculations. The selected equipment items are discussed below
along with the results of the HCLPF evaluations. The evaluation results are summarized
in Table 6-1.

6.1 MOTOR CONTROL CENTERS

Six (6) bounding HCLPF calculations were perfomed on MCCs in order to adequately
envelope the various configurations, elevations, etc., found at Browns Ferry without
introducing undo conservatism. HCLPF capacities were calculated based on anchorage
demand versus capacity. The evaluation determined a HCLPF anchorage capacity in
excess of 0.3g for the MCCs. In two (2) cases, the evaluations are based on the
improved anchorage (top bracing) implemented as a result of US! A-46 outlier resolution
modifications.

6.2 INSTRUMENT RACKS

Fifteen (15) bounding HCLPF capacities were calculated for instrument racks. The
HCLPF capacities were calculated based on anchorage demand versus capacity. The
evaluation determined a HCLPF anchorage capacity in excess of 0.3g for the instrument
racks.

6.3 1&C PANELS AND CABINETS

Thirty-four (34) bounding HCLPF capacities were calculated for instrumentation and
control (I&C) panels and cabinets. The HCLPF capacities were calculated based on
anchorage demand versus capacity. The evaluation determined a HCLPF anchorage
capacity in excess of 0.3g for the 1&C panels and cabinets.

6.4 MAIN CONTROL ROOM CABINETS

Twenty-one (21) bounding HCLPF capacities were calculated for Main Control Room
(MCR) cabinets. The HCLPF capacities were calculated based on anchorage demand
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versus capacity. The evaluation determined a HCLPF anchorage capacity in excess of
0.3g for the MCR cabinets.

6.5 RHR & CS PUMPS

HCLPF capacities were calculated for each of the eight (8) pumps. The HCLPF
capacities were calculated based on anchorage demand versus capacity. The
evaluation determined a HCLPF anchorage capacity in excess of 0.3g for the RHR & CS
pumps.

6.6 RHR HEAT EXCHANGERS

HCLPF capacities were calculated for each of the four (4) RHR heat exchangers. The
HCLPF capacities were calculated based on anchorage demand versus capacity. The
evaluation determined a HCLPF anchorage capacity in excess of 0.3g for RHR heat
exchangers.

6.7 REMOTE CONTROL CABINETS

HCLPF capacities were calculated for both of the remote control cabinets. The HCLPF
capacities were calculated based on anchorage demand versus capacity. The
evaluation determined a HCLPF anchorage capacity in excess of 0.3g for the remote
control cabinets.
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1. Motor Control Centers 1-BDBB-281-0001A 250V DC RMOV BOARD 1A Anillxgﬁ:ge modified.
F>0.3g
1-BDBB-281-0001B 250V DC RMOV BOARD 1B HCLPF > 03g
1.BDBB-281-0001C 250V DC RMOV BOARD 1C HCLPF > 039
1-BDBB-265-0001B 480V RB VENT BD 1B HCLPF > 0.3g

480V RMOVBD 1A Anchorage modified.
1-BDBB-268-0001A chgg> 039
1-BDBB-268-0001B 480V RMOV BD 1B HCLPF > 0.3g
2. Instrument Racks 1.LPNL-925.005A Local Panel 255A HCLPF > 0.3g
1.LPNL-925-005B Local Panel 2558 HCLPF > 0.3g
1.LPNL-925-005D Local Panel 255001 HCLPF > 0.3g
1.LPNL-925-006A Local Panel 25-6A HCLPF > 0.3g
1-LPNL-925-006B Local Panel 2568 HCLPF > 0.3g
1.LPNL-925006D Local Panel 256001 HCLPF > 0.3g
1.LPNL-925-0059 Local Panel 2559 HCLPF > 0.3
1.LPNL-925-0062 Local Panel 2562 HCLPF > 0.3g
1.LPNL-925-0001 Local Panel 25-1 HCLPF > 039
1-LPNL-925-0060 Local Panel 25-60 HCLPF > 0.3g
1.LPNL-925-247A Local Panel 1-25-247A HCLPF > 0.3
1.LPNL-9252478 Local Panel 1252478 HCLPF > 039
1-LPNL-925-0007A Local Panel 1-25-7A HCLPF > 0.3g
1.LPNL-925-0007B Local Panel 12578 HCLPF > 0.3
1.LPNL-925.0223 Local Panel 125223 HCLPF > 039
3. 1&C Panels 1L PNL-925-044A/11 OO 0N BD LOGIC RELAY HCLPF > 0.3
1LPNL:025-044A/12 OO hion B LOGIC RELAY HCLPF > 0.3g
1.LPNL-925-044B/11 mg‘;’;ﬁ%ﬂe’c RELAY HCLPF > 0.3g
1.LPNL-025-044B/12 O g B0 £ OIC RELAY HCLPF > 0.3
1-PNLA-009-0015 RPS CHA (DIV ) HCLPF > 039
1-PNLA009-0016 RPS CHA, B, G, D HCLPF > 0.3g
1-PNLA-009-0017 RPS CHB (DV 1) HCLPF > 039
1-PNLA-009-0018 FW & RECIRC PNL HCLPF > 0.3g
1-PNLA-009-0019 PROCESS INSTR PNL HCLPF > 03g
1.PNLA-009-0028 CRD SELECT RELAY AUX PNL HCLPF > 0.3g
1-PNLA-009-0030 AUTO BLOWNDOWN AUX PNL HCLPF > 03¢
1-PNLA-009-0032 RHR, CS, & HPCI (CH A) PNL HOLPF > 0.3g
1.PNLA-009-0033 RHR, CS, & HPCI (CH B) PNL HCLPF > 0.3g
1-PNLA-009-0039 HPCI RELAY AUX PNL HCLPF > 0.3g
1-PNLA-009-0042 MSIV (INBOARD) DIV Il PNL HOLPF > 0.3g
1.PNLA-009-0043 MSIV (OUTBOARD) DIV Il PNL HCLPF > 03g
1-PNLA-009-0081 DIV I ECCS ATU CABINET HCLPF > 03g
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TABLE 6-1: HCLPF EVALUATION RESULTS, CONTINUED

3. 1&C Panels, Continued | 1-PNLA-009-0082 DIV Il ECCS ATU CABINET HCLPF > 0.3g
1-PNLA-009-0083 RPS ATU CAB HCLPF > 0.3g
1-PNLA-009-0084 RPS ATU CAB HCLPF > 0.3g
1-PNLA-009-0085 RPS ATU CAB HCLPF > 0.39
1-PNLA-009-0086 RPS ATU CAB HCLPF > 0.3g
DIV 1 TORUS TEMP

1-PNLA-009-0087 MONITORING HCLPF > 0.3g
DIV Il TORUS TEMP

1-PNLA-009-0088 MONITORING HCLPF > 0.3g

. NEW PNL (INSTALLED BY DCN

1-PNLA-009-0093 W19433) HCLPF > 0.3g

1-PNLA-009-0036A PANEL 1-6-36A HCLPF > 0.39
RPS CIRCUIT PROTECTOR

1-PROT-099-0001A1 CABINET 1A1 HCLPF > 0.3g
RPS CIRCUIT PROTECTOR

1-PROT-099-0001A2 CABINET 1A2 HCLPF > 0.3g
RPS CIRCUIT PROTECTOR

1-PROT-099-0001B1 CABINET 1B1 HCLPF > 0.3g
RPS CIRCUIT PROTECTOR

1-PROT-099-0001B2 CABINET 1B2 HCLPF > 0.3g
RPS CIRCUIT PROTECTOR

1-PROT-099-0001C1 CABINET 1C1 HCLPF > 0.3g
RPS CIRCUIT PROTECTOR

1-PROT-099-0001C2 CABINET 1C2 HCLPF > 0.3g

0-LPNL-925-0045A PANEL 2545A ‘HCLPF > 0.3g

0-LPNL-925-0045B PANEL 25-458 HCLPF > 0.3g

4. MCR Cabinets 1-PNLA-009-0023/1 E;[:Zg;:{ICAL CONTROL PANEL HCLPF > 0.3g
1-PNLA-009-0023/2 %!.Eg?CAL CONTROL PANEL HCLPF > 0.3g
1-PNLA-009-0023/3 gsg%gzlcn CONTROL PANEL HCLPF > 0.3g
1-PNLA-009-0023/4 E}:&TlCAL CONTROL PANEL . HCLPF > 0.3g
1-PNLA-009-0023/5 1E-I.9!-E2(;1_'?ICAL CONTROL PANEL HCLPF > 0.3g
1-PNLA-009-0023/6 :E.LQEEJEICAL CONTROL PANEL HCLPF > 0.3g
1-PNLA-009-002377 E}gfg;iICAL CONTROL PANEL HCLPF > 0.3g
1-PNLA-009.0023/8 E_ngggchL CONTROL PANEL HCLPF > 0.3g
1-PNLA-009-0009 g&)c BUS 1A (CAB 2 OF PNL 1-9- HCLPF > 0.3g
1-PNLA-008-0009 |9ng BUS 1B (CAB 3 OF PNL 1-9- HCLPF > 0.3g

REACTOR SD & CONT. HCLPF > 0.3g
1-PNLA-009-0003A COOLING PNL
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TABLE 6-1: HCLPF EVALUATION RESULTS, CONTINUED

4. MCR Cabinets, REACTOR SD & CONT. HCLPF > 0.3
Continued 1-PNLA-009-00038 COOLING PNL )
1-PNLA-009-0004 CLEANUP & RECIRC PNL HCLPF > 0.3g

1-PNLA-009-0005 REACTOR CONTROL PNL HCLPF >0.3g

1-PNLA-009-0006 FW & COND. PNL HCLPF > 0.3g

1-PNLA-009-0021 TEMP RECORDING PNL HCLPF > 0.3g

1-PNLA-009-0054 gﬁll-\lTAlNMENTATM. DILUTION HCLPF > 0.3g

1-PNLA-009-0055 ICD:SEHAINMENT ATM. DILUTION HCLPF > 0.3g

1-PNLA-009-012 PANEL 1-9-12 HCLPF > 0.3g

1-PNLA-009-0020 PANEL 1-0-20 HCLPF > 0.3g

1-PNLA-009-0008 PANEL 1-9-8 HCLPF > 0.39

5. RHR & CS Pumps 1-PMP-75-5 CS PUMP 1A HCLPF > 0.39
1-PMP-75-33 CS PUMP 1B HCLPF > 0.3g

1-PMP-75-14 CS PUMP 1C HCLPF > 0.3g

1-PMP-7542 CS PUMP 1D HCLPF > 0.3g

1-PMP-74-5 RHR PUMP 1A HCLPF > 0.3g

1-PMP-74-28 RHR PUMP 1B HCLPF > 0.3g

1-PMP-74-16 RHR PUMP 1C HCLPF > 0.3g

1-PMP-74-39 RHR PUMP 1D HCLPF > 0.3g

6. RHRHXs 1-HEX-74-900A RHR/HEAT EXCHANGER 1A HCLPF > 0.39
1-HEX-74-9008 RHR/HEAT EXCHANGER 1B HCLPF > 0.3g

1-HEX-74-900C RHR/HEAT EXCHANGER 1C HCLPF > 0.3g

1-HEX-74-900D RHRHEAT EXCHANGER 1D HCLPF > 0.39

7. Remote Control 1-PNLA-925-0031 LOCAL PANEL 25-31 HCLPF > 0.3g
Cabinets 1-PNLA-925-0032 LOCAL PANEL 25-32 HCLPF > 0.3g
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7. RELAY EVALUATION

This section describes the relay evaluation process and results for BEN-1. Browns Ferry
is identified as a focused scope plant for the 0.3g earthquake by NRC Generic Letter 88-
20, Supplement 4. NUREG-1407 requests that focused scope plants which are also
included as an USI A-46 plant should follow the USI A-46 procedures for the relay
review of A-46 equipment. If low ruggedness relays are identified during the A-46
review, then an additional low ruggedness relay review should also be performed for
IPEEE-only equipment. The A-46 criteria for relay functionality review are contained in
GL 87-02, which endorses the review procedure established in the SQUG Generic
Implementation Procedure (GIP).

7.1 RELAY REVIEW APPROACH

The EPRI NP-7148-SL (Reference 17) methodology was used in performing the Browns
Ferry Nuclear Plant Unit 1 (BFN-1) relay evaluation (Reference 16). In general the
methodology consists of the following steps:

1. Examine the control circuits for the safe shutdown system components.

2. Screen out non-essential relays using systems and circuit evaluation
techniques. Also screen out contact devices such as large switches, which
are considered not vulnerable to seismic motion and relays considered
inherently rugged such as solid state relays.

3. Assess the seismic adequacy of the remaining, essential relays.
4. Provide a traceable documentation of the evaluation.
5. For IPEEE additional components, perform a “bad actors” review.

Certain additional special evaluation methods were utilized for BFN-1 since it is
essentially identical to BFN-2 and BFN-3 which have already been reviewed. This
commonality is documented in the BFN Final Safety Analysis Report (FSAR,
Reference 10), which applies to all three units, and based on safe shutdown equipment
identification and seismic verification walkdowns of the equipment. These special case
evaluation methods included:
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1. Maintain compatibility with BFN-2 and BFN-3 by utilizing the BFN-2 and
BFN-3 USI A-46/IPEEE review results, resolutions, calculations, Request for
Additional Information (RAI) responses and conclusions of the NRC issued
SER for that review.

2. Do not reevaluate BFN-1 equipment common to BFN-2 or BFN-3 which was
evaluated in the prior review for those units.

3. Utilize qualification data for new replacement switchgear, MCC buckets and
relays which are being purchased as seismically qualified equipment. Note
that this planned evaluation method was not used because during the
evaluation, replacement switchgear, MCC buckets and relays had not yet
been installed. Accordingly, the existing equipment was evaluated. Note
that TVA Design Criteria BFN-50-C-7105 (Reference 18) specifies that new
equipment shall be qualified by current or US| A-46 methods. As such, the
seismic margins of the new equipment will be at least as high as those of the
existing safe shutdown equipment.

For each SSEL component, the control circuit drawings which identify the contact

devices affecting the operation of that device were identified. These drawings were
reviewed and the contacts of those devices which affect component operation were
identified. EPRI NP- 7148 screening ahd evaluation methods were then applied to arrive -
at a resolution.

Often more than one screening method was used. Usually one method is simpler or
more efficient. Two of the screening methods were chosen whenever possible. Chatter
acceptable screening was used for cases in which contact chatter leads to an
acceptable system or component safe shutdown state. This screening method is useful
for contact devices where the seismic demand is high or when seismic capacity data is
not available. An additional benefit of chatter acceptable screening is that it reduces the
number of essential relays, which are those that must pass a seismic capacity versus
demand screen, and it reduces the number of panels and cabinets having essential
relays. This in tumn reduces walkdown efforts. Appendices B and C of EPRI NP-7148
provide numerous examples of chatter acceptable screening. These examples were
reviewed and approved for chatter acceptable screening guidance by the NRC staff and
a four member NRC staff relay review group.
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For safety systems such as reactor protection, ECCS and containment isolation, relay
chatter in the control logic may cause actuation of the system, just as a valid initiation
signal would. Chatter in failsafe systems such as reactor protection and containment
isolation, however, will not prevent or reverse the actuation of the system. These design
features provide the basis for the use of relay chatter acceptability for the initiation logic
of these systems. Although US| A-46 does not assume a Loss of Cooling Accident
(LOCA), initiation of the ECCS is acceptable, and may be desirable for some situations.
These fluid systems have protective features to prevent damage during unneeded
operation and operators in the control room can shut down any of the ECCS not needed.

The second screening method chosen whenever possible was the Level 1 screen. This
seismic acceptability screen was developed as a simple screen for cases in which high
capacity relays are located low in the plant. Specific criteria for this screening method
are discussed in EPRI NP-7148, Section 3.6. In general, relay contacts with a seismic
capacity of 8g or more located less than about 40 feet above grade satisfy the Level 1
seismic adequacy screen. The 8g capacity screen can be used for most panels and
cabinets when the other Level 1 criteria are met. For moderate capacity relays, a 5g
screen can be applied when the relay is in a low amplification cabinet or panel and the
other Level 1 criteria are met. Appendix | of EPRI NP-7148 provides guidance in
determining cabinet and panel amplification categories.

The Lead Relay Reviewer for BFN-1 was Mr. Jess Betlack. Mr. Betlack was the primary
developer of the relay review guidelines for both US| A-46 resolution and seismic IPEEE.
His qualifications are included in Appendix A as a member of the seismic review team.

7.2 RELAY REVIEW RESULTS

The Browns Ferry Nuclear Plant Unit 1(BFN-1) relay evaluation for Unresolved Safety
Issue (USI) A-46 and the seismic portion of the Individual Plant Examination for Extemnal
Events (IPEEE) was performed in accordance with the appropriate industry guidance
documents developed by the Seismic Qualification Utility Group (SQUG) and the Electric
Power Research Institute (EPRI), and approved by the Nuclear Regulatory Commission
(NRC). The relay evaluation also utilized results of the similar relay evaluations for
BFN-2 and BFN-3.
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In summary, the relay evaluation findings are as follows:

» Inherent ruggedness of contact devices, chatter acceptability and seismic
adequacy were sufficient to satisfactorily resolve the seismic acceptability of
contact devices affecting the USI A-46 Safe Shutdown Equipment List (SSEL)
compohents.

* No outliers were identified in the evaluation.
¢ No low ruggedness (bad actor) relays were found to be essential relays.

* No operator actions were identified in the evaluation as necessary to correct
relay-chatter-caused malfunctions.

Essential relays and the cabinets housing those essential relays were identified for the
seismic capability engineers performing the seismic verification walkdowns and
evaluations. The SRT determined in-cabinet amplification factors for use in the relay
capacity versus demand screening. The SRT also took appropriate cautions and factors
of safety into consideration when evaluating the cabinets housing the essential relays.
The cabinets were determined to be acceptable and no modifications were required.

Based on the result of the relay review, the BFN-1 relays can be assigned a HCLPF
capacity exceeding 0.30g.
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8. SEISMIC INDUCED FIRE AND FLOOD EVALUATION

IPEEE seismic-induced fire and flood issues relative to BFN-1 were addressed during
the combined USI A-46/IPEEE equipment inspections and other evaluations. The
concems have been addressed as necessary in accordance with the guidelines

_ established in NUREG-1407.

It is the conclusion of this review that the Browns Ferry plant is not at risk from fire or
flood resuiting from a seismic event at least as great as the 0.30g RLE. Combustible
sources are controlled within critical areas of the plant such that there is no threat that a
fire could eliminate the safe shutdown capability of the plant. The risk due to flooding is
mitigated by systems separation, backup systems, and maintaining the seismic
Category | (L) pressure retention criteria for non-Class | piping and fluid systems in
Category | structures at BFN.

8.1 SEISMIC IVl SPRAY PROGRAM

A seismic-induced Il/i spray evaluation program was implemented as part of the BFN-1
Restart Program (Reference 19). Key engineering attributes of the seismic I/l evaluation
program consisted of the following:

e In-plant screening walkdown evaluations and identification of potential outliers;
+ Further evaluations and resolution of potential outliers;

+ Engineering design of plant modifications to resolve outliérs;

» Work order requests to address general maintenance and housekeeping items.

In-plant screening walkdown evaluations of seismic 1l/l spray hazards were performed on
an area-by-area basis. A total of 27 designated plant areas were included. The areas
encompassed all of the BFN-1 Reactor Building. Other BFN plant areas were addressed
in previous seismic lI/l spray programs for BFN-2 and BFN-3.

Screening evaluations focused on certain key attributes of the non-seismic Class |
(Class l) piping and fluid pressure boundary systems that may potentially pose as spray
hazards to surrounding seismic Class | systems and components in the event of an
earthquake. Screening tools such as seismic deflection estimates and charts for various
plant features, pipe flexibility and seismic anchor movement evaluation charts, support
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and anchorage capacity screening charts, and others, were developed for use in the in-
plant screening walkdown evaluations. Certain configurations identified during the in-
plant screening walkdowns as not meeting the screening criteria were documented in the
Potential Outlier Sheet (POS) as potential outliers and for further evaluation and
disposition. Walkdown results, including a total of 179 potential outliers identified, were
documented in the Walkdown Data Packages (WDP's) for the respective plant areas.

Potential outliers identified during the in-plant screening walkdowns were further
evaluated to the acceptance criteria of TVA Design Criteria BFN-50-C-7306 (Reference
13). Further evaluations and bounding analyses of these potential outliers consisted of
hand calculations using basic engineering mechanics techniques for simple
configurations, and rigorous piping analyses (TPIPE computer program) for more
complex piping configurations. A total of 19 outliers were found to have not met the
acceptance criteria. Plant modifications were designed and Design Change Notice
(DCN) issued to implement the changes so that all of these concerns were resolved.
Fu'rthermore, 13 maintenance and/or housekeeping items were also identified for
corrective actions. Maintenance work order requests were issued to address these
items.

Based on the results of the seismic I/l spray program, the potential for seismic-induced
spray for BFN-1 is assigned a HCLPF capacity greater than 0.30g.

8.2 SEISMIC-INDUCED FLOOD HCLPF CAPACITY EVALUATION

The general approach used to eliminate any unacceptable seismic induced I/l spray
interactions at BFN Unit 1 is by ensuring that the source has the proper seismic capacity
to resist the earthquake and not to result in any possible leakage or spray. In general,
this method eliminates the need to evaluate the interaction all together, i.e. the path of
the spray and the acceptance of the interaction.

Thus, at the conclusion of the Seismic Induced I/l Spray program, and after
implementation of the required modifications and maintenance work, BFN-1 is
adequately protected against any possible flood or spray effects affecting the safe
shutdown of the plant. The program however was implemented for the Safe Shutdown
Earthquake (SSE), as required by the FSAR. To meet the requirements of the SMA, the
conclusions of the Seismic Induced Il/| Spray program must also be made applicable to
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the RLE used for the SMA. The items which have been screened out by the walkdown,
evaluated as acceptable or modified by either a design change or a maintenance order

are judged by the SRT to have significant seismic margin such that the HCLPF capacity
is greater than the RLE of 0.3g.

During the walkdowns, the SRT determined that the controlling component which
provides a good indication of the seismic capacity of the non seismic components which
could result in a seismic induced flood interaction is the Gland Seal Storage Tank located
in the Reactor Building at Elevation 639'. Therefore, a HCLPF capacity evaluation was
performed for the Gland Seal Storage Tank. It was determined that this tank has a
HCLPF capacity greater than 0.3g. Based on this bounding evaluation, all non seismic
components which could pose a seismic induced flood hazard also have a HCLPF
capacity greater than 0.3g.

8.3 SEISMIC-INDUCED FIRE EVALUATION

A separate, focused seismic-induced-fire walkdown was performed by the SRT on an
area-by-area basis after the SSEL walkdown screening evaluations were completed.
The walkdown screening evaluation followed the guidance in NUREG-1407, searching
for flammable materials or fluids that could lose their containment during an earthquake,
and sources of spark or ignition that could be triggered by an earthquake. One potential
hazard was identified during the walkdowns. This consisted of unrestrained batteries on
the emergency lighting system battery rack in the BFN-1 cable spreading room. The
batteries lacked end restraints, side restraints, and spacers between the batteries. The
concem was that the batteries could fall from the rack and cause sparks. The situation
was corrected using the corrected by the TVA Problem Evaluation Report process. PER
No. 64143 was issued to address and correct the condition.

Page 36
FACILITY RISK CONSULTANTS, INC.



TVA/BFN-01-R-005
Revision 0
October 7, 2004

9. CONTAINMENT INTEGRITY

The main objective of the containment analysis is to identify vulnerabilities that involve
early failure of containment functions. This includes consideration of containment
integrity, containment isolation, and other containment functions.

The guidance provided in NUREG-1407, Reference 2, states that “generally containment
penetrations are seismically rugged; a rigorous fragility analysis is needed only at review
levels greater than 0.30g, but a walkdown to evaluate for unusual conditions (e.g.,
spatial interactions, unique penetration configurations) is recommended.” With regard to
containment systems, the guidance provided is that “seismic failures of actuation and
control systems are more likely to cause isolation system failures and should be included
in the examination.” The major concem deals with relay chatter, which is addressed in
Section 7 of this report.

The BFN-1 containment structure is screened for further seismic review based on

- NP-6041, Reference 3. In addition to the containment structure, NUREG-1407 suggests
that certain considerations could require additional study. Hatches that employ inflated
seals is one potential area for concem. BFN hatches do not use inflated seals.

Another concem is the post-accident operation of penetration cooling systems. BFN
makes combined use of insulation and penetration cooling for hot piping penetrations.
The penetration cooling subsystem is non-safety-related. The portion of the piping
inside primary containment has been designed to Class I (L) standards in order to
minimize possible damage to Class | equipment inside the drywell from pipe break and
flooding. Analysis shows that under a condition of total loss of coolant, and under the
most adverse conditions, the concrete temperature adjacent to any penetration does not
exceed 350°F. This analysis is based upon heat conduction and does not take into
account dissipation into surrounding structures or atmosphere. Penetration coolers were
added as a result of good engineering practice and design; however, as seen from the
above, they are not considered necessary to safe operation of the plant or to maintain
containment integrity.

All other containment issues relate to the seismic relay review and walkdown results.
The relay review is addressed in Section 7. The containment walkdowns consisted of
inspecting and evaluating unusual conditions or configurations in the drywell and torus.
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The following is a representative listing of unusual conditions or configurations
specifically searched for during the walkdown process:

Spatial Interactions

Unique Penetrations

Piping hard spots

Items or components bridging the seismic gap between the
containment liner and interior structure

No unusual conditions or configurations were identified. As stated previously, the main
objective of the containment analysis is to identify vulnerabilities that involve early failure
of containment functions. The SRT reviews and walkdowns performed on the
containment did not reveal any significant vulnerabilities. Therefore, the HCLPF for the
containment is greater than 0.3g, based on SRT reviews, walkdowns, and Appendix A of
NP-6041 (Reference 3).
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10. SUMMARY AND CONCLUSIONS

The BFN-1 seismic IPEEE was completed in accordance with NUREG 1407 guidelines
using the EPRI seismic margins methodology provided in EPRI NP-6041-SL.

The most important aspect of the program was the plant walkdowns. Detailed SRT
walkdowns were performed in conjunction with USI A-46 walkdowns using the
methodology, criteria, and SEWS provided in EPRI NP-6041 and the GIP.

The SRT identified issues related to anchorage design, maintenance, housekeeping,
and seismic interaction that required design change notices (DCNs) or work orders to
satisfy SRT field issues. These items will be resolved as part of the US| A-46 program.
Several components were identified for subsequent HCLPF evaluation. None of the
items had HCLPF capacities below 0.30g.

One item was observed to be a potential seismic-induced-fire hazard. A PER was
initiated to correct the situation.

Relay evaluation for BFN-1 followed the methodology recommended in the GIP and
resulted in no low ruggedness relays identified and no outliers.

The seismic IPEEE evaluation concluded that the BFN-1 HCLPF is at least as great as
the 0.30g review level earthquake defined as an earthquake having a response
spectrum that matches the median (50% Non Exceedance Probability) CR-0098 spectral
shape anchored to a peak ground acceleration of 0.30g. -
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APPENDIX A: SEISMIC REVIEW TEAM QUALIFICATIONS
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RESUME - Lead Relay Reviewer

Performed Relay Functionality Review

Tennessee Valley Authority
Browns Ferry Nuclear Plant Unit 1

Name: Jess Q. Betlack

Bachelors Degree: | B.S. Electrical Engineering, 1966

Institution: University of Kansas

Advanced Degree: | M.S. Electrical Engineering, 1967
Graduate Studies in Electrical Engineering and Computer Science

Institution: University of Kansas and University of New Mexico

Date and location of Seismic Adequacy Verification Training Courses:

USI A-46 | Course: SQUG Relay Seismic Functionality Evaluation
Date: 1988 - 1996
Location: SQUG Subject Matter Expert and Course Instructor
Seismic | Course:
IPEEEE
Date:
Location:

Earthquake engineering experience applicable to nuclear power plants and in structural
or mechanical engineering:

30 years (see attached resume)

Licensed Professional Engineer: Yes @ No O | State of Maryland
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RESUME - Seismic Capability Engineer
Member of a Seismic Review Team

Tennessee Valley Authority
Browns Ferry Nuclear Plant Unit 1

Name: John O. Dizon

Bachelors Degree: | B.S. Civil Engineering, 1973

Institution: Mapua Institute of Technology

Advanced Degree: | M.S. Structural Engineering, 1975
Engineer Degree, 1977

Institution: Stanford University

Date and location of Seismic Adequacy Verification Training Courses:

USI A-46 | Course: SQUG Walkdown Screening & Seismic Evaluation
Training Course
Date: January 13 -19, 1993
Location: San Francisco, CA (EQE)
Seismic | Course: Seismic IPE Add-on Training Course
IPEEEE
Date: October 13~ 15, 1992
Location: Chicago, IL

Earthquake engineering experience applicable to nuclear power plants and in structural
or mechanical engineering:

27 years (see attached resume)

Licensed Professional Engineer: Yes @  No O | State of Califomia
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RESUME - Seismic Capability Engineer

Member of a Seismic Review Team

‘Tennessee Valley Authority
Browns Ferry Nuclear Plant Unit 1

Name:

Stephen J. Eder

Bachelors Degree:

B.S. Civil and Environmental Engineering, 1980

Institution:

Clarkson College of Technology

Advanced Degree:

M.Eng. Structural Engineering & Structural Mechanics, 1982

Institution:

University of Califomia, Berkeley

Date and location of Seismic Adequacy Verification Training Courses:

US| A-46 | Course: SQUG Walkdown Screening & Seismic Evaluation
Training Course

Date: 1988 — 1994

Location: SQUG Subject Matter Expert and Course Instructor
Seismic | Course: Seismic IPE Ad-on training
IPEEEE

Date: 1992 — 1994

Location: Reviewer of EPRI seismic margins training course as

SQUG Subject Matter Expert

Earthquake englneenng experience applicable to nuclear power plants and in structural
or mechanical engineering:

22 years (see attached resume)

Licensed Professional Engineer: Yes M No O | States of Alabama & Califomia
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RESUME - Seismic Capability Engineer

Member of a Seismic Review Team

Tennessee Valley Authority
Browns Ferry Nuclear Plant Unit 1

Name: Farid Elsabee

Bachelors Degree: | B.S. Engineering, 1973

Institution: State University of New York at Stony Brook

Advanced Degree: | M.S. Civil Engineering (Structures), 1975

Institution: Massachusetts Institute of Technology

Date and location of Seismic Adequacy Verification Training Courses:

US! A-46 | Course: SQUG Walkdown Screening & Seismic Evaluation
Training Course
Date: August 10 — 14, 1992
Location: Millstone Nuclear Station
Seismic | Course: Seismic IPE Ad-on training
IPEEEE
Date: November 2 — 4, 1992
Location: Millstone Nuclear Station

Earthquake engineering experience applicable to nuclear power plants and in structural
or mechanical engineering:

27 years (see attached resume)

Licensed Professional Engineer: Yes O No &
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RESUME - Seismic Capability Engineer

Member of a Seismic Review Team

Tennessee Valley Authority
Browns Ferry Nuclear Plant Unit 1

Name: Robert D. Hookway

Bachelors Degree: | B.S. Mechanical Engineering, 1963

Institution: Lowell Technological Institute

Advanced Degree: | M.S. Mechanical Engineering, 1970

Institution: Northeastern University

Date and location of Seismic Adequacy Verification Training Courses:

USI A-46 | Course: SQUG Walkdown Screening & Seismic Evaluation Training
Course
Date: January 13-19, 1993
Location: San Francisco, CA (EQE)
Seismic | Course:
IPEEEE
Date:
Location:

Earthquake engineering experience applicable to nuclear power plants and in structural or
mechanical engineering:

30 years (see attached resume)

Licensed Professional Engineer: Yes @ No O | States of Massachusetts & Virginia
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RESUME - Seismic Capability Engineer

Member of a Seismic Review Team

Tennessee Valley Authority
Browns Ferry Nuclear Plant Unit 1

Name: Richard L. Tiong

Bachelors Degree: | B.S. Civil Engineering, 1978

Institution: University of London, England

Advanced Degree: | M.S. Structural Engineering and Structural Mechanics, 1981

Institution: University of California, Berkeley

Date and location of Seismic Adequacy Verification Training Courses:

USI A-46 | Course: SQUG Walkdown Screening & Seismic Evaluation
Training Course  °
Date: January 15 - 20, 1993
Location: Irvine, CA (EQE)
Seismic | Course:
IPEEEE
Date:
Location:

Earthquake engineering experience applicable to nuclear power plants and in structural
or mechanical engineering:

22 years (see attached resume)

Licensed Professional Engineer: Yes B No O [ State of California
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JESS BETLACK, P.E.
EDUCATION

University of Kansas and University of New Mexico, Graduate Studies in Electrical
Engineering and Computer Science

University of Kansas, M.S. Electrical Engineering, 1967

University of Kansas, B.S. Electrical Engineering, 1966 (With Distinction)

PROFESSIONAL HISTORY

1964 - 1968 University of Kansas
1968 - 1973 Sandia Laboratories
1973 - present MPR Associates, Inc.

(currently as a special assignment employee)
EXPERIENCE

Mr. Betlack has worked in the fields of electrical engineering and computer science since
1964. Specific activities have included the design, analysis, development and testing of
computer systems and components (both hardware and software), electrical and
electro-mechanical systems and components, and instrumentation and controls. Projects have
involved data acquisition, processing, monitoring, simulation and control computer systems,
database systems, test facility and power plant instrumentation and controls, and modeling
and simulation of power plants and power plant equipment including steam generators,
turbines, pumps, instrumentation, controls and electrical equipment. The design and analysis
activities, including troubleshooting and plant life extension evaluations, have involved
extensive in-plant experience. Projects have also included seismic functionality evaluations
of relays and other electrical equipment, and vibration monitoring and testing of such
equipment. Specific examples of Mr. Betlack's experience include:

Design, Development, and Evaluation of Computer Systems

Designed, developed, implemented and tested on-line and real-time computer systems used in
support of flight, environmental, and full-scale testing. Specific activities have included
feasibility studies, systems analysis and design, software development, preparation of
functional specifications, component and system specifications, component and system
procurement, data acquisition and reduction, acceptance and benchmark tests, and system and
component evaluations.

Participated as a committee member and writer of several Electric Power Research Institute

(EPRI) guidelines for design, development, licensing, and dedication of digital 1&C system
upgrades for the nuclear industry.
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Evaluated the design and standards compliance of several power plant instrumentation,
control, and protection digital systems.

Design and development of a networked environmental monitoring system.

Design and Development of Instrumentation and Controls (I1&C)

Designed and coordinated the development and check-out of power plant 1&C equipment
including a reactor coolant pump seal leakage flowmeter, an ultrasonic level sensing system
controller, and a nuclear plant steam generator cleaning system controller.

Specified, reviewed and provided oversight of the design, development, installation and
testing of a five-instrument two-phase flowmeter and other advanced instruments used in

international reactor safety test facilities.

Developed instrumentation and monitoring capabilities for the evaluation of equipment
problems including fan vibration and pump seal rubbing.

Technical lead for implementation of U.S. Nuclear Regulatory Commission (USNRC)
Regulatory Guide (R.G.) 1.97 design requirements at a nuclear power station.

Life Extension Evaluations

Performed life extension evaluations of electrical equipment, instrumentation and controls in
over 15 fossil and nuclear plants.

Relay/Control Seismic Functionality Evaluations

Developed relay seismic functionality evaluation procedure for application in resolving
USNRC Unresolved Safety Issue (USI A-46) and Individual Plant Examination of External
Events (IPEEE). Coordinated and evaluated seismic testing of over 150 relays in support of
the nuclear power industry resolution of USI A-46.

Performed and reviewed relay seismic functionality evaluations for several nuclear plants,
Training and Teaching

Taught over 20 industry training courses on USI A-46 relay seismic functionality evaluation
and courses on computer-based 1&C systems. Teaching assistant in logic design and
laboratory instructor for computer science and programming at the University of Kansas.
MEMBERSHIPS

Tau Beta Pi - National Engineering

Eta Kappa Nu - National Electrical Engineering

Instrument Society of America (ISA)-Senior Member

Registered Professional Engineer — Maryland
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PUBLICATIONS
Publications have consisted of many reports, software documents and internal design and
evaluation documents at MPR, Sandia Laboratories, and CRES (University of Kansas
Research Center). These have included:

Master's Thesis -- "A Preprocessor for Multi-Spectral Images."

SC-DR-21-0419 -- "Area III Automated Data Processing System."

SC-TM-69-509 -- "Operations and Maintenance Documents for Program  FIXCAM."

EPRI NP-7148 -- "Procedure for Evaluating Nuclear Power Plant Relay Seismic
Functionality." (Primary author).

EPRI TR-107980, “I&C Upgrades for Nuclear Plants -- Desk Reference 1997,”
December 1997.

EPRI TR-107339, “Evaluating Commercial Digital Equipment for High Integrity
Applications,” December 1997 (Co-writer).

EPRI TR-106436, “Guidance on Evaluation and Acceptance of Commercial Grade
Digital Equipment for Nuclear Safety Applications,” October 1996 (Co-writer).

EPRI TR-102348, “Guideline on Licensing Digital Upgrades,” December 1993
(Co-writer).

Presentations on digital 1&C, database systems, and relay seismic functionality evaluation
and testing have been made at national and international conferences including:

EPRI International 1&C Conference (December, 1997).
ANS 1994 Winter Meeting

EPRI Workshop on Licensing Issues Concerning Digital 1&C Upgrades for Nuclear
Power Plants (March, 1992).

10th International Conference on Structural Mechanics in Reactor Technology (SMIRT).

3rd Symposium on Current Issues Related to Nuclear Power Plant Structures, Equipment
and Piping.

6th Water Reactor Safety Information Meeting of the U.S. Nuclear Regulatory
Commission.

Page A-10 FACILITY RISK CONSULTANTS, INC.



TVA/BFN-01-R-005
Revision 0
October 7, 2004

JOHN O. DIZON, P.E.

PROFESSIONAL HISTORY

Facility Risk Consultants, Inc., Fremont, California & Huntsville, Alabama, President, 2002-
present ‘

ABS Consulting (formerly EQE International), Oakland, California, Director and
VP of Facility Risk, 2000-2002

EQE International, Oakland, California, Vice President, 1998-2000; Associate, 1991-1998;
Senior Engineer, 1986-1991 ‘

Engineering Decision Analysis Company, Cupertino, California, Senior Engineer,
1984-1986

General Electric Company, San Jose, California, Senior Engineer, 1984

URS/John A. Blume & Associates, San Francisco, California, Senior Engineer, 1982-1984;
Associate Engineer, 1977-1980

Structural Systems Engineering, Inc., Lafayette, California, Senior Engineer,
1980-1982

Stanford University, John A. Blume Earthquake Engineering Center, Palo Alto, California,
Teaching and Research Assistant, 1975-1977

PROFESSIONAL EXPERIENCE

Mr. Dizon has over 25 years of experience in the field of civil and structural engineering,
earthquake engineering, risk assessment and project management. He has extensive knowledge
in the areas of seismic analyses and design assessments of primary structures and piping systems,
seismic upgrade and retrofit design, seismic qualification of mechanical and electrical systems
and components, and technical development of seismic evaluation criteria and programs for
various industries, including power, oil and gas, petrochemical, and high tech process and
manufacturing facilities. Mr. Dizon has undertaken and managed a wide variety of seismic
projects, ranging from traditional structural engineering design and seismic retrofits to complex
nuclear power plant and DOE facilities’ seismic verification projects.

As President of Facility Risk Consultants, Mr. Dizon is currently managing all associated tasks
under a subcontract with Bechtel Power Corporation for all seismic-related issues associated with
Browns Ferry Unit 1 Restart Project for Tennessee Valley Authority. The seismic works include
USI A-46/IPEEE implementation programs, seismic II/I spray hazard evaluations, new cable
routing utilizing the SQUG/GIP methodology, MSIV seismic ruggedness verification, among
others. Currently, he is also actively involved in the development of seismic II/I design criteria
for distribution systems and equipment for DOE’s PDCF project, under a subcontract with the
Washington Group, Inc. In addition, Mr. Dizon is participating as a subject matter expert witness
in a litigation project for a large foreign company in the area of seismic performance of
structures, piping systems and associated equipment associated with earthquake damges in a coal-
fired power plant located in South America.

As EQE Project Manager for various seismic programs associated with the restart of Browns
Ferry Units 2 and 3, Mr. Dizon was responsible for all engineering activities associated with USI
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A-46 resolution and seismic IPEEE implementation; seismic proximity and III spray interaction
evaluations; MSIV seismic ruggedness verification; cable tray and conduit raceway and supports;
and HVAC support evaluation programs. These activities consisted of seismic criteria
development, seismic walkdown assessments and mitigation of findings, including retrofit
designs and plant upgrades. He was also responsible for the A-46 seismic evaluation program for
major equipment items at Davis-Besse, Duane Arnold and H.B. Robinson power plants. Mr.
Dizon also served as Project Manager for the HVAC seismic verification program at Salem
Nuclear Plant, MSIV seismic projects at Hope Creek and Brunswick plants, and participated in a
number of related seismic evaluation projects at Sequoyah, Watts Bar, Bellefonte, Pickering A,
Bruce A, Forsmark, Liebstadt, among others.

As Managing Director of EQE’s Hsinchu, Taiwan project office following the 1999 Chi-Chi
earthquake, he was in charge of the region’s business development and project management. Mr.
Dizon managed a number of seismic risk assessment and structural upgrade projects for the high
tech industry, including seismic consultation on a number of projects for Taiwan Semiconductor
Manufacturing Co., seismic strengthening projects for United Microelectronics, Applied
Materials, Winbond Electronics and Macronix International in Taiwan. In addition, he also
managed the seismic upgrades for the Cypress Semiconductor and Amkor facilities and seismic
design review project for IBM in the Philippines, seismic risk assessment for AMP facilities in
Japan, and seismic assessment of structural and non-structural components of several Intel fab
plants in the Northwest region in U.S., among others.

As Group Manager for EQE at the US Department of Energy Savannah River Site, Mr. Dizon
was responsible for the seismic verification program of safety-related mechanical and electrical
systems and components. His tasks included developing seismic evaluation criteria and .
. procedures for restart and long-term seismic programs; managing the seismic walkdown and
evaluation efforts; providing technical support in resolving seismic issues; and serving as an
interface with the client. Mr. Dizon was also responsible for the seismic walkdown and
evaluation of various distribution systems "at the Pantex Facilities, including developing the
walkdown screening criteria and evaluation acceptance criteria. Mr. Dizon has participated in the
seismic evaluation of the High Flux Isotope Reactor at Oak Ridge National Laboratory. This
project involved performing seismic analyses and upgrades for the primary coolant piping system
and related equipment, and the reactor and control buildings. Other DOE facilities he has
involvement with included Los Alamos, Livermore and Hanford sites. Mr. Dizon has also been
involved in a number of risk assessment programs for petrochemical plants and refineries,
including seismic walkdowns at the Imperial West Chemical plants in Pittsburg and Antioch, CA;
Tosco Refinery in Avon, CA; and Dupont Chemical plant in Antioch, CA, among others.

At EDAC, Mr. Dizon was responsible for the development and verification of a pipe support
optimization program (OPTPIPE) and was involved in a number of snubber reduction pilot
projects. Other areas of his involvement consisted of finite element analyses of the MX-missile
launch tube components and systems for thermal and pressure loads, equipment qualification of
major mechanical and electrical components, and seismic evaluation of cooling towers.

With General Electric Company, Mr. Dizon was responsible for stress analysis and code
conformation of main steam and recirculation piping systems for generic BWR plants. He was
also involved in the developmental phase of an in-house pipe support optimization program.

At URS/Blume & Associates, Mr. Dizon was responsible for the development and maintenance

of in-house computer programs for both linear and nonlinear analyses of structural and piping
systems. He was also involved in the linear and nonlinear dynamic analyses, finite element
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modeling, and generation of floor response spectra for several nuclear power plants. He helped
develop a soil-structure interaction computer program using a three-dimensional finite element
technique to evaluate the dynamic response of structures due to arbitrary plane body and surface
wave excitations. He performed a research study involving soil-structure interaction analysis
using the finite element FLUSH program to investigate the dynamic response of typical
containment structures due to underground blast excitations.

Mr. Dizon worked as a consultant to Bechtel Power Corporation with Structural Systems
Engineering, Inc. He performed structural analyses and design assessments of the primary
containment structure and the reactor/control buildings of several BWR plants for the various
types of hydrodynamic loads. He was involved in a BWR in-plant test procedures, data reduction
and correlation study to determine the dynamic response, including soil-structure interaction of
the reactor/control buildings during GE Mark II reactor hydrodynamic load actuation in the
primary containment.

At Stanford University, Mr, Dizon performed statistical analyses of earthquake accelerograms
and various response parameters, as part of his research work under Professor Haresh Shah. He
also conducted seismic risk analyses and formulated seismic design criteria for Nicaragua. In
addition, he was involved in the dynamic testing of structural models and equipment.

EDUCATION

STANFORD UNIVERSITY, Palo Alto, California; Engineer Degree, 1977
STANFORD UNIVERSITY, Palo Alto, California: M.S. Structural Engineering, 1975
MAPUA INSTITUTE OF TECHNOLOGY, Manila, Philippines: B.S. Civil Engineering, 1973

AFFILIATIONS AND AWARDS

Earthquake Engineering Research Institute, Membér
Philippine Board Examination for Civil Engineers, Fifth Place, 1973
Philippine Association of Civil Engineers, Certificate of Merit, 1974

REGISTRATION

California: Civil Engineer
Philippines: Civil Engineer

SELECTED PUBLICATIONS

With S. J. Eder, and R. D. Cutsinger. 2003. " Browns Ferry Cable Tray Evaluations.” Presented
to the SQUG/SEQUAL Annual Meeting, San Antonio, TX, December 10-12, 2003.

With S. J. Eder. 2003. " Technical Position Paper for Seismic IVT Design of Cable Tray
Raceway Systems at PDCF.” Presented to Washington Group, Inc., December 2003.

With S. J. Eder, W. H. Tong, and E. H. Wong, 1999. "Chichi, Taiwan Earthquake of September
21, 1999 (M7.6). AnEQE Briefing. OQakland, CA. October, 1999.
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With S. J. Eder. 1998. "Risk Management for Power and Industrial Facilities -- Focus on
Business Interruption”. Second Biennial Federation of Asian Pacific & African Risk
Management Organization. Manila, Philippines. October, 1998.

With F. R. Beigi. 1995. "Application of Seismic Experience Based Criteria for Safety Related
HVAC Duct System Evaluation." Fifth DOE Natural Phenomena Hazards Mitigation
Symposium, Denver, Colorado, November 13-14, 1995.

With S. J. Eder, J. F. Glova, and R. L. Koch. 1994. "Seismic Adequacy Verification of HVAC
Duct Systems and Supports for an USI A-46 Nuclear Power Plant." Fifth Symposium on Current
Issues Related to Nuclear Power Plant Structures, Equipment and Piping, Orlando, Florida,
December 14-16, 1994.

With E. J. Frevold and P. D. Osborne. 1993. "Seismic Qualification of Safety-related HVAC
Duct Systems and Supports.”" ASME Pressure Vessel and Piping Division Conference, Denver,
Colorado, July 1993.

With S. J. Eder. 1991. "Advancement in Design Standards for Raceway Supports and Its
Applicability to Piping Systems." ASME Pressure Vessel and Piping Division Conference, San
Diego, California, June 1991.

With R. D. Campbell and L. W. Tiong. 1990. "Response Predictions for Piping Systems Which
Have Experienced Strong Motion Earthquakes." ASME Pressure Vessel and Piping Conference,
Nashville, Tennessee, June 17-21, 1990.

With S. P. Harris, R. S. Hashimoto, and R. L. Stover. 1989. "Seismic, High Wind, and
Probabilistic Risk Assessments of the High Flux Isotope Reactor.” Second DOE Natural
Phenomena Hazards Mitigation Conference.

With D. Ray and A. Kabir. 1979. "A 3-D Seismic Analysis for Arbitrary Plane Body and
Surface Wave Excitations." American Society of Civil Engineers Nuclear Specialty Conference,
Boston, Massachusetts.

With D. Ray and A. Zebarjadian. 1978. "Dynamic Response of Surface and Embedded Disk
Foundations for SH, SV, P and Rayleigh Wave Excitations." Sixth Indian Symposium on
Earthquake Engineering, Roorkee, India.

"A Statistical Analysis of Earthquake Acclerograms and Response Parameters." 1977. Thesis,
Stanford University, Palo Alto, California,

With H. Shah, T. Zsutty, H. Krawinkler, and L. Padilla. 1977. "A Seismic Design Procedure for
Nicaragua." Paper presented at the Sixth World Conference on Earthquake Engineering, New
Delhi, India.

With H. Shah, T. Zsutty, H. Krawinkler, C. P. Mortgat, and A. Kiremidjian. 1976. "A Study of

Seismic Risk for Nicaragua, Part II, Summary and Commentary." John A. Blume Earthquake
Engineering Center, Report No. 12A and 12B. Stanford University, Palo Alto, California.
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STEPHEN J. EDER, P.E.

PROFESSIONAL HISTORY

Facility Risk Consultants, Fremont, California, Chief Executive Officer, 2003-present
ABS Consulting, Houston, Texas, Vice President, North Asia Pacific Region, 2001-2003

EQE International, San Francisco, California, Senior Vice President, 1985-2001 (ABS Purchased
EQE in 2000).

URS/John A. Blume & Associates, Engineers, San Francisco, California, 1982-1985
J. G. Bouwkamp, Inc., Structural Engineers, Berkeley, California, 1981-1982

PROFESSIONAL EXPERIENCE

Mr. Stephen J. Eder provides senior engineering and management consultant services, licensing
support, and expert testimony in the fields of natural hazards risk assessment, seismic analysis,
structural performance evaluation, and retrofit design. His background includes project
management, engineering, risk management, and planning for domestic and multinational
corporations, insurance and financial institutions, construction companies, utilities, and the
government. Mr, Eder is based in Madison, Alabama.

Prior to Facility Risk Consultants, Mr. Eder was stationed in Tokyo, Japan for 8 years and led all
operations for ABS Consulting Inc. (formerly EQE International, Inc.) in Japan, China, Korea and
Taiwan -- including risk consulting, structural engineering and design, probabilistic financial loss
estimation, and the development and maintenance of management systems.

Mr. Eder has performed many post-earthquake reconnaissance studies -- most notably he led
investigations of the M8.4 earthquake in Arequipa, Peru of June 2001; the M7.6 earthquake in
Chichi, Taiwan of September 1999; and he was lead investigator of the M8.1 earthquake in
Mexico of September 1985, for the US Electrical Power Research Institute (EPRI).

Prior to his assignment in Japan, Mr. Eder focused primarily in the seismic risk evaluation and
seismic retrofit design of critical equipment and systems. Mr. Eder pioneered the development of
many seismic risk evaluation procedures and criteria for the US and European nuclear power
industry, the Seismic Qualification Utilities Group (SQUG), and the US Department of Energy
(DOE). This included conducting a series of week-long seismic evaluation training courses for a
total of about 500 engineers, and serving as subject matter expert and technical liaison for
industry groups including the DOE Tiger Team.

Mr. Eder served as project manager or project consultant for the seismic risk surveys of critical
equipment and systems at about 60 nuclear power plants in the US and Europe, and many DOE
facilities. He has developed unique, cost-effective structural designs for new installations and
seismic strengthening of structures, equipment, and distribution systems including raceways,
piping, and HVAC ducting. He performed research for and supported many U.S. industry and
professional groups, to advance the state-of-the-art of seismic risk assessment techniques and
seismic design guidelines.
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EDUCATION

UNIVERSITY OF CALIFORNIA, Berkeley: M.Eng., Structural Engineering and Structural
Mechanics, 1982

CLARKSON COLLEGE OF TECHNOLOGY, Potsdam, New York: B.S., Magna Cum Laude, Civil
and Environmental Engineering, 1980

REGISTRATION

California: Civil Engineer, 1985
Alabama: Civil Engineer, 2003

PROFESSIONAL AND BUSINESS AFFILIATIONS

American Society of Civil Engineers

Earthquake Engineering Research Institute

Structural Engineers Association of Northern California
Applied Technology Council

Tau Beta Pi National Engineering Honor Society

Phi Kappa Phi National Honor Society

American and British Chambers of Commerce in Japan
COMMITTEES -- PAST EXPERIENCE

Electric Power Research Institute - Post Earthquake Investigation Team - Leader
— U.S. Department of Energy — Tiger Team Member — Natural Hazards Risk Analysis

~ U.S. Department of Energy - Steering Committee on Natural Hazards — Technical Liason —
Mechanical and Eletrical Equipment Evaluation and Design

-~ Seismic Qualification Utility Group — Equipment Seismic Evaluation Training — Lead
Instructor and Subject Matter Expert

— Joint American Society of Mechanical Engineers and Institute of Electrical and Electronics
Engineers - Special Seismic Qualification Working Group - CoChairman

~ National Center for Earthquake Engineering Research — Critical Equipment Seismic Risk
Analysis — Chief Researcher

— National Fire Protection Association (NFPA) — Seismic Technical Committee Member,
NFPA-13.

— Building Seismic Safety Council - Seismic Rehabilitation Advisory Panel Member —
Mechanical Equipment. NEHRP, FEMA 273.

— American Society of Civil Engineers — Electrical Raceway and HVAC Duct Seismic Design -
Working Groups

~ Structural Engineers Association of California - Seismology Subcommittee - Non-Building
Structures and Equipment
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SELECTED PUBLICATIONS & PRESENTATIONS

“Analysis of Ilo2 Plant Components Affected by the June 23, 2001 Mw 8.4 Arequipa, Peru
Earthquake”. Prepared for Hitachi Corporation. December 2002. Presented in London, U.K.

"The Use of Modeling and Natural Risk Analysis for Power Plants". Presented at Second
International Conference on Mitigating Your Risks in Energy. February 2002. Singapore.

"Using Risk Based Inspection Techniques to Assess Maintenance of Power Plants". 2002.
Presented at Second International Conference on Mitigating Your Risks in Energy. February
2002. Singapore.

"Preparing Your Properties for Major Earthquakes". 2001. Prepared for Architecture,
Construction, and Engineering Subcomittee, American Chamber of Commerce in Japan.
December 2001. Tokyo.

"Earthquake Hazards and Earthquake Risks in Tokyo". 2001. TELS-Setagaya, Earthquake
Disaster Information and Preparedness Seminar. October 2001. Tokyo.

"Geographic Information Systems". 2000. Prepared for Non-Life Insurance Institute, ISJ
Advanced Course 2000 Program, Natural Hazards and Underwriting Capacity. November 2000.
Tokyo.

With J. O. Dizon, W. H. Tong, and E. R. Wong, 1999. "Chichi, Taiwan Earthquake of September
21, 1999 (M7.6). An EQE Briefing. Oakland, CA. October, 1999,

With G.S. Johnson, R.E. Sheppard, M.D. Quilici, and C.R. Scawthorn, 1999. “Seismic
Reliability Assessment of Critical Facilities: A Handbook, Supporting Documentation, and
Model Code Provisions.” Technical Report MCEER-99-0008. Multidisciplinary Center for
Earthquake Engineering Research, Buffalo, NY.

"Earthquake Risk of Independent Power Producer Stations", 1999. Prepared for Lloyd's Japan
Power Seminar. June 1999. Tokyo.

With J. O. Dizon. "Risk Management for Power and Industrial Facilities -- Focus on Business
Interruption”. Second Biennial Federation of Asian Pacific & African Risk Management
Organization. Manilla, Philippines. October, 1998.

"3 Years After the Hanshin-Kobe Earthquake, Earthquake Risk Management, Damage
Assessment and Mitigation". 1998. High Pressure Gase Safety Association of Japan. Vol. 35,
No. 2 (1998). Tokyo.

With G. S. Johnson, R.E. Sheppard, and S.P. Harris. 1998. “A Method to Assess and Improve the
Operational Reliability of Critical Systems Following Earthquakes.” Presented at the 6™ U.S.
National Conference on Earthquake Engineering, Seattle, WA, June 1998.

With G. S. Johnson, R.E. Sheppard, and S.P. Harris. 1998. “The Development of Model Code
Provisions to Address System Reliability Following Earthquakes.” Presented at the ATC-29-1
Seminar on Seismic Design, Retrofit, and Performance of Nonstructural Components, San
Francisco, CA, January 1998.
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With D. W. Jones, M. K. Ravindra, C. R. Scawthorn, and K. Iida. 1996. "Earthquake Risk
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NPH Discipline." Prepared for the U.S. Department of Energy.
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With L. J. Bragagnolo and J. P. Conoscente. 1990. "A Proposed Methodology for the Seismic
. Design of Rectangular Duct Systems." Applied Technology Center (ATC) Seminar on Seismic
Design and Performance of Equipment and Nonstructural Elements in Building and Industrial
Structures, Irvine, California. ATC-29.

Page A-19 FACILITY RISK CONSULTANTS, INC.



TVA/BFN-01-R-005
Revision 0
October 7, 2004

With J. J. Johnson and N. P. Smith. 1990. "Developments of the Seismic Qualification Utility
Group." Applied Technology Center (ATC) Seminar on Seismic Design and Performance of
Equipment and Nonstructural Elements in Building and Industrial Structures, Irvine, California.
ATC-29.

With W. Djordjevic, J. Eidinger, and F, Hettinger. 1990. "American Society of Civil Engineers
Activities on Seismic Design of Electrical Raceways." Current Issues Related of Nuclear Power
Plant Structures, Equipment, and Piping. Proceedings of the Third Symposium, Orlando, Florida,
December 1990.

With H. L. Williams. 1990. "Qualification of Cable Tray Supports by Earthquake Experience
Data: Application at H. B. Robinson Plant" Current Issues Related of Nuclear Power Plant
Structures, Equipment, and Piping. Proceedings of the Third Symposium, Orlando, Florida,
December 1990.

With R. P. Kennedy, J. D. Stevenson, J. J. Johnson, W. R. Schmidt, and K. Collins. June 1990.
"Watts Bar Civil Program Review." Prepared for Tennessee Valley Authority.

With J. P. Conoscente, B. N. Sumodobila, and S. P, Harris. 1989. "Seismic Fatigue Evaluation
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Experience Data Basc." Nuclear Engineering and Design (North-Holland, Amsterdam) 107:
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With S. P. Harris, P. D. Smith, and J. E. Hoekendijk. October 1988. "Performance of
Condensers and Main Steam Piping in Past Earthquakes." Report prepared for General Electric
Nuclear Energy Boiling Water Reactor Owners Group. San Francisco: EQE Engineering.

With J. J. Johnson, G. S. Hardy, N. G. Horstman, G. Rigamonti, M. R. Reyne, and D. R.
Ketcham.  August 1988. "Technical Basis, Procedures and Guidelines for Seismic
Characterization of Savannah River Plant Reactors." E. I. Dupont De Nemours & Co, Aiken,
South Carolina.

With S. P. Harris, P. S. Hashimoto, J. O. Dizon, B. Sumodobila, G. M. Zaharoff, and L. J.
Bragagnolo. March 1988. "Seismic Evaluation of the High Flux Isotope Reactor Primary
Containment System." Report prepared for Martin Marietta Energy Systems, Inc. San Francisco:
EQE Engineering.

With S. W. Swan, "Summary of the Effects of the 1985 Mexico Earthquake to Power and
Industrial Facilities." Proceedings of the American Society of Civil Engineers International
Conference on the 1985 Mexico Earthquake, Factors Involved and Lessons Learned, Mexico
City, Mexico, September 1986.

With A. F. Kabir and S. Bolourchi, "Seismic Response of Pipes Supported on Complex Framing

Systems.” Proceedings of the American Society of Civil Engineers Structures Congress, New
Orleans, Louisiana, September 1986.
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With S. W. Swan, "The Mexico Earthquake of September 19, 1985; Performance of Power and
Industrial Facilities," Proceedings of the Third U. S. National Conference on Earthquake
Engineering, Charleston, South Carolina, August 1986.

"Performance of Industrial Facilities in the Mexican Earthquake of September 19, 1985," Electric
Power Research Institute Report No. NP-4605, Project 1707-30 Final Report, Palo Alto,
California, June 1986, also presented at the IEEE Power Engineering Society Summer Meeting,
Mexico City, Mexico, July 1986.

"Earthquake Response Analysis of a Braced Offshore Platform,” University of California,
Berkeley (June 1982), also American Petroleum Institute, October 1982, San Francisco,
California.
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FARID ELSABEE
SUMMARY Engineering: Analysis, Design, Inspection / Audit, and Management

Over twenty five years of extensive experience in the nuclear power industry undertaking and
managing retrofit and analysis projects. Experience includes linear and non-linear analysis of
static and dynamic structural and mechanical systems where compliance with codes, standards,
and specifications is required. The methods used include detailed finite element analyses.
Expertise was acquired at both Architect / Engineer and consulting firms using and developing
state-of-the-art analysis techniques for nuclear power plants. Experience includes plant
walkdowns at DOE facilities (Rocky Flats and Hanford) and numerous nuclear power plants
(including SEP and USI A-46 related walkdowns) for review of seismic adequacy of various
types of equipment. Attended EPRI sponsored training programs and certification for:

¢ CHEC Family of Codes, for Erosion Corrosion

e Walkdown Screening and Seismic Evaluation for USI A-46 (as a Seismic Capability
Engineer)

o Add-on Seismic IPE, Seismic PRA and SMA for Seismic IPE Reviews
EDUCATION

MS Civil Engineering (Structures), Massachusetts Institute of Technology, 1975
BS Engineering, SUNY at Stony Brook, 1973

EXPERIENCE
APPLIED ENGINEERING ASSOCIATES (1990 - present)

Principal with responsibilities in client development, applied mechanics projects, technical
reviews and development and verification of CAE/CAD/FEM and data base management
applications. Consulting projects consisted of’

Providing Analysis and Field Support at TVA Browns Ferry Unit 1 (Through Facility Risk
Consultants and Beéchtel Corporation) for the following projects:

e Seismic evaluation and field walkdowns of plant Equipment in support of the resolution of
USI A-46 requirements as a Seismic Capability Engineer. The work included plant
mechanical and electrical equipment required for safe shutdown, including all plant cable tray
and conduit systems. Evaluation of seismic II over I interactions, of piping and other support
systems, was also performed to insure adequate non seismic supports in the vicinity of the
safety related equipment. All work was performed per the requirements of the SQUG GIP.
Recommendations for resolution of outliers were also prepared.

e Development of a generic design for the installation of new cable tray and conduit systems
following the guidelines used in the USI A-46 evaluations. The designs were prepared and
presented in a procedure format which is extremely easy to follow and implement by field
electricians and engineers.

Page A-22 FAcCILITY RISK CONSULTANTS, INC.



TVA/BFN-01-R-005
Revision 0
October 7, 2004

Providing Stress analysis support at ABS Consulting for the following projects:

e Seismic analysis of the refueling machine at the Bruce Nuclear Power Plant using a finite
element model of the machine and the entire supporting structure. The dynamic analysis was
performed using a linear elastic model of the machine head and suspension assemblies as
well as the supporting frames, columns, elevators, bridge and carriage. The analysis of the
detailed model, using the SAP 2000 software, resulted in the elimination of numerous
modifications planned for implementation prior to the restart of the unit.

o A three dimensional non-linear analysis of various Main Steam pipe clamps at snubber
locations at the Pilgrim Nuclear power station. The clamp stresses were determined using
static analyses of the non-linear models, which accounted for friction, gaps and interface
loads at the pipe to clamp interface, using the ANSYS finite element program. The stress
evaluations, performed for the mechanical 1oads applied by the snubbers to the pipe, were
per the ASME Section III requirements.

Providing Project Engineering support at Altran Corporation for several projects including:

e Analysis, testing, project engineering and coordination for the evaluation and analysis of
Steam Generator internals at Indian Point Unit 2. The project was in support of the restart
effort associated with the tube leak resulting from Primary Water Stress Corrosion Cracking
at a Row 2 U-bend tube. The project consisted of FEA of tube support plates and U-bend
tubes; crack initiation and growth studies; experimental testing of U-bends; development of
degradation assessments, condition monitoring and operational assessment of the secondary
side components.

e Analysis, design and implementation of a large bore snubber reduction project for the steam
generator support structures at Indian Point Unit 2.

e Inspection of roof structures and supporting decks, including development of repair
specifications, for Con Edison’s 59™ Street fossil station,

e Assessment, evaluation and closure of condition reports and preparation of structural,
mechanical and piping calculation revisions for Indian Point Unit 2.

Supporting Millstone Unit 2 (MP2) Design Engineering staff in day to day activities for a
duration of six years, including their major recovery effort. Responsibilities included:

e Responsible engineer for seismic qualification and heavy load drop issues;

* Supporting the Configuration Management Project and Independent Corrective Action
Verification Project (ICAVP) in investigating and addressing design basis issues and
discrepancies in the areas of seismic equipment qualification, seismic structural analysis and
design, heavy load drop analyses, and fuel rack design issues. This work was in support of
the 50.54(f) effort and included interfacing with the NRC and the ICAVP contractor;

e Design Basis reconstitution of the reactor coolant loop system and the major NSSS
components.

e Investigations of noted adverse conditions (Condition Reports) for design basis reviews of
plant configurations;

¢ Review and preparation of FSAR changes and license amendments;

e Preparation of reportability and operability determinations, corrective actions and Licensee
Event Reports;
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e Preparation and review of plant modification packages for structural and equipment
modifications;

e Preparation and review of calculations, DCN’s, Technical Evaluations, Specifications and
Procedures;

e Providing support for the reconstitution of the High Energy Line Break (HELB) program.

e Review and close out of administrative department items such as Assignment Requests,
Engineering Work Requests, Project Files, etc; and

e Providing vendor interface.

USI A-46 and IPEEE related consulting services at Northeast Utilities for three plants (CY,
MP1 and MP2). Work included development of a detailed project description, outline and
plan, a program manual/instruction for the implementation phase, and a specification for
new and replacement parts/components based on the EPRY STERI process to be used for
plant end of life,

The project also included specific support for MP2 associated with plant walkdowns per the
GIP (for USI A-46) and EPRI NPG041 (for IPEEE); interface with and managing other
consulting companies; coordination of efforts between the appropriate Engineering and plant
operations departments within the utility; preparing modification packages to correct
identified outliers; providing response to NRC requests for additional information and
justification of methods used (MP2’s response on GIP Method A issues was identified by
NRC as a good model to be used in other utilities’ responses); providing interface with the
NRC and SQUG steering group on generic responses to NRC questions; and preparing and
updating final reports. '

Responsible for the structural aspects of an Appendix R fire protection modification which
improved on the existing oil collection system to the RCP motors of a PWR unit.

Seismic equipment qualification consulting services related to the MOV Generic Letter 89-10
(CY, MP1, MP2, MP3), USI A-46 & IPEEE (MP2) and numerous plant design changes (CY,
MP1, MP2); including test plan development, seismic qualification (in accordance with IEEE
344-1975) and development of replacement part requirements for a complete hydraulic power
unit and it’s controls by shake table testing (CY). The GL 89-10 work included review and
update of MOV seismic qualification (weak link) reports, for Northeast Utilities and New York
Power Authority, covering six nuclear plants, to maximize the valve structural thrust capacity by
eliminating conservatisms found in existing qualification reports and previously used criteria.
Prepared, managed and implemented two associated modification packages.

Development of a Seismic Equipment Qualification Manual, for Northeast Utilities, which is
applicable to four nuclear units spanning in design basis history from the SEP plants to a recently
designed plant which is in full conformance with the SRP.

Development of a specification for the seismic evaluation of existing rod hung electrical
raceway systems to allow addition of new cables as well as for the design of new systems.

Evaluation of an Erosion / Corrosion inspection program for MP3 using EPRI’s recommended

practices. Supported the overall E/C program and the structural evaluation of the measured data
at two plants (MP1 & MP2).
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Technical audits of the design and installation of piping, cable tray and conduit supports on the
Philippines Nuclear Power Plant as part of an independent assessment of the design of the plant.

CYGNA ENERGY SERVICES (1985 - 1990)
Senior Project Manager

Technical Specialist

Division Manager

Responsibilities included development and verification of CAE/CAD/FEM applications, analysis
and design, bid preparation, client development, project management and technical review for a
number of diversified projects related to structural, equipment qualification, configuration
management, licensing reviews, and Safety System Functional Inspections. Major specific
projects included:

Specialized evaluation of non-conformance’s associated with wind, tornado and seismic events
for mechanical and electrical components using finite element analysis and simplified
calculations.

Development and implementation of an asbestos survey program which included the
identification, gathering and assimilation of the data into a computerized asbestos tracking
system.

Gathering, assimilation and compilation of data into a Data Base Management System (DBMS)
for several inspection programs which are part of a major fossil plant life extension program.

Independent review of a major drawing discrepancy resolution and update project. This effort
which is part of the utility’s configuration management program includes instrumentation,
electrical, mechanical, and piping systems.

Participated in the Safety System Functional Inspections (SSFI) of the pneumatic systems at a
nuclear power plant. Responsibilities included preparations, inspections and reviews for structural
and seismic related topics.

Seismic and tornado evaluation of two existing structures against possible collapse using realistic
structural characteristics and inelastic responses.

Supervised and coordinated projects in the area of erosion/corrosion of carbon steel piping and
microbe induced corrosion in buried lined pipes.

STONE & WEBSTER ENGINEERING CORPORATION (1973 - 1977 & 1984 - 1985)
Engineer

Project Management

Responsible for several specialized projects in the area of seismic equipment qualification and
large bore snubber elimination. Also participated in the development of the state-of-the-art
procedures for soil structure interaction analysis. A few of the more noteworthy projects include:

Responsible for the analysis, design, and plant change packages for the elimination of large bore

snubbers supporting steam generators and reactor coolant pumps on the primary coolant loop
piping of three PWR’s.
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Development of generic seismic acceptance criteria of non-safety related equipment and review
of numerous seismic equipment qualification vendor reports; including performing a seismic re-
qualification of a 125 ton crane while accounting for its flexible girder support system.

Evaluation and resolution of safety related hazards resulting from postulated internally generated
missiles.

Performed seismic analyses of various structures, including both detailed and simplified soil-
structure interaction procedures and developed structural design forces and in-structure response

spectra. :
Performed dynamic analyses of a BWR Mark II containment structure for hydro-dynamic loads.

URS/JOHN A BLUME AND ASSOCIATES (1979 - 1984)
Equipment Qualification
Project Manager

Developed specialized expertise in the area of seismic equipment qualification. Experience
includes the development and implementation of full-scale seismic shaking-table testing
programs; in-situ low-level excitation modal testing programs; innovative, state of the art
techniques in seismic qualification by combined testing and analysis procedures; and field
investigations / plant walkdowns consisting of “Expert Earthquake Engineers” to evaluate the
seismic ruggedness of existing equipment.

Attended and participated in early SQUG meetings where development of seismic equipment
evaluation methods using experience gained from performance of equipment during strong
motion earthquakes was being formulated. Some of the projects undertaken include:

Development of realistic anchorage guidelines for EPRI and SQUG to be used in the SQUG-GIP
for the resolution of generic issue A-46.

Seismic evaluation of various types of mechanical and electrical equipment at nuclear power
plants using finite element and simplified analyses, in-situ testing, shake-table testing and
combined techniques. Some of the more significant equipment have included existing laterally
flexible cable trays and conduits at the SEP plants (this work was subsequently used by the
SQUG in the development of the GIP guidelines), control room panels and boards, motor control
centers, switchgears and diesel generators.

Evaluation of more than 60 items of mechanical and electrical equipment for seismic and tornado
loads at the DOE Rocky Flats Facility. Structural integrity and operability evaluations for the
seismic effects were performed using analytical techniques, in-situ modal testing, and full-scale
shaking-table testing.

Evaluation of the seismic ruggedness of existing equipment at the DOE Hanford facility and the
Nine Mile Point Unit 1 nuclear power plant as a member of a team of “Expert Earthquake
Engineers”.
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IMPELL CORPORATION (EDS Nuclear) (1977 - 1979)
Supervisor
Senior Engineer

Responsible for the technical and administrative management of specialized projects such as pipe
ruptures, finite element analysis and soil structure interaction. Analysis and development of pipe
restraint design loads due to pipe whip and jet impingement effects resulting from postulated pipe
breaks at several nuclear power plants. Analysis procedures included both simplified energy
balance techniques and detailed non-linear analysis.

Responsible for the structural design evaluation of miscellaneous structural steel frames for pipe
support and pipe rupture loads.

Performed the seismic analysis of all Category I structures at a BWR plant including soil
structure interaction and generation of design forces as well as amplified floor response spectra.

Performed static and dynamic analysis of a BWR Mark I suppression pool torus for
hydrodynamic loads.

Responsible for finite element stress analysis of various piping components such as sweepolets,
reducers, and anchoring devices.

PUBLICATIONS

"Seismic Investigation of Electrical Raceway Components,” with L. Serdar, Jr. and D. Williams,
ASME paper 84-PVP-43, PVP Conference and Exhibition, San Antonio, Texas (June 1984)

"A Seismic Evaluation Study of Mechanical and Electrical Equipment at an Existing Nuclear
Handling Facility," with L. Serdar, Jr., et al,, 7th International Conference on Structural
Mechanics In Reactor Technology, Chicago, Illinois (August 1983)

"Seismic Evaluation of Electrical Raceway Systems," with S. Anagnostis and W. Djordjevic,
ASME paper 83-PVP-18, 4th National Congress on Pressure Vessel and Piping Technology,
Portland, Oregon (June 1983)

"A Survey and Assessment of Major Mechanical Equipment Capability During Seismic Events,"
with W. Djordjevic, ASME Pressure Vessel and Piping Conference and Exhibit, Orlando, Florida
(June 1982)

"The Spring Method For Embedded Foundations," With E. Kausel, et al.,, Nuclear Engineering
and Design Journal, Volume 48 (August 1978)

"Dynamic Analysis of Embedded Structures," with E. Kausel, et al., 4th international Conference
on Structural Mechanics In Reactor Technology, San Francisco, California (August 1977)

"Dynamic Stiffness of Embedded Foundations," with E. Kausel, and J. M. Roesset, ASCE 2nd
Annual Engineering Mechanics Division Speciality Conference, North Carolina (May 1977)

"Static Stiffness Coefficients For Circular Foundations Embedded In An Elastic Medium,"
M. S. Thesis, Massachusetts Institute of Technology, Cambridge, Massachusetts (June 1975)
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ROBERT D. HOOKWAY, P.E.

PROFESSIONAL HISTORY

Hookway Engineering, Consulting Engineer, 1996-present
EQE International, Stratham, New Hampshire, Technical Manager, 1990-1996
Teledyne Engineering Services, Waltham, Massachusetts, Manager, 1967-1990

PROFESSIONAL EXPERIENCE

Mr. Hookway has over 35 years of professional engineering and project management experience.
Specific background experience includes project management for design, analysis and evaluation
of piping system and pressure vessels, supports and structures in power generation stations (fossil
and Nuclear), petrochemical facilities, and Navy nuclear installations considering -weight,
thermal, seismic and dynamic loadings.

As a member of the ASME Section III Working Group on Piping Design, ASME B31.3 Main
Piping Committee, and a past member of the ASME Section III Special Working Group on
Seismic Design Rules, he is familiar with the requirements of and is involved in the development
of these design codes for piping. Past projects include: litigation support for fossil plant piping
failure, seismic evaluation of piping, mechanical, electrical and I & C equipment at the Paks
Nuclear Plant in Hungary, seismic upgrade of piping at various U.S. Nuclear facilities, anchor
bolt study to investigate the dynamic capacities of concrete expansion bolts, seismic margins
evaluation of critical piping at the Haddam Neck Nuclear Plant, various piping design and
evaluation projects at nuclear and fossil generation stations, petrochemical and cryogenic plants.

Mr. Hookway has completed the Seismic Qualification Utility Group (SQUG), Seismic Capacity
Engineer (SCE) training required by the USNRC for A-46 evaluations. He has been involved
with A-46 and other similar projects at numerous nuclear facilities in the U.S. and Internationally.
Project management responsibilities include a variety of piping, mechanical, and civil/structural
consulting engineering projects. Tasks include project planning, technical direction, manpower
assignment, cost and schedule control, client interface, and writing of technical procedures.

Some of Mr. Hookway's specific projects include the following:

¢ Design Review support for General Electric HRSG’ projects. The scope includes a
detailed review of the design process for all Balance of Plant high energy piping systems
and pipe supports provided by the G.E selected Architect Engineer. Services also include
general consulting to GE on an as-needed basis regarding ASME code compliance and
piping design.

e Design Analysis & Evaluation for numerous LNG facility upgrade projects.

e Expert witness and engineering support for litigation of feedwater piping flow
accelerated corrosion (erosion/corrosion) failure at a midwest fossil powered electric
generation plant. Engineering support for this project included complete documentation
search and reviews, plant operations and maintenance reviews, detailed system flow
evaluations, white paper preparation for various associated issues, depositions, deposition
reviews and technical guidance for the legal staff. Discipline expertise for this project
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included pipe stress and design, failure evaluation, metallurgical, fluid mechanics, non-
destructive examination and water chemistry.

Millstone II Nuclear Power Plant 9/97-present: Design Engineering support for
resolution of piping design issues considering weight, thermal expansion, seismic and
other dynamic loadings to satisfy US Nuclear Regulatory Commission concerns relative
to configuration control of the plant. In addition, provided support for the corrective
action department performing Condition Report investigations, Root Cause analyses,
Corrective action prescription, Operability Determinations, and Licensee Evaluation
Reports (LER) preparation.

Millstone IIT Nuclear Power Plant - 11/96-8/97 50.54f Restart Oversight Group -
participated in the assessment of numerous systems (SSFI/vertical slice) in addition to the
assessment of selected engineering programs such as erosion/corrosion, stress data
packages, Seismic Design, Active Valves and Components, P&ID Upgrades, and
Component Labeling.

Connecticut Yankee Nuclear Plant - 6/96-11/97 Configuration Management Program
(CMP) responsible for all structural tasks within the CMP. Tasks included Graded
System Reviews and Topical Reports for selected Engineering Programs (e.g. Seismic
Design, Piping Design and Structural Design)

Task manager for the recently completed seismic qualification task for the Category I(L)
piping at Tennessee Valley Authority's Watts Bar Nuclear Plant. This task included the
walkthrough and bounding case evaluations for all piping interaction issues (proximity,
shakespace flexibility and II/T).

Lead engineer for the seismic upgrade of equipment at the Paks Nuclear Power Plant in
Hungary. The plant is a four unit VVER type 213 Russian design plant. The project
included walkdown screening evaluation for all equipment, seismic capacity evaluations
and preparation of modification designs.

Project manager for the expansion anchor bolt study to remove conservatism in design
criteria for nuclear power plants, including dynamic anchor bolt testing as part of the
EPRI study of Improved Guidelines and Criteria for Nuclear Piping and System
Evaluation and Design. Scope of work included test plan preparation, supervision of
anchor bolt testing, interpretation of test data, final report preparation, and EPRI
interface. ’

Project manager for anchor bolt testing in cracked concrete. The purpose of this project
was to develop capacities for epoxy anchor bolts and to assist in the development of
epoxy anchor bolts use for the power industry.

Design, analysis, and evaluation of nuclear Class 1, 2, and 3 piping systems. Plants
include Nine Mile 1, Vermont Yankee, Millstone 1, Hatch 1, Hatch 2, North Anna I,
North Anna II, Davis Besse, DC Cook, Millstone 2, Millstone 3, Pilgrim, Fitzpatrick
Hope Creek, and Monticello.

Preparation of design specifications for Class 1 piping systems.
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e Project management for various failure evaluation, plant modification, and new system
design projects.

¢ Lead engineer for the evaluation of various pressure vessels, heat exchangers and valves
for navy nuclear, commercial nuclear and process plant facilities.

¢ Direct interface with the NRC and provided technical management services. As project

manager for "The Study to Determine the Effects of Hydrodynamic L.oads on the Control

Rod Drive Piping_ System for BWR Plant Designs," he managed the technical
investigation and provided a communication link between the BWR Owner's Group

(which included 11 utilit4ies and 1 plants) and the NRC.

s Participated in design reviews for the Millstone I, Vermont Yankee, Nine Mile Point I,
LaSalle, and Comanche Peak (which was under contract to the NRC).

e A study to "Determine the Effects of Postulated Events Devices on Normal Operation of
Piping systems in Nuclear Power Plants" the NRC. The results of this work contributed
to the refinement of code criteria and NRC regulatory guides for seismic pipe whip
restraint design. Plants included in the study included Farley Unit 2, Diablo Canyon and
Zimmer. '

e A study to upgrade the design criteria for submarine sea connected piping using high

strength thin-walled piping material. This work was performed for the David Taylor
Naval Research Center,

EDUCATION

NORTHEASTERN UNIVERSITY, Boston, MA: M.S. Mechanical Engineering, 1970
LOWELL TECHNOLOGICAL INSTITUTE: B.S. Mechanical Engineering, 1963

AFFILIATIONS

Member, ASME Section III Working Group Piping Design

Member, ASME B31.3 Chemical Plant and Petroleum Piping Committee

Member, Past Vice Chair, Pressure Vessel and Piping Subcommittee of the ASME NED
Past Member ASME Section III Special Working Group Seismic Design Rules
American Society of Mechanical Engineers

REGISTRATION

Professional Engineer: Massachusetts
Professional Engineer: Virginia
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PUBLICATIONS

"Effects of Postulated Events Devices on Normal Operation of Piping Systems in Nuclear Power
Plants." 1981. NUREG/CR-2136. U.S. Nuclear Regulatory Study.

With S. J. Eder and T. R. Kipp. 1991. “Commodity Clearance Requirements.” Engineering
Specification N3C-941. Prepared for Tennessee Valley Authority.

With S. J. Eder and T. R, Kipp. 1991. “Seismic Qualification of Category I(L) Fluid System
Components and Electrical or Mechanical Equipment.” Design Criteria WB-DC-40-31.13.
Prepared for Tennessee Valley Authority.

With S. J. Eder and T. R, Kipp. 1991. “Seismic Design Specification for Category I (L) Piping,
Pipe Supports, and In-line Components.” Engineering Specification N3C-943. Prepared for
Tennessee Valley Authority,

With R.D. Campbell, T.R. Roche, P.D. Baughman, S.J. Eder 1995 “Use of Seismic Experience

Data for Seismic Verification of VVER Reactors” International Atomic Energy Agency
Coordinated Research Program.
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RICHARD L. W. TIONG, P.E.

PROFESSIONAL HISTORY

Independent Consultant, 2000 — present
EQE International (S) Pte. Ltd, Singapore, Senior Consultant, 1995 - 2000

EQE International, Irvine, California, Project Engineer to Technical Manager and Associate,
1986 - 1995

Structural Mechanics Associates, San Ramon, California, Staff Engineer, 1982 - 1985

PROFESSIONAL EXPERIENCE

Mr. Tiong has over twenty years of experience in the technical execution of projects requiring the
design, construction, and integrity evaluation of civil structures. He started his consulting
practice in California in 1982 after graduation from the Master's program at UC Berkerley,
California, where he specialized in structural engineering and structural mechanics with emphasis
on the seismic aspects. He has been involved in a wide variety of projects such as seismic risk
assessment, structural and equipment fragilities quantification, soil-structure interaction analyses
of nuclear facilities, earthquake protection of structures and critical equipment against seismic-
induced damage, risk-based inspection (RBI) of offshore platforms, among others. He has
performed numerous post-earthquake investigations in California, Japan, Taiwan and Indonesia.
Some salient aspects of his previous work experiences are summarized in the following.

Mr. Tiong was exposed to detailed finite element analysis work in the early 80’s while working
for Structural Mechanics Associates, California. He is also well-versed in performing seismic
response analyses including the effects of dynamic soil-structure interaction. He has also
participated in research projects aimed at calibrating analytical methods for estimating structural
response using actual recorded data obtained during strong motion earthquakes. These projects
involved the Lotung scale model containment structures located in Taiwan, and the Pacific Bell
telephone building at Watsonville. Mr. Tiong is conversant with Seismic Probabilistic Risk
Assessment (PRA) and Seismic Margins methodology as practiced in the US for nuclear
facilities, having direct involvement in over 10 such studies in the U.S., Japan and Korea. This
type of study focuses on realistic failure modes of structures and components, to determine
realistic factors of safety under seismic conditions.

Since joining EQE in 1986, Mr. Tiong participated in numerous seismic projects utilizing both
the conventional structural dynamics as well as experience-based methodologies. These included
the Seabrook cable tray seismic evaluation project, Browns Ferry Unit 2 cable tray and conduit
seismic verification, and Comanche Peak II/I evaluation for non-safety, non-seismic large and
small bore piping. He had contributed significantly in the early development work on the limited
analytical review guidelines for SQUG conduit and cable tray raceway supports. Mr. Tiong
completed the SQUG-sponsored walkdown screening and seismic evaluation training course as
Seismic Capability Engineer in January 1993, and was actively involved in numerous seismic
verification walkdowns of nuclear power plant equipment to support USI A-46 resolution for
many U.S. plants. .

In late 1995, Mr. Tiong transferred to EQE'’s Singapore office where his interests expanded to
areas such as infrastructure design, structural integrity/damage assessment and rehabilitation
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activities. The type of structures included commercial buildings, manufacturing facilities,
bridges, marine terminals and offshore structures. In December 1998, he was engaged by
insurance interests to perform earthquake damage assessment at a large timber processing facility
in Indonesia. He formulated and directed the field investigation program and retrofit design for a
building owned by Unocal in Indonesia. The building suffered from under-strength concrete and
required retrofit strengthening to meet ACI code. He has also performed integrity assessment of a
jetty, including load test to address short-term operability concerns. He has also performed
seismic evaluation walkdowns of mechanical and electrical equipment on an offshore platform
located in Baku, Azerbaijan.

Practicing as an independent consultant since 2000, Mr. Tiong has been actively involved in the
seismic strengthening of semiconductor manufacturing equipment and distribution systems in
several wafer fabrication plants, and seismic consultation and design review for new fab
construction in Hsin-Chu and Tainan Science-Based Parks in Taiwan. He is also involved in the
seismic risk assessment of several oil refineries for Mitsubishi in Japan, RBI projects for
BP/Amoco in Indonesia and Thailand. Currently, Mr. Tiong is actively involved in the Browns
Ferry Unit 1 restart project

EDUCATION

UNIVERSITY OF CALIFORNIA, Berkeley: M.S. Structural Engineering and Structural Mechanics,
1981

UNIVERSITY OF LONDON, England: B.Sc (Engineering) 1st Class Honors, Civil Engineering,
1978 .

REGISTRATION

California; Civil Engineer since 1984

PUBLICATIONS

A selection of technical reports and journal articles for which Mr. Tiong is a principal contributor
are lised below:

With A.P. Asfura, et. al., “Seismic Analysis of Multiple Supported Bridges,” Conference
Proceeding, Bridge into the 21st Century, Hong Kong, 2-5 October, 1995.

With R.D. Campbell and J.O. Dizon, "Response Predictions for Piping Systems Which Have
Experienced Strong Motion Earthquakes,” ASME Pressure Vessel and Piping Conference,
Nashville, Tennessee, June 17-21, 1990.

With M.K. Ravindra, "Comparison of Methods for Seismic Risk Quantification." Proceedings of
10th SMIRT Conference, Anaheim, California, August 14-18, 1989.

With O.R. Maslenikov, J.J. Johnson, and M.J. Mraz, “Seismic Analysis of the MFTF Facility."
In Proceeding of 8th SMiRT Conference, Brussels, Belgium, August 19-23, 1985S.

With O. R. Maslenikov, J.J. Johnson, M. J. Mraz, S. Bumpus, and M.A. Gerhard. "SMACS - A
System of Computer Programs for Probabilistic Seismic Analysis of Structures and Subsystems,
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Volume I User's Manual, Volume II Example Problem." SMA 12211.31.01/12211.31.02.
Prepared for Lawrence Livermore National Laboratory, 1984

With J.J. Johnson and B.J. Benda. "Stress Analysis of the Neutral Beam Pivot Point Bellows for
Tokamak Fusion Test Reactor.” In Proceeding of the 10th Symposium on Fusion Engineering,
Philadelphia, PA, 1983.
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APPENDIX B:
SUMMARY OF EQUIPMENT AND SUBSYSTEMS
FOR SEISMIC MARGIN EVALUATION
(SEISMIC REVIEW SSEL)
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10001 | 00 |1-HCU-85,1-185  [CRD/HYDRAULIC CONTROL UNIT U1 RB 565 |[R2&R6/P-S | Al 1,2
10002 | 07 |1-FCV-85-82A CRD/WEST SDV VENT VALVE U1 RB 565 |R2/S Al 1
10003 [ 07 |1-FCV-85-82 CRD/WEST SDV VENT VALVE Ui RB 565 |R2/S Al 2
10004 | 07 |1-FCV-85-37C CRD/WEST SDV DRAIN VALVE U1 RB 565 |R2/P Al 1
10005 | 07 |1-FCV-85-37D CRD/WEST SDV DRAIN VALVE U1 RB 565 |R2/P Al 2
10006 | 07 |1-FCV-85-83A CRD/EAST SDV VENT VALVE U1 RB 565 |R6/S Al 1
10007 | 07 |1-FCV-85-83 CRD/EAST SDV VENT VALVE U1 RB 565 |R6/S Al 2
10008 | 07 |1-FCV-85-37E CRD/EAST SDV DRAIN VALVE U1 RB 565 |R6/P Al 1
10009 | 07 |1-FCV-85-37F CRD/EAST SDV DRAIN VALVE U1 RB 565 |R6/P Al 2
10010 | 21 |1-TNK-85-901 CRD/WEST SCRAM INSTRUMENT VOLUME U1 RB 565 |R2/P Al 1,2
10011 | 21 ]1-TNK-85-902 CRD/EAST SCRAM INSTRUMENT VOLUME U1RB 565 |R6/P Al 1,2
10012 | 08B |1-FSV-85-37A CRD/SCRAM DUMP VALVE U1 RB 565 |RS/N Al 1
10013 | 08B |1-FSV-85-37B CRD/SCRAM DUMP VALVE U1RB 565 |RS/N Al 1
10014 | 08B |1-FSV-85-35A CRD/BACKUP SCRAM VALVE - U1 RB 565 [RS/N Al 2
10015 | 08B |1-FSV-85-35B CRD/BACKUP SCRAM VALVE U1 RB 565 [RS/N Al 2
10016 | 20 |1-HS-99-5A/S1A  [RPS/REACTOR MANUAL SCRAM CHANNEL A1 u1CB 617 |U1 MCR Al 1
10017 | 20 |1-HS-99-5A/S1B  |RPS/REACTOR MANUAL SCRAM CHANNEL B1 uiCB 617 [U1 MCR Al 1
10018 | 20 |1-HS-99-5A-St RPS/REACTOR MODE SWITCH Ui CB 617 U1 MCR Al 2
10019 | 8B |1-FSV-85-70A CRD/BACKUP PILOT SCRAM VALVE ‘A U1 RB 565 |RS/N Al

10020 | 8B |1-FSV-85-70B CRD/BACKUP PILOT SCRAM VALVE ‘B’ U1 RB 565 |RS/N Al

10023 | 8B |1-FSV-85-39A CRD/ISOLATION VALVE U1 RB 565 |[CRDRACKS | Al

10024 | 8B |1-FSV-85-39B CRD/ISOLATION VALVE U1 RB 565 |CRDRACKS | Al

10025 | 18 |1-PI-85-88 PRESSURE INDICATOR U1 RB 565 |R6/S Al

10026 | 18 |]1-PI-85-89 PRESSURE INDICATOR U1 RB 565 |R2/P Al

10027 | 18 11-PI-85-90 PRESSURE INDICATOR U1 RB 565 |R2/P Al

11001 | 08A |1-FCV-74-1 RHR/PUMP 1A SUCTION VALVE FROM SUPRESSION POOL  |U1 RB 519 [SWCORNER| Al 1
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1-FCV-74-2 RHR/PUMP 1A SUCTION VALVE FROM SHUTDOWN COOLING |U1 RB SW CORNER

1-PMP-74-5 RHR/PUMP 1A U1 RB SW CORNER

1-FCV-74-7 RHR/PUMP 1A & 1C MINIMUM FLOW VALVE U1 RB SW CORNER

1-HEX-74-900A RHRHEAT EXCHANGER 1A U1 RB SWHX
11011 | 08A |1-FCV-74-12 RHR/PUMP 1C SUCTION VALVE FROM SUPRESSION POOL  |U1 RB 519 |SW CORNER
11012 | 08A |1-FCV-74-13 RHR/PUMP 1C SUCTION VALVE FROM SHUTDOWN COOLING |U1 RB 541 |SW CORNER
11014 | 06 |[1-PMP-74-16 RHR/PUMP 1C U1 RB 519 |SW CORNER
11017 | 21 |1-HEX-74-900C RHR/HEAT EXCHANGER 1C - U1 RB 565 |SWHX
11018 | 20 |1-FI-74-50 RHR/LOOP | FLOW INDICATOR Ui CB 617 |U1 MCR Al 1
11019 | 20 |1-FI-74-56 RHR/LOOP | FLOW INDICATOR u1CB 617 |U1 MCR Al 1.
11020 | 08A [1-FCV-74-57 RHRALOOP | TORUS CONTAINMENT COOLING/SPRAY VALVE U1 RB 551 |TORUS Al 1
11021 | 08A |1-FCV-74-59 RHR/LOOP | SUPRESSION POOL COOLING VALVE U1RB 551 |TORUS Al 1
11022 | 0BA |1-FCV-74-58 RHR/LOOP 1 SUPRESSION POOL SPRAY VALVE U1 RB 551 [TORUS I 1
11023 | 08A |1-FCV-74-52 RHRALOOP 1 OUTBOARD INJECTION VALVE U1 RB 565 [R4/T Al 1
11024 | 0BA |1-FCV-74-53 RHR/LOOP | INBOARD INJECTION VALVE U1 RB 565 |R4/T Al 1
11026 | 0BA |1-FCV-78-61 FPC/SPENT FUEL POOL COOLING X-TIE TO RHR U1 RB 621 |R5/S Al 1
11027 | 08A [|1-FCV-74-60 RHR/LOOP | OUTBOARD DRYWELL SPRAY VALVE U1 RB 593 |R3/S Al 1
11028 | 0BA |1-FCV-74-61 RHR/LOOP | INBOARD DRYWELL SPRAY VALVE U1 RB 593 |R3/S I 1
11029 | 08BA |1-FCV-74-24 RHR/PUMP 1B SUCTION VALVE FROM SUPRESSIONPOOL  |U1RB 519 |SECORNER | Al 2
11030 | 08A [1-FCV-74-25 RHR/PUMP 1B SUCTION VALVE FROM SHUTDOWN COOLING |U1 RB 541 |SECORNER | Al 2
11031 | 06 |1-PMP-74-28 RHR/PUMP 1B U1 RB 519 |SECORNER | Al 2
11033 | 08A |1-FCV-74-30 RHR/PUMP 1B & 1D MINIMUM FLOW VALVE U1 RB 541 |SECORNER | Al 2
11036 | 21 |1-HEX-74-900B RHR/MHEAT EXCHANGER 1B U1 RB 565 |SEHX Al 2
11037 | 08A |1-FCV-74-35 RHR/PUMP 1D SUCTION VALVE FROM SUPRESSION POOL  [U1RB 519 |SECORNER| Al 2A
11038 | 08A [1-FCV-74-36 RHR/PUMP 1D SUCTION VALVE FROM SHUTDOWN COOLING (U1 RB 541 |SECORNER | Al 2A
11039 | 06 |1-PMP-74-39 RHR/PUMP 1D U1 RB 519 [SECORNER | Al 2A
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21

1-HEX-74-900D

RHR/HEAT EXCHANGER 1D

U1 RB

565

SEHX

11043 | 20 |[1-FI-74-64 RHR/LOOP Il FLOW INDICATOR U1 CB 617 (U1 MCR Al 2
11044 | 20 |1-FI-74-70 RHR/LOOP 11 FLOW INDICATOR uics 617 |JU1 MCR Al 2
11045 | 0BA |1-FCV-74-71 RHR/LOOP 1l TORUS CONTAINMENT COOLING/SPRAY VALVE U1 RB 551 |TORUS Al 2
11046 | 0BA |1-FCV-74-73 RHR/LOOP Il SUPRESSION POOL COOLING VALVE U1 RB 551 [TORUS Al 2
11047 | 08A |1-FCV-74-72 RHR/LOOP 1l SUPRESSION POOL SPRAY VALVE Ui RB 551 |TORUS | 2
11048 | 08A |1-FCV-74-66 RHR/LOOP II OUTBOARD INJECTION VALVE U1 RB 565 |RS/T Al 2
11049 | 08A |1-FCV-74-67 RHR/LOOP I1 INBOARD INJECTION VALVE U1 RB 565 |R5/T Al 2
11051 | 08A |1-FCV-74-74 RHRALOOP 11 OUTBOARD DRYWELL SPRAY VALVE U1 RB 565 |R5/S Al 2
11052 | 08A |1-FCV-74-75 RHR/LOOP Il INBOARD DRYWELL SPRAY VALVE U1 RB 565 |R6/S I 2
11053 | 08A |1-FCV-74-101 RHR/U2 TO U1 RHR DISCHARGE X-TIE ISO. VALVE (B,D) U1 RB 565 |R6/T Al 1
12001 | 07 |1-PCV-1-4 MS/MAIN STEAM SAFETY RELIEF VALVE Ui DwW 584 |DW Al 1
12003 | 07 [1-PCV-1-5 MS/MAIN STEAM SAFETY RELIEF VALVE Ui DW 584 [DW Al 1
12006 | 07 |1-PCV-1-18 MS/MAIN STEAM SAFETY RELIEF VALVE U1 DW 584 |DW Al 1
12009 | 07 |]1-PCV-1-19 MS/MAIN STEAM SAFETY RELIEF VALVE U1 DW 584 |DW Al 1
12012 | 07 |1-PCV-1-22 MS/MAIN STEAM SAFETY RELIEF VALVE Ui DW 584 [DW Al 1
12015 | 07 [1-PCV-1-23 MS/MAIN STEAM SAFETY RELIEF VALVE U1 DW 584 |OW Al 1
12018 | 07 |1-PCV-1-179 MS/MAIN STEAM SAFETY RELIEF VALVE Ui DW 584 |DW Al 1
12021 | 07 |1-PCV-1-30 MS/MAIN STEAM SAFETY RELIEF VALVE Ui DW 584 |DW Al 2
12024 | 07 |1-PCV-1-31 MS/MAIN STEAM SAFETY RELIEF VALVE U1 DW 584 |DW Al 2
12027 | 07 |1-PCV-1-34 MS/MAIN STEAM SAFETY RELIEF VALVE Ui DW 584 |DW Al 2
12030 | 07 |1-PCV-1-44 MS/MAIN STEAM SAFETY RELIEF VALVE U1 DW 584 [DW Al 2
12033 | 07 |1-PCV-1-42 MS/MAIN STEAM SAFETY RELIEF VALVE U1 DW 584 |DW Al 2
12036 | 07 |1-PCV-1-180 MS/MAIN STEAM SAFETY RELIEF VALVE Ui Dw 584 |DW Al 2
13001 | 07 |1-FCV-1-14 MSIV "A" INBOARD ISOLATION VALVE U1 DW 563 |DW Al 1
13002 | 07 |1-FCV-1-15 MSIV "A" OUTBOARD ISOLATION VALVE U1 RB 565 [MSIVVAULT | Al 2
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13003 | 07 |1-FCV-1-26 . MSIV *B* INBOARD ISOLATION VALVE Ui DW 563 |DW Al 1
13004 | 07 ([1-FCV-1-27 MSIV "B* OUTBOARD ISOLATION VALVE U1RB 565 [MSIVVAULT| Al 2
13005 | 07 |1-FCV-1-37 MSIV *G* INBOARD ISOLATION VALVE U1 DW 563 [DW Al 1
13006 | 07 |1-FCV-1-38 MSIV *C* OUTBOARD ISOLATION VALVE U1 RB 565 [MSIVVAULT| Al 2
13007 | 07 |1-FGV-1-51 MSIV "D INBOARD ISOLATION VALVE UIDW = | 563 |DW Al 1
13008 | 07 |1-FCV-1-52 MSIV *D* QUTBOARD ISOLATION VALVE U1 RB 565 [MSIVVAULT| Al 2
13009 | 08A |1-FCV-1-55 MAIN STEAM LINE DRAIN ISOLATION VALVE Ui DW 563 |DW Al 1
13015 | 07 |1-FCV-64-17 CONTAINMENT VENTILATION ISOLATION VALVE U1 RB 565 |R3/U | 1,2
13016 | 07 [1-FCV-64-30 CONTAINMENT VENTILATION ISOLATION VALVE U1 RB 621 |R3/Q I 1,2
13017 | 07 |1-FCV-64-33 CONTAINMENT VENTILATION ISOLATION VALVE U1 RB 565 [R2/P [ 1,2
13018 | 07 |1-FCV-64-139 CONTAINMENT DW DP ISOLATION VALVE U1 RB 565 |R2/P | 1.2
13019 | 07 |1-FCV-64-140 CONTAINMENT DW DP ISOLATION VALVE U1 RB 565 [R2/P | 1,2
13020 | 07 [1-FCV-64-28A SUPPRESSION CHAMBER/DRYWELL VACUUM BREAKERS  |U1 DW <550 [IN TORUS | 1,2
13021 | 07 |1-FCV-64-288B SUPPRESSION CHAMBER/DRYWELL VACUUM BREAKERS  |U1 DW <550 {IN TORUS ! 1.2
13022 | 07 |1-FCV-64-28C SUPPRESSION CHAMBER/DRYWELL VACUUM BREAKERS  |U1 DW <550 |IN TORUS I 1,2
13023 | 07 |1-FCV-64-28D SUPPRESSION CHAMBER/DRYWELL VACUUM BREAKERS U1 DW <550 [INTORUS I 1,2
13024 | 07 |1-FCV-64-28E SUPPRESSION CHAMBER/DRYWELL VACUUM BREAKERS  |U1 DW <550 |IN TORUS I 1,2
13025 | 07 |1-FCV-64-28F SUPPRESSION CHAMBER/DRYWELL VACUUM BREAKERS U1 DW <550 {IN TORUS [ 1,2
13026 | 07 |1-FCV-64-28G SUPPRESSION CHAMBER/DRYWELL VACUUM BREAKERS  |U1 DW <550 |IN TORUS I 1,2
13027 | 07 |1-FCV-64-28H SUPPRESSION CHAMBER/DRYWELL VACUUM BREAKERS ~ |U1 DW <550 |IN TORUS I 1,2
13028 [ 07 |1-FCV-64-28J SUPPRESSION CHAMBER/DRYWELL VACUUM BREAKERS (U1 DW <550 |IN TORUS | 1,2
13029 | 07 |1-FCV-64-28K SUPPRESSION CHAMBER/DRYWELL VACUUM BREAKERS  |U1 DW <550 [IN TORUS | 1,2
13030 | 07 |1-FCV-64-26L SUPPRESSION CHAMBER/DRYWELL VACUUM BREAKERS (U1 DW <550 |IN TORUS ! 1,2
13031 | 07 |1-FCV-64-28M SUPPRESSION CHAMBER/DRYWELL VACUUM BREAKERS  |U1 DW <550 {IN TORUS | 1,2
13032 | 08A |1-FCV-69-1 RWCU INBOARD ISOLATION VALVE Ui DW 584 [DW Al 1
13033 | 0BA |1-FCV-69-2 RWCU OUTBOARD ISOLATION VALVE U1 RB 593 |R5/S Al 2
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13035 | 08A |1-FCV-70-47 RBCCW DRYWELL RETURN VALVE U1 RB 551 |[TORUS I 1,2
13037 | 0BA |1-FCV-71-2 RCIC INBOARD ISOLATION VALVE Ui DW 584 |DW Al 1
13038 | 0BA |1-FCV-71-3 RCIC OUTBOARD ISOLATION VALVE U1 RB 565 |MSIVVAULT | Al 2
13039 | 08A |1-FCV-71-18 RCIC OUTBOARD SUCTION VALVE U1 RB 519 [NWCORNER| | 1,2
13040 | 08A |1-FCV-73-2 HPCI STEAM SUPPLY ISOLATION VALVE U1 DW 563 |DW Al 1
13041 | 08A |J1-FCV-73-3 HPCI STEAM SUPPLY ISOLATION VALVE U1 RB 551 |TORUS Al 2
13042 | 08A |1-FCV-73-81 HPCI STEAM SUPPLY ISOLATION BYPASS VALVE U1 RB 551 |TORUS Al 2
13043 | 08A |1-FCV-73-27 HPC! OUTBOARD SUCTION VALVE U1 RB 519 |HPCIROOM ] 1,2
13044 | 07 |1-FCV-75-57 PSC PUMP SUCTION ISOLATION VALVE Ui RB 519 |[NW CORNER| Al 1
13045 | 07 |1-FCV-75-58 PSC PUMP SUCTION ISOLATION VALVE U1 RB 519 [NW CORNER| Al 2
13046 | 07 |1-FCV-76-24 PRIMARY CONTAINMENT ISOLATION VALVE U1 RB 565 [R3/U | 1,2
13047 | 07 |1-FCV-77-2B DRYWELL FLOOR DRAIN SUMP DISCHARGE U1 RB 551 |TORUS I 1,2
13048 | 07 |1-FCV-77-15B DRYWELL EQUIPMENT DRAIN SUMP DISCHARGE U1 RB 551 |TORUS [ 1,2
13049 | 07 |1-FCV-84-19 CAD ISOLATION VALVE U1 RB 621 [R3/Q | 1,2
13050 | 07 |1-FCV-84-20 CAD ISOLATION VALVE U1 RB 621 |R3/Q I 1,2
13051 | 20 |1-LI-3-58AA RPV LEVEL INSTRUMENTATION U1 RB 617 |U1 MCR Al 1
13052 | 20 |1-LI-3-58BB RPV LEVEL INSTRUMENTATION U1 RB 617 |U1 MCR Al 2
13053 | 20 |1-PI-3-74A RPV PRESSURE INSTRUMENT U1 CB 617 |U1MCR Al 1
13054 | 20 |1-P1-3-74B RPV PRESSURE INSTRUMENT uics 617 |U1 MCR Al 2
13055 | 20 |1-XR-64-159 TORUS LEVEL AND DRYWELL PRESSURE INSTRUMENT uics 617 |U1 MCR Al 1
13056 | 20 |1-LI-64-159A TORUS LEVEL INSTRUMENT Ui CB 617 U1 MCR Al 2
13057 | 20 |1-TI-64-161 TORUS TEMPERATURE INSTRUMENT Ui CB 617 |U1 MCR Al 1
13058 | 20 |1-TI-64-162 TORUS TEMPERATURE INSTRUMENT uicB 617 |U1 MCR Al 2
13059 | 20 |[1-Pl-64-67 DRYWELL PRESSURE INSTRUMENT U1 CB 617 JUIMCR I 1
13060 | 20 |1-PI-64-160A DRYWELL PRESSURE INSTRUMENT Ui CB 617 [U1 MCR | 2
13061 | 20 |1-TI-64-52A DRYWELL TEMPERATURE INSTRUMENT U1 CB 617 U1 MCR | 1
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...................

ROO

DRYWELL TEMPERATURE AND PRESSURE INSTRUMENT

U1 MCR

1-XR-64-50 I
1-FCV-76-17 CONTAINMENT INERTING N2 MAKEUP U1 RB 565 |RS/T I 1,2
1-FCV-64-222 HARDENED WETWELL VENT U1 RB 565 |R3T I 1,2
13069 | 08A |1-FCV-71-40 PRIMARY CONTAINMENT ISOLATION VALVE U1 RB 565 |R4/P Al
13074 | 08BA |1-FCV-71-17 RCIC INBOARD SUCTION VALVE U1 RB 519 [NWCORNER| | 1,2
13075 | 0BA |1-FCV-1-56 MAIN STEAM LINE DRAIN ISOLATION VALVE U1 RB 565 |MSIVVAULT | Al
13076 | 0BA |1-FCV-73-26 HPCI INBOARD SUCTION VALVE U1 RB 519 |SWCORNER| | 1,2
13079 | 07 |1-FCV-32-62 DRYWELL CONTROL AIR SUCTION VALVE U1 RB 565 |CLEANRM I 1,2
13080 | 07 |1-FCV-77-2A DRYWELL FLOOR DRAIN SUMP DISCHARGE U1 RB 551 |TORUS I 1,2
13081 | 07 |1-FCV-77-15A DRYWELL EQUIPMENT DRAIN SUMP DISCHARGE U1 RB 551 |TORUS I 1,2
13082 | 07 |1-FCV-64-18 COOLING/PURGE AIR TO DRYWELL Ui RB 565 |R5/T I 1,2
13083 | 07 |1-FCV-64-19 COOLING/PURGE AIR TO SUPPRESSION CHAMBER U1 RB 565 |R3/T I 1,2
13084 | 07 |1-FCV-76-18 CONTAINMENT INERTING DRYWELL N2 MAKEUP VALVE U1 RB 565 |R5/T I 1,2
13085 | 07 |1-FCV-76-19 CONTAINMENT INERTING - PSC N2 MAKEUP VALVE U1 RB 565 |R3/T I} 12
13101 18 |1-LT-64-159A TORUS LEVEL TRANSMITTER U1RB 519 |TORUS
13102 | 18 |1-LT-64-159B TORUS LEVEL TRANSMITTER U1 RB 519 [TORUS
13111 19 |1-TE-64-161A TORUS TEMPERATURE ELEMENT U1 RB 519 |TORUS
13112 | 19 |1-TE-64-161B TORUS TEMPERATURE ELEMENT U1 RB 519 |TORUS
13113 | 19 |1-TE-64-161C TORUS TEMPERATURE ELEMENT U1 RB 519 |TORUS
13114 | 19 |1-TE-64-161D TORUS TEMPERATURE ELEMENT U1 RB 519 |TORUS
13115 | 19 |1-TE-64-161E TORUS TEMPERATURE ELEMENT U1 RB 519 |TORUS
13116 | 19 |1-TE-64-161F TORUS TEMPERATURE ELEMENT U1 RB 519 |TORUS
13117 | 19 |1-TE-64-161G TORUS TEMPERATURE ELEMENT U1 RB 519 |TORUS
13118 | 19 |1-TE-64-161H TORUS TEMPERATURE ELEMENT U1 RB 519 |TORUS
13211 19 |1-TE-64-162A TORUS TEMPERATURE ELEMENT U1 RB 519 |TORUS
13212 | 19 [|1-TE-64-162B TORUS TEMPERATURE ELEMENT U1 RB 519 |TORUS

Page B-7

FACILITY RISK CONSULTANTS, INC.




TVA/BFN-01-R-005

Revision 0

October 7, 2004

13213 | 19 TORUS TEMPERATURE ELEMEN U1 RB 519 [TORUS

13214 | 19 |1-TE-64-162D TORUS TEMPERATURE ELEMENT U1 RB 519 [TORUS

13215 | 19 |1-TE-64-162E TORUS TEMPERATURE ELEMENT U1 RB 519 |TORUS

13216 | 19 |1-TE-64-162F TORUS TEMPERATURE ELEMENT U1 RB 519 |TORUS

13217 | 19 |1-TE-64-162G TORUS TEMPERATURE ELEMENT U1 RB 519 |TORUS

13218 | 19 |1-TE-64-162H TORUS TEMPERATURE ELEMENT U1 RB 519 |TORUS

14001 | 10 [1-CLR-67-917 EECW/RHR PUMP 1A ROOM COOLER U1 RB 519 |SWCORNER| Al 1
14002 | 10 |1-CLR-67-919 EECW/CS PUMP 1A ROOM COOLER U1 RB 519 |NWCORNER| Al 1
14003 | 10 |1-CLR-67-921 EECW/RHR PUMP 1C ROOM COOLER U1 RB 519 |[SWCORNER| Al 1
14004 | 21 |1-HEX-67-915 EECW/RHR SEAL HX 1A U1RB 519 [SWCORNER| Al 1
14013 | 10 |1-CLR-67-918 EECW/RHR PUMP 1B ROOM COOLER U1 RB 519 |SECORNER| Al 2
14014 | 10 |1-CLR-67-920 EECW/CS PUMP 1B ROOM COOLER U1 RB 519 |NECORNER| Al 2
14015 | 10 |1-CLR-67-922 EECW/RHR PUMP 1D ROOM COOLER U1 RB 519 |[SECORNER | Al 2
14016 | 21 |1-HEX-67-923 EECW/RHR SEAL HX 1B U1 RB 519 |SECORNER | Al 2
14025 | 21 |1-HEX-67-916 EECW/RHR SEAL HX 1C U1 RB 519 |SWCORNER| Al 1
14026 | 21 |[1-HEX-67-924 EECW/RHR SEAL HX 1D U1 RB 519 |SECORNER | Al 2
14046 | 07 |1-FCV-67-50 EECW NORTH HEADER BACKUP TO RBCCW U1 RB 593 |R3/P Al 1
14049 | 07 |0-FCV-67-53 EECW NORTH HEADER BACKUP TO THE AIR COMPRESSORS U1 RB 565 [R3N Al 1
14089 | 07 |1-FCV-67-51 EECW SYSTEM SOUTH HEADER BACKUP TO RBCCW U1 RB 565 |R3T Al 2
15001 | 0BA |1-FCV-75-2 CS/PUMP 1A SUCTION ISOLATION VALVE U1 RB 519 |NWCORNER| Al 1
15002 | 06 |1-PMP-75-5 CS/PUMP 1A U1 RB 519 {NWCORNER| Al 1
15005 | 08A |1-FCV-75-9 CS/PUMPS 1A & 1C MINI-FLOW VALVE U1 RB 541 INW CORNER| Al 1
15006 | O08A |1-FCV-75-11 CS/PUMP 1C SUCTION ISOLATION VALVE U1 RB 519 |NWCORNER| Al 1
15007 | 06 [1-PMP-75-14 CS/PUMP 1C U1 RB 519 [NWCORNER| Al 1
15010 | 0BA }1-FCV-75-22 CS/PUMPS 1A & 1C TEST ISOLATION VALVE U1 RB 541 INWCORNER| Al 1
15011 | 20 |1-Fl-75-21 CS/PUMPS 1A & 1C FLOW INDICATOR U1 CB 617 |[MCR Al 1
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DESCRIPTIO

CS/DIV | OUTBOARD INJECTION VALVE

U1 RB 593 |R4/P Al 1
1-FCV-75-25 CS/DIV 1 INBOARD INJECTION VALVE U1 RB 593 |R4/P Al 1
1-FCV-75-30 CS/PUMP 1B SUCTION ISOLATION VALVE U1 RB 519 INECORNER | Al 2
1-PMP-75-33 CS/PUMP 1B U1 RB 519 INECORNER| Al 2
1-FCV-75-37 CS/PUMPS 1B & 1D MINI-FLOW VALVE U1 RB 541 INECORNER|] Al 2
1-FCV-75-39 CS/PUMP 1D SUCTION ISOLATION VALVE U1 RB 519 [NECORNER| Al 2
1-PMP-75-42 CS/PUMP 1D U1 RB 519 INECORNER| Al 2
1-FCV-75-50 CS/PUMPS 1B & 1D TEST ISOLATION VALVE U1 RB 541 |NECOBNER| Al 2
1-Fl-75-49 CS/PUMPS 1B & 1D FLOW INDICATOR uiCB 617 |[MCR Al 2
1-FCV-75-51 CS/DIV 1l OUTBOARD DISCHARGE VALVE U1 RB 593 |R4/P Al 2
1-FCV-75-63 CS/DIV 1l INBOARD DISCHARGE VALVE U1 RB 593 |R4/P Al 2
1-FSV-84-8A -|CAD/CAD TO DW (1-FCV-64-18) SOLENOID VALVE U1 RB 565 [RS/T Al 1
1-FSV-84-8B CAD/CAD TO DW (1-FCV-64-19) SOLENOID VALVE U1 RB 565 |R3T Al 1
1-PREG-84-52 CAD/CAD SYSTEM "A" TO UNIT 1 DRYWELL CONTROLAIR  |U1 RB 565 |R4/U Al 1
1-FSV-84-48 CAD/CAD SYSTEM "A" TO UNIT 1 DRYWELL CONTROLAIR  |U1RB 565 [R3/T Al 1
1-ACC-32-6105 CA’JACCUMULATOR FOR PSV-1-19 U1 DW 584 [DW Al 1
1-PSV-1-19 MS/SOLENOID VALVE FOR PCV-1-19 Ui DW 584 [DW Al 1
1-ACC-32-6107 CA’/ACCUMULATOR FOR PSV-1-22 U1 DW 584 |OW Al 1
1-PSV-1-22 MS/SOLENOQID VALVE FOR PCV-1.22 U1 DW 584 |DW Al 1
1-ACC-32-6106 CAJACCUMULATOR FOR PSV-1-5 Ui DW 584 [DW Al 1
1-PSV-1-5 MS/SOLENOID VALVE FOR PCV-1-5 U1 DW 584 |DW Al 1
1-PSV-1-23 MS/SOLENOID VALVE FOR PCV-1-23 Ui DW 584 [DW Al 1
1-PSV-1-179 MS/SOLENOID VALVE FOR PCV-1-179 U1 DW 584 |DW Al 1
1-PSV-1-4 MS/SOLENOID VALVE FOR PCV-1-4 Ui DW 584 [DW Al 1
1-PSV-1-18 MS/SOLENOID VALVE FOR PCV-1-18 Ui DW 584 |DW Al 2
1-FSV-84-8C CAD/CAD TO DW (1-FCV-64-19) SOLENOID VALVE U1 RB 565 |R3IT Al 2
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08B |[1-FSV-84-8D CAD/CAD TO DW (1-FCV-64-18) SOLENOID VALVE U1 RB 565 |R5/T Al 2
07 |1-PREG-84-54 CAD/CAD SYSTEM "B* TOUNIT 1 DRYWELL CONTROLAIR  |U1 RB 565 |R4U Al 2
088 |[1-FSV-84-49 CAD/CAD SYSTEM "B" TO UNIT 1 DRYWELL CONTROLAIR  |U1 RB 565 |R3T Al 2
21 [1-ACC-32-6111 CAJACCUMULATOR FOR PSV-1-30 Ui DW 584 [DW Al 2
08B [1-PSV-1-30 MS/SOLENOID VALVE FOR PCV-1-30 Ui DW 584 |DW Al 2
21 |1-ACC-32-6108 CA/ACCUMULATOR FOR PSV-1-31 Ut DW 584 |DW Al 2
08B |[1-PSV-1-31 MS/SOLENOID VALVE FOR PGV-1-31 U1 DW 584 |DW Al 2
21 |1-ACC-32-6109 CAJACCUMULATOR FOR PSV-1-34 U1 DW 584 |DW Al 2
08B |[1-PSV-1-34 .|MS/SOLENOID VALVE FOR PCV-1-34 U1 DW 584 [DW Al 2
08B |1-PSV-1-41 MS/SOLENOID VALVE FOR PCV-1-41 Ui DW 584 [DW Al 2
08B [1-PSV-1-42 MS/SOLENOID VALVE FOR PCV-1-42 Ui DW 584 |DW Al 2
088 |1-PSV-1-180 MS/SOLENOID VALVE FOR PCV-1-180 Ui DW 584 |DW Al 2
07 |1-FCV-64-20 CONTAINMENT VENTILATION ISOLATION VALVE U1 RB 565 [R3/T Al
07 [1-FCV-64-21 CONTAINMENT VENTILATION ISOLATION VALVE U1 RB 565 |R3IT Al
08A |[1-FCV-23-034 RHR/RHRSW HX A OUTLET VALVE U1 RB 565 |R2/U Al 1
08A |1-FCV-23-040 RHR/RHRSW HX C OUTLET VALVE U1 RB 565 [R2/U Al 1
08A |[1-FCV-23-046 RHR/RHRSW HX B OUTLET VALVE U1RB 565 |RS/T Al 2
08A |[1-FCV-23-052 RHR/RHRSW HX D OUTLET VALVE U1 RB 565 [RS/T Al 2
20 |1-FI-23-36 RHRSW HX A FLOW INDICATOR U1 CB 617 |MCR Al 1
20 |1-FI-23-42 RHRSW HX C FLOW INDICATOR U1 CB 617 [MCR Al 1
20 |1-F1-23-48 RHRSW HX B FLOW INDICATOR U1 CB 617 [MCR Al 2
20 |1-FI-23-54 RHRSW HX D FLOW INDICATOR U1CB 617 [MCR Al 2
08A |1-FCV-23-046 RHR/RHRSW HX B OUTLET VALVE U1 RB 565 |R5/T Al 2
08A [1-FCV-23-052 RHR/RHRSW HX D OUTLET VALVE U1 RB 565 |RS5/T Al 2
08A |[1-FCV-23-57 RHR/RHRSW CROSS CONNECT VALVE U1 RB 565 |R6/S Al 2
20 |1-PNLA-009-0023/1 |ELECTRICAL CONTROL PANEL 1-9-23-1 U1 CB 617 |U1 MCR Al
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1-PNLA-009-0023/2 |ELECTRICAL CONTROL PANEL 1-9-23-2 U1 CB 617 |U1 MCR Al

1-PNLA-009-0023/3 |ELECTRICAL CONTROL PANEL 1-9-23-3 Ui CB 617 |U1 MCR Al

1-PNLA-009-0023/4 |ELECTRICAL CONTROL PANEL 1-9-23-4 U1 CB 617 |U1 MCR Al

1-PNLA-009-0023/5 |ELECTRICAL CONTROL PANEL 1-9-23-5 U1CB 617 |UIMCR Al

1-PNLA-009-0023/6 |ELECTRICAL CONTROL PANEL 1-9-23-6 U1 CB 617 |U1 MCR Al

1-PNLA-009-0023/7 |ELECTRICAL CONTROL PANEL 1-9-23-7 Ui CB 617 |U1 MCR Al

1-PNLA-009-0023/8 |ELECTRICAL CONTROL PANEL 1-9-23-8 U1 CB 617 |U1 MCR Al

1-BDBB-281-0001A |250V DC RMOV BOARD 1A U1 RB 621 |Q/R1 Al Il
1-BDBB-281-0001B |250V DC RMOV BOARD 1B U1 RB /593 |QR1 Al I
1-8DBB-281-0001C {250V DC RMOV BOARD 1C U1RB 565 |Q/R1 Al I
1-JBOX-253-6455 |I&C BUS 1A DISC SWITCH 1A1 U1 RB 621 |R/R1 Al |
1-XFA-253-0001A1 |I&C BUS 1A 480/208-120V TRANSFORMER U1 RB 621 |R/R1 Al |
1-XFA-253-0001A  |1&C BUS 1A REGULATING TRANSFORMER U1 RB 621 |R/R1 Al I
1-JBOX-253-6457  |I&C BUS 1A DISC SW 1A2 u1CB 593 |BATTBD1 Al |
1-JBOX-253-6456  |I&C BUS 1A DISC SWITCHES 1A3, 1A4, 1A5, 1A6 U1 RB 621 |R/R1 Al !
1-JBOX-253-8862  ]I&C BUS 1A DISC SWITCH U1 RB 621 |R/R1 Al I
1-PNLA-009-0009  {I&C BUS 1A (CAB 2 OF PNL 1-9-9) u1CB 617 U1 MCR Al I
1-PX-64-1608 POWER SUPPLY (PNL 1-9-19: 1-L1-64-1598,160B) Ui CB 593 [U1AIR Al !
1-PXMC-23-114 POWER SUPPLY (PNL 1-9-18: FI-23-36,42 : FI-74-50) U1 CB 593 |U1 AR Al I
1-PXMC-23-115 A&B|POWER SUPPLY (PNL 1-9-19: FI-23-48,54; FI-74-64) U1 CB 593 |U1AIR Al Il
1-XFA-253-0001B1 |I&C BUS 1B 480/208-120V TRANSFORMER U1 RB 593 |R/R1 Al [
1-XFA-253-0001B2 |I&C BUS 1B REGULATING TRANSFORMER U1 RB 593 [R/R1 Al Il
1-JBOX-253-6460  |1&C BUS 1B DISC SW 1B2 U1 CB 593 |BATTBD1 Al Il
1-JBOX-253-8865 |!&C BUS 1B DISC SWITCH U1 RB 593 |R/R1 Al Il
1-JBOX-253-6459  |I&C BUS 1B DISC SWITCHES 1B3, 184, 1B5, 1B6 U1 RB 593 [R/R1 Al Il
1-PNLA-009-0009  |I&C BUS 1B (CAB 3 OF PNL 1-9-9) Ui CB 617 |U1 MCR Al I
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19055 | 20 POWER SUPPLY (PNL 1-9-19) U1 CB 593 |U1 AR Al Il

19068 | 14 |1-JBOX-253-7160 |I&C BUS 1B DISC SWITCH 1B1 U1 RB 593 [R/R1 Al ]

19070 | 16 |1-INVT-256-0001 |DIVIECCS ATU INVERTER U1 RB 593 |Q/R1 Al |

19071 | 20 ]1-PX-71-60-1 ECCS ATU CAB 1-9-81 POWER SUPPLY U1 CB 593 |U1 AIR Al I

19072 | 20 |1-PX-71-60-1A ECCS ATU CAB 1-9-81 POWER SUPPLY U1 CB 593 |U1 AIR Al I

19073 | 20 |[1-PX-64-50 POWER SUPPLY (PNL 1-25-31: XR-64-50 [DEV BA TERM 11/12])|U1 RB 621 |Q/R2 Al |

19074 | 20 |1-PX-74-56 POWER SUPPLY (PNL 1-9-18: FI-74-56) U1 CB 593 (U1 AIR Al I

19075 | 16 |1-INVT-256-0002 |DIV Il ECCS ATU INVERTER U1 RB 621 |P/R1 Al Il

19076 | 20 |1-PX-71-60-2 ECCS ATU CAB 1-9-82 POWER SUPPLY U1 CB 593 |U1 AIR Al Il

19077 | 20 |1-PX-71-60-2A ECCS ATU CAB 1-9-82 POWER SUPPLY U1 CB 593 |U1 AIR Al ]

19078 | 20 |1-PX-74-70 POWER SUPPLY (PNL 1-9-19: FI-74-70) U1 CB 593 [U1 AIR Al I

19079 | 20 [1-PX-64-159A POWER SUPPLY (1-9-18) U1 CB 593 (U1 AR Al !
19080 | 20 |[1-PX-64-160A POWER SUPPLY (1-9-18) U1 CB 593 (U1 AIR Al I

19081 | 20 |1-PX-64-678 POWER SUPPLY (1-9-19) U1 CB 593 |U1 AIR Al Il

19082 | 20 |1-PX-64-161 POWER SUPPLY (PNL 9-87) U1 CB 593 [U1 AR Al I

19083 | 20 |1-PX-64-162 POWER SUPPLY (PNL 9-88) U1 CB 593 |U1 AR Al Il

19084 | 18 {1-PS-67-50 PRESSURE SWITCH FOR 1-FCV-67-50 (14046) U1 RB 593 |P/R3 Al

19085 | 18 |1-PS-67-51 PRESSURE SWITCH FOR 1-FCV-67-51 (14047) U1 RB 565 |T/R3 Al

19088 | 20 |1-LPNL-925-044A/11|COMMON BD LOGIC RELAY PANEL 25-44-A11 U1 RB 621 |S/R1 Al

19089 | 20 |1-LPNL-925-044A/12|COMMON BD LOGIC RELAY PANEL 25-44-A12 U1 RB 621 |S/R2 Al

19090 | 20 |1-LPNL-925-044B/11|COMMON BD LOGIC RELAY PANEL 25-44-B11 U1 RB 621 |S/R1 Al

19091 | 20 {1-LPNL-925-044B/12|COMMON BD LOGIC RELAY PANEL 25-44-B12 U1 RB 621 |S/R2 Al

19114 | 20 |1-PNLA-009-0003A |REACTOR SD & CONT. COOLING PNL Ui CB 617 |U1 MCR Al

19115 | 20 |[1-PNLA-009-0003B |REACTOR SD & CONT. COOLING PNL U1 CB 617 |U1 MCR Al

19116 | 20 |1-PNLA-009-0004 |CLEANUP & RECIRC PNL uiCcB 617 |[U1 MCR Al

19117 | 20 |1-PNLA-009-0005 |REACTOR CONTROL PNL U1 CB 617 |U1 MCR Al
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20 |[1-PNLA-009-0006 |FW & COND. PNL U1 CB 617 |U1 MCR Al
20 |[1-PNLA-009-0015 |RPSCHA(DIVI) Ui CcB 593 |U1 AR Al I
20 |1-PNLA-009-0016 [RPSCHA,B,C,D Ui CB 593 JUT AR Al
20 |1-PNLA-009-0017 |RPSCHB (DIV II) U1 CB 593 |UTAIR Al Il
20 |1-PNLA-009-0018 |FW & RECIRC PNL U1 CB 593 |U1 AR Al
20 |1-PNLA-009-0019 |PROCESS INSTR PNL U1 CB 593 |UT AR Al
20 |[1-PNLA-009-0021 |TEMP RECORDING PNL U1CB 617 JUIMCR Al
20 |1-PNLA-009-0028 [CRD SELECT RELAY AUX PNL u1CB 593 U1 AR Al
20 |1-PNLA-009-0030 [AUTO BLOWNDOWN AUX PNL U1 CB 593 |U1AIR Al
20 |1-PNLA-009-0032 |RHR, CS, & HPCI {CH A) PNL U1 RB 593 JU1 AR Al
20 |1-PNLA-009-0033 |RHR, CS, & HPCI (CH B) PNL uics 593 |U1 AR Al
20 |1-PNLA-009-0039 [HPCI RELAY AUX PNL U1 CB 593 |UT AR Al
20 |1-PNLA-009-0042 |MSIV (INBOARD) DIV Il PNL U1 CB 593 [U1AIR Al
20 |1-PNLA-009-0043 |MSIV (OUTBOARD) DIV It PNL U1 CB 593 |U1 AIR Al
20 [1-PNLA-009-0054 [CONTAINMENT ATM. DILUTION PNL U1 CB 617 (U1 MCR Al
20 |1-PNLA-009-0055 |CONTAINMENT ATM. DILUTION PNL U1 CB 617 |U1 MCR Al
20 |1-PNLA-009-0081 |DIVIECCS ATU CABINET U1 CB 593 JU1 AR Al
20 |1-PNLA-009-0082 [DIV Il ECCS ATU CABINET U1 CB 593 |U1 AR Al Il
20 |1-PNLA-009-0083 |RPS ATU CAB u1CB 593 |U1 AIR Al |
20 |1-PNLA-009-0084 |[RPS ATU CAB U1 CB 593 |U1 AR Al |
20 |1-PNLA-009-0085 |RPS ATU CAB uiCB 593 |U1AIR Al Il
20 [1-PNLA-009-0086 |RPS ATU CAB U1CB 593 |U1AIR Al I
20 [1-PNLA-009-0087 |DIV1TORUS TEMP MONITORING uicB 593 |UT AR Al I
20 |1-PNLA-009-0088 [DIV Il TORUS TEMP MONITORING U1 CB 593 |U1 AIR Al Il
20 |1-PNLA-009-0093 |NEW PNL (INSTALLED BY DCN W19433) Ui CB 593 |U1 AIR Al
18 |1-HS-74-7B LOCAL HS STATION U1 RB 541 |SWCORNER| Al I
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JUNCTION BOX (TERM BLOCK) - SEALED BOX

541

SWCORNER| Al I
19148 | 18 |1-HS-74-57B LOCAL HS STATION 551 |TORUS Al I
19149 | 14 |1-JB-654 JUNCTION BOX (TERM BLOCK) - SEALED BOX 551 |TORUS Al |
19150 | 18 |1-HS-74-59B LOCAL HS STATION 551 |TORUS Al I
19151 18 |1-HS-74-58B LOCAL HS STATION 551 [TORUS | |
19153 | 18 |1-HS-74-528 LOCAL HS STATION 565 |T/R3 Al Il
19154 | 14 |1-JB-1079 JUNCTION BOX (TERM BLOCK) - SEALED BOX 583 |T/R3 Al Il
19155 | 18 |1-HS-74-53B LOCAL HS STATION 565 |T/R3 Al I
19156 | 18 |1-HS-74-60B LOCAL HS STATION 593 |S/R3 Al |
19158 | 18 |1-HS-74-61B LOCAL HS STATION 593 [S/R3 | |
19160 | 18 |1-HS-74-30B LOCAL HS STATION 541 |SECORNER| Al Il
19162 | 18 |1-HS-74-71B LOCAL HS STATION 551 |TORUS Al Il
19163 | 14 |1-JB-665 JUNCTION BOX (TERM BLOCK) - SEALED BOX 551 |TORUS Al I
19164 | 18 |1-HS-74-72B LOCAL HS STATION 551 |TORUS I Il
19165 | 18 |1-HS-74-66B LOCAL HS STATION 583 |T/R4 Al Il
19166 | 14 |1-JB-1080 JUNCTION BOX (TERM BLOCK) - SEALED BOX 583 [T/R4 Al Il
19167 | 18 |1-HS-74-67B LOCAL HS STATION 583 [1/R4 Al I
19170 | 18 |1-HS-74-75B LOCAL HS STATION 565 |S/R6 I ]
19171 18 |1-HS-70-47B LOCAL HS STATION 551 |TORUS I Il
19172 | 14 |1-JB-1204 JUNCTION BOX (TERM BLOCK) - SEALED BOX 551 JTORUS Al Il
19173 | 18 |1-HS-75-09B LOCAL HS STATION 519 [NWCORNER| Al I
19175 | 18 |1-HS-75-258 LOCAL HS STATION 593 |P/R4 Al |
19176 | 14 |1-JBOX-1064 JUNCTION BOX (TERM BLOCK) - SEALED BOX 593 |P/R4 Al |
19177 | 18 |1-HS-75-37B LOCAL HS STATION 519 [NECORNER| Al Il
19179 | 18 |1-HS-75-53B LOCAL HS STATION (TERM BLOCK) - SEALED BOX 593 |P/R4 Al Il
19180 | 14 |1-JBOX-1067 LOCAL HS STATION (TERM BLOCK) - SEALED BOX 593 |P/R4 Al Il
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1-HS-23-34B LOCAL HS STATION (TERM BLOCK) - SEALED BOX U1 RB 565 |U/R2 Al I
1-JBOX-1077 JUNCTION BOX (TERM BLOCK) - SEALED BOX U1 RB 565 |U/R2 Al I
1-HS-23-40B LOCAL HS STATION (TERM BLOCK) - SEALED BOX U1 RB 565 |U/R2 Al I
1-HS-23-46B LOCAL HS STATION U1 RB 565 |T/R4 Al Il
1-JB-1087 JUNCTION BOX (TERM BLOCK) - SEALED BOX U1 RB 565 {T/R4 Al Il.
1-HS-23-52B LOCAL HS STATION U1 RB 565 |T/R4 Al Il
1-HS-74-0005B LOCAL HS STATION - RHR PUMP 1A U1 RB 519 |SWCORNER| Al |
1-HS-74-0028B LOCAL HS STATION - RHR PUMP 1B U1 RB 519 |SECORNER| Al Il
1-HS-74-0016B LOCAL HS STATION - RHR PUMP 1C U1 RB 519 |SWCORNER| Al I
1-HS-74-00398 LOCAL HS STATION - RHR PUMP 1D U1 RB 519 |SECORNER | Al [
1-HS-75-0005B LOCAL HS STATION - CS PUMP 1A U1 RB 519 [NWCORNER| Al I
1-HS-75-0033B LOCAL HS STATION - CS PUMP 1B U1 RB 519 |[NECORNER| Al Il
1-HS-75-0014B LOCAL HS STATION - CS PUMP 1C U1 RB 519 |NWCORNER| Al |
1-HS-75-0042B LOCAL HS STATION - CS PUMP 1D U1 RB 519 [INECORNER| Al Il
1-LPNL-925-005A  |LOCAL PANEL 25-5A U1 RB 593 |S/R3 Al
1-LPNL-925-005B  [LOCAL PANEL 25-5B U1 RB 593 |[S/R3 Al
1-LPNL-925-005D  [LOCAL PANEL 25-5-001 U1 RB 593 |S/R3 Al
1-LPNL-925-006A  |LOCAL PANEL 25-6A U1 RB 593 |P/RS Al
1-LPNL-925-006D  |LOCAL PANEL 25-6-001 U1 RB 593 |Q/R5 Al
1-LPNL-925-0059  [LOCAL PANEL 25-59 U1 RB 519 |SWCORNER] Al
1-LPNL-925-0062  |LOCAL PANEL 25-62 U1 RB 519 [SECORNER | Al
1-PNLA-925-0031  |LOCAL PANEL 25-31 U1 RB 621 |Q/R2 Al
1-PNLA-925-0032  [LOCAL PANEL 25-32 U1RB 621 |Q/R2 Al
1-LPNL-925-0001  [LOCAL PANEL 25-1 U1 RB 519 |NWCORNER| Al
1-LPNL-925-0060  |LOCAL PANEL 25-60 ~ U1 RB 519 |N/ECORNER| Al
1-PROT-099-0001A1|RPS CIRCUIT PROTECTOR CABINET 1A1 U1 RB 593 |BATTBD1 Al
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19221 | 20 |1-PROT-099-0001A2|RPS CIRCUIT PROTECTOR CABINET 1A2 U1 RB 593 [BATTBD 1 Al
19222 | 20 |1-PROT-099-0001B1|RPS CIRCUIT PROTECTOR CABINET 1B1 U1 RB 593 |BATTBD 1 Al
19223 | 20 |1-PROT-099-0001B2|RPS CIRCUIT PROTECTOR CABINET 1B2 U1 RB 593 [BATTBD 1 Al
19224 | 20 |1-PROT-099-0001C1|RPS CIRCUIT PROTECTOR CABINET 1C1 U1 RB 593 [BATTBD 1 Al
19225 | 20 |1-PROT-099-0001C2{RPS CIRCUIT PROTECTOR CABINET 1C2 U1 RB 593 |BATTBD 1 Al
19226 | 18 |1-LPNL-925-247A |LOCAL PANEL 1-25-247A (CAD DRYWELL & SUPP. CHAMB. V.) U1 RB 621 |Q/R4 Al
19227 | 01 |1-BDBB-265-0001B {480V RB VENT BD 1B U1 RB 565 |U/R4 Al
19228 | 20 |1-PNLA-009-0036A [PANEL 1-9-36A U1 CB 593 |U1 AR Al
19229 | 18 |[1-LPNL-925-02478 [LOCAL PANEL 1-25-247B (CAD N2 SUPPLY PANEL B) U1 RB 621 |Q/R4 Al
19230 | 18 |[1-LPNL-925-0007A |LOCAL PANEL 1-25-7A U1 RB 541 |SWCORNER| Al
19231 18 |1-LPNL-925-00078 |LOCAL PANEL 1-25-78 U1 RB 541 |SWCORNER| Al
19232 | 14 [1-HS-74-101B HANDSWITCH FOR 1-FCV-74-101 (11055) U1 RB 565 |T/R6 Al
19239 | 18 |[1-TS-64-68 HANDSWITCH FOR 1-CLR-67-917 (14001) U1 RB 541 |SWCORNER| Al
19240 | 18 |1-HS-64-69 HANDSWITCH FOR 1-CLR-67-918 (14013) U1 RB 541 |SECORNER | Al
19241 18 |1-TS-64-70 HANDSWITCH FOR 1-CLR-67-921 (14003) U1 RB 541 |SWCORNER| Al
19242 | 18 |[1-HS-64-71 HANDSWITCH FOR 1-CLR-67-922 (14015) U1 RB 541 |SECOBNER | Al
19243 | 14 |[1-HS-69-2B HANDSWITCH FOR 1-FCV-69-2 (13033) U1 RB 593 |R5/S Al
19244 | 14 |1-HS-71-18B HANDSWITCH FOR 1-FCV-71-18 (13039) U1 RB 519 [NWCORNER| |

19245 [ 01 [1-HS-71-2B HANDSWITCH FOR 1-FCV-71-2 (13037) U1 RB 593 |R/R1 Al
19246 | 14 |[1-HS-73-27 HANDSWITCH FOR 1-FCV-73-27 (13043) U1 RB 519 [HPCI |

19247 | 18 |1-HS-73-3B HANDSWITCH FOR 1-FCV-73-3 (13041) U1 RB 551 |TORUS Al
19248 | 18 |1-HS-73-81B HANDSWITCH FOR 1-FCV-73-81 (13042) U1 RB 551 |TORUS Al
19250 | 14 [1-HS-74-12B HANDSWITCH FOR 1-FCV-74-12 (11011) U1 RB 519 |SWCORNER| Al
19251 14 |1-HS-74-13B HANDSWITCH FOR 1-FCV-74-13 (11012) U1 RB 541 |SWCORNER| Al
19252 | 14 |1-HS-74-1B HANDSWITCH FOR 1-FCV-74-1 (11001) U1 RB 519 |SW CORNER| Al
19253 | 14 |1-HS-74-24B HANDSWITCH FOR 1-FCV-74-24 (11029) U1 RB 519 |SECORNER| Al
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19254 -

14 |1-HS-74-25B HANDSWITCH FOR 1-FCV-74-25 (11030) U1 RB 541 [SECORNER| Al
19255 | 14 |1-HS-74-2B HANDSWITCH FOR 1-FCV-74-2 (11002) U1 RB 541 |SWCORNER| Al
19256 | 14 |1-HS-74-35B HANDSWITCH FOR 1-FCV-74-35 (11037) U1 RB 519 |SECORNER | Al
19257 | 14 |1-HS-74-36B HANDSWITCH FOR 1-FCV-74-36 (11038) U1 RB 541 [SECORNER | Al
19258 | 18 |1-HS-74-73B HANDSWITCH FOR 1-FCV-74-73 (11046) U1 RB 551 |TORUS Al
19260 | 18 |1-HS-75-11B HANDSWITCH FOR 1-FCV-75-11 (15006) U1 RB 519 [NWCORNER| Al
19261 14 |1-HS-75-22B HANDSWITCH FOR 1-FGV-75-22 (15010) U1 RB 541 |[NW CORNER| Al
19262 | 18 |1-HS-75-23B HANDSWITCH FOR 1-FCV-75-23 (15012) U1 RB 593 |P/R4 Al
19263 | 18 |1-HS-75-2B HANDSWITCH FOR 1-FCV-75-2 (15001) U1 RB 519 [NWCORNER| Al
19264 | 18 |1-HS-75-30B HANDSWITCH FOR 1-FCV-75-30 (15015) U1 RB 519 INECORNER| Al
19265 | 18 |1-HS-75-39B HANDSWITCH FOR 1-FCV-75-39 (15020) U1RB 519 [NECORNER| Al
19266 | 14 |1-HS-75-50B HANDSWITCH FOR 1-FCV-75-50 (15024) U1 RB 541 INECORNER| Al
19267 | 18 |1-HS-75-51B HANDSWITCH FOR 1-FCV-75-51 (15026) U1 RB 593 |P/R4 Al
19268 | 14 |1-HS-78-61B HANDSWITCH FOR 1-FCV-78-61 (11026) U1 RB 621 |R5/S Al
19269 | 14 |1-HS-64-72 HANDSWITCH FOR 1-CLR-67-919 {14002) U1 RB 541 INWCORNER| Al
19270 | 14 |1-HS-64-73 HANDSWITCH FOR 1-CLR-67-920 (14014) U1 RB 541 INECORNER| Al
19271 18 |1-TS-64-68 TEMPERATURE SWITCH FOR 1-CLR-67-917 (14001) U1 RB 519 |SWCORNER| Al
19272 | 18 |1-TS-64-69 TEMPERATURE SWITCH FOR 1-CLR-67-918 (14013) U1 RB 519 [SECORNER | Al
19273 | 18 |1-TS-64-70 TEMPERATURE SWITCH FOR 1-CLR-67-921 (14003) U1 RB 519 |SWCORNER| Al
19274 | 18 |[1-TS-64-71 TEMPERATURE SWITCH FOR 1-CLR-67-922 (14015) U1 RB 519 |SECORNER | Al
19275 | 18 |1-TS-1-17A MAIN STEAM VAULT TEMPERATURE SWITCH U1 RB 565 JMSVLTNI3 | Al
19276 | 18 |1-TS-1-17B MAIN STEAM VAULT TEMPERATURE SWITCH U1 RB 565 |[MSVLTN/T3 | Al
19277 | 18 |1-TS-1-17C MAIN STEAM VAULT TEMPERATURE SWITCH U1 RB 565 |[MSVLTN/T3 | Al
19278 | 18 |1-TS-1-17D MAIN STEAM VAULT TEMPERATURE SWITCH U1 RB 565 [MSVLTN/T3 | Al
19279 | 18 |1-TS-1-29A MAIN STEAM TUNNEL TEMPERATURE SWITCH Ut B 565 |MSTNLKM3 | Al
19280 | 18 |1-TS-1-29B MAIN STEAM TUNNEL TEMPERATURE SWITCH uiTB 565 Al

MSTNL K/T3
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1-15-1-29C MAIN STEAM TUNNEL TEMPERATURE SWITCH 565 [MSTNL K/T3

1-TS-1-29D MAIN STEAM TUNNEL TEMPERATURE SWITCH UiTB 565 .[MSTNLK/T3 | Al
1-TS-1-40A MAIN STEAM TUNNEL TEMPERATURE SWITCH uiTs 586 [MSTNLK/T3 | Al
1-TS-1-40B MAIN STEAM TUNNEL TEMPERATURE SWITCH U1 TB 586 |MSTNLK/M3 | Al
1-TS5-1-40C MAIN STEAM TUNNEL TEMPERATURE SWITCH U1 TB 586 |[MSTNLK/M3 | Al
1-TS-1-40D MAIN STEAM TUNNEL TEMPERATURE SWITCH Ui TB 586 |MSTNLKM3 | Al
1-TS-1-54A MAIN STEAM TUNNEL TEMPERATURE SWITCH Ui TB 586 |MSTNLKM3 | Al
1-TS-1-54B MAIN STEAM TUNNEL TEMPERATURE SWITCH UiTe 586 |[MSTNLKM3 | Al
1-TS-1-54C MAIN STEAM TUNNEL TEMPERATURE SWITCH uiTs 586 [MSTNLK/T3 | Al
1-TS-1-54D MAIN STEAM TUNNEL TEMPERATURE SWITCH Ui B 586 |MSTNLK/T3 | Al
1-TS-64-72 TEMPERATURE SWITCH FOR 1-CLR-67-919 (14002) U1 RB 519 [NWCORNER| Al
1-TS5-64-73 TEMPERATURE SWITCH FOR 1-CLR-67-920 (14014) U1 RB 519 [NECORNER| Al
1-AMP-092-0007/41A  ||RM CH. "A" VOLTAGE PREAMPLIFIER 7-34A RB 565 [S/R3 Al
1-AMP-092-0007/41B  ||RM CH. "B* VOLTAGE PREAMPLIFIER 7-34B RB 565 |S/R3 Al
1-LPNL-925-0027  |PANEL 1-25-27 IRM PREAMP. RPS | RB 565 |S/R3 Al
1-AMP-092-0007/41C  |IRM CH. "C" VOLTAGE PREAMPLIFIER 7-34C RB 577 |Q/R5 Al
1-AMP-092:0007/41D  [IRM CH. *D" VOLTAGE PREAMPLIFIER 7-34D RB 577 |Q/R5 Al
1-LPNL-925-0061  |PANEL 1-25-61 IRM PREAMP. RPS Il RB 577 |Q/R5 Al
1-NM-92-7/41A CHANNEL "A" IRM INDICATOR CB 617 |U1 MCR Al
1-NM-92-7/41B CHANNEL "B" IRM INDICATOR CB 617 U1 MCR Al
1-NM-92-7/41C CHANNEL "C" IRM INDICATOR CB 617 |U1 MCR Al
1-NM-92-7/41D CHANNEL "D* IRM INDICATOR CB 617 {U1 MCR Al
1-PNLA-009-012  {PANEL 1-9-12 CB 617 |UI MCR Al
1-BATD-283-000A1 |24V NEUTRON MONITORING BATTERY, U1 CHANNEL A CB 593 |BATRM1 Al
1-BATD-283-000B1 |24V NEUTRON MONITORING BATTERY, U1 CHANNEL B CB 593 [BATRM 1 Al
1-CHGD-283-A1-1  [24V NEUTRON BATTERY CHARGERS Af1-1 CB 593 (BATBDRM 1| Al
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19308 | 16 |1-CHGD-283-A2-1 [24V NEUTRON BATTERY CHARGERS A2-1 CB 593 [BATBDRM 1| Al
19309 | 16 |1-CHGD-283-B1-1 |24V NEUTRON BATTERY CHARGERS B1-1 CB 593 |BATBDRM 1| Al
19310 | 16 |1-CHGD-283-B2-1 [24V NEUTRON BATTERY CHARGERS B2-1 CB 593 |BATBDRM 1| Al
19312 | 14 |1-HS-71-17B HANDSWITCH FOR 1-FCV-71-17 (13074) U1 RB 519 [NW CORNER| Al
19313 | 20 |1-HS-1-56A HANDSWITCH FOR 1-FCV-1-56 (13075) u1CB 617 |U1 MCR Al
19314 | 14 |1-HS-73-26B HANDSWITCH FOR 1-FCV-73-26 (13076) U1 RB 519 |SWCORNER| Al
19316 | 20 |1-HS-77-2A HANDSWITCH FOR 1-FCV-77-2A (13080) u1CB 617 |U1 MCR Al
19317 | 20 |1-HS-77-15A HANDSWITCH FOR 1-FCV-77-15A (13081) U1 CB 617 |JU1 MCR Al
19318 | 20 |1-HS-64-18 HANDSWITCH FOR 1-FCV-64-18 (13082) u1CB 617 |U1MCR Al
19319 | 20 |1-HS-64-19 HANDSWITCH FOR 1-FCV-64-19 (13083) U1 CB 617 (U1 MCR Al
19320 | 20 |1-HS-76-18 HANDSWITCH FOR 1-FCV-76-18 (13084) U1 CB 617 |U1 MCR Al
19321 | 20 |1-HS-76-19 HANDSWITCH FOR 1-FCV-76-19 (13085) Ui CB 617 [U1 MCR Al
19323 | 14 |1-JB-0375 JUNCTION BOX (TERM BLOCK) - SEALED BOX U1 RB 519 |SECORNER| Al
19324 | 14 |1-JB-0662 JUNCTION BOX (TERM BLOCK) - SEALED BOX U1 RB 541 |SECORNER | Al
19325 | 14 |1-JB-0658 JUNCTION BOX (TERM BLOCK) - SEALED BOX U1 RB 541 |SECORNER | Al
19326 | 14 |1-JB-1032 JUNCTION BOX (TERM BLOCK) - SEALED BOX U1 RB 593 |S/R3 Al
19327 | 14 |1-JB-1095 JUNCTION BOX (TERM BLOCK) - SEALED BOX U1 RB 565 |S/R6 Al
19328 | 14 |1-JB-1559 JUNCTION BOX (TERM BLOCK) - SEALED BOX U1 RB 565 [T/R6 Al
19329 | 14 [1-JB-0670 JUNCTION BOX (TERM BLOCK) - SEALED BOX U1 RB 541 INECORNER| Al
19330 | 14 |1-JB-0791 JUNCTION BOX (TERM BLOCK) - SEALED BOX U1 RB 519 [NW CORNER| Al
19331 14 |1-JB-0681 JUNCTION BOX (TERM BLOCK) - SEALED BOX U1 RB 541 |NW CORNER| Al
19332 | 14 [|1-CS-75-9B CONTROL STATION FOR 1-HS-75-9B U1 RB 519 |NW CORNER| Al
19333 | 14 |1-CS-75-37B CONTROL STATION FOR 1-HS-75-37B U1 RB 519 INECORNER| Al
19334 | 14 |1-JB-1231 JUNCTION BOX (TERM BLOCK) - SEALED BOX U1 RB 565 |S/R6 Al
19351 14 |1-JB-3828 JUNCTION BOX FOR 1-TS-1-29A U1 RB 565 |MSTNLK/T3 | Al
19352 | 14 |1-JB-3829 JUNCTION BOX FOR 1-TS-1-29B U1 RB 565 |MSTNLK/T3 | Al
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19353 JUNCTION BOX FOR 1-TS-1-29C U1 RB 565 [MSTNLK/T3 | Al
19354 | 14 |1-JB-3831 JUNCTION BOX FOR 1-TS-1-29D U1 RB 565 [MSTNLKT3 | Al
19355 | 14 [1-JB-3801 JUNCTION BOX FOR 1-TS-1-40A U1 RB 586 [MSTNLKT3 | Al
19356 | 14 [1-JB-3802 JUNCTION BOX FOR 1-TS-1-408 U1 RB 586 |MSTNLKT3 | Al
19357 | 14 [1-JB-3803 JUNCTION BOX FOR 1-TS-1-40C U1 RB 586 [MSTNLK/T3 | Al
19358 | 14 [1-JB-3804 JUNCTION BOX FOR 1-TS-1-40D U1 RB 586 [MSTNLK/T3 | Al

19359 | 14 [1-JB-3813 JUNCTION BOX FOR 1-TS-1-54A U1 RB 586 [MSTNLKT3 | Al
19360 | 14 |[1-JB-3814 JUNCTION BOX FOR 1-TS-1-54B Ui RB 586 [MSTNLK/T3 | Al

19361 | 14 [1-JB-3815 JUNCTION BOX FOR 1-TS-1-54C U1 RB 586 [MSTNLKT3 | Al
19362 | 14 [1-JB-3816 JUNCTION BOX FOR 1-TS-1-54D U1 RB 586 [MSTNLKT3 | Al
19412 | 03 [0-BDAA-211-0000A [4KVSHDNBDA U1 RB 621 |R/A2 Al 1A
19413 | 03 {0-BDAA-211-0000B 4KV SHDN BDB U1 RB 593 |Q/R2 Al B
19418 | 02 [1-BDBB-231-0001A [480VSHDNBD 1A U1 RB 621 [S/R1 Al [
19419 | 02 [1-BDBB-231-0001B [480V SHDNBD 1B U1 RB 621 [S/R2 Al l
19423 | 01 [1-BDBB-268-0001A [480V RMOV BD 1A U1 RB 621 |RA1 Al [
19424 | o1 [1-BDBB-268-0001B [480V RMOVBD 1B U1 RB 503 [R/R1 Al I
19437 | 14 |[0-BDDD-280-0001 [250V BATTERY BD 1 U1 RB 593 |P/R4 Al
19492 | 20 [0-LPNL-925-0045A [PANEL 25-45A U1 RB 621 |R/R2 Al
19493 | 20 [0-LPNL-925-00458 |PANEL 25-45B U1 RB 593 [R/R2 Al
19516 | 14 [0-XSW-248-0001  [250V MAIN BATT CHGR OUTPUT XFR SW 1 U1 RB 593 |P/R4 Al
19519 | 15 [0-BATA-248-0000A {250V BATTERY SB-A U1 RB 621 [S/R2 Al IA
19520 | 14 [0-PNLA-248-A 250V DISTRIBUTION PANEL SB-A U1 RB 621 |s/R2 Al A
19521 | 16 [0-CHGA-248-0000A [250VBATTERY CHARGER SB-A U1 RB’ 621 |S/R2 Al A
19522 | 15 [0-BATA-248-0000B [250VBATTERY SB-B U1 RB 621 [R/R2 Al B
19523 | 14 [0-PNLA-248-B 250V DISTRIBUTION PANEL SB-B U1 RB 621 |R/R2 Al 1B
19524 | 16 [0-CHGA-248-0000B [250V BATTERY CHARGER SB-B U1 RB 621 |R/R2 Al 1B
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19534 250V BATTERY CHARGER 1 P/R4 Al
19537 | 15 |0-BATA-248-0001 |250V MAIN BATTERY 1 U1 RB 593 |P/R4 Al
19594 | 04 |1-XFA-231-TS1A  |4KV/4BO0V TRANSFORMER TS1A Ui RB 621 |T/R1 Al I
19595 | 04 |1-XFA-231-TS1B  |[4KV/480V TRANSFORMER TS1B U1 RB 621 |SIR7 Al l
19709 | 20 |1-PNLA-009-0020 |PANEL 1-9-20 U1 CB 617 |U1MCR Al
19716 | 18 |1-LPNL-925-0223 |LOCAL PANEL 1-25-223 - RAW COOLING WATER PANEL U1 RB 593 |Q/R2 Al
19729 | 14 |1-HS-23-578 HANDSWITCH FOR 1-FCV-23-57 U1 RB 565 |R6/S Al
19791 | 20 |1-PNLA-009-0008 |PANEL 1-9-8 Ui CB 617 |U1 MCR Al
19792 | 18 |1-LPNL-925-006B |LOCAL PANEL 25-68B U1 RB 593 |R5/P Al
19794 | 04 11-XFA-099-0010 RPS REGULATING TRANSFORMER TRP-1 U1 CB 593 [BATTBD1 Al
19795 | 14 |1-FUDS-099-0001CA|RPS REG XFMR DISC SW FROM 480 V RMOV BD 1B U1 CB 593 [BATTBD1 Al
19796 | 04 |TUP1 UNIT PREFERRED XFMR U1 CB 593 |BATTBD 1 Al
19797 | 14 |[1-FUDS-099-0001CB|RPS BUS XFMR DISC SW U1 CB 593 [BATTBD1 Al
19801 14 |1-JB-6439 JUNCTION BOX SERVING 1-TE-161A U1 RB 519 [TORUS

19802 | 14 |1-JB-6440 JUNCTION BOX SERVING 1-TE-161B U1 RB 519 |TORUS

19803 | 14 |1-JB-6441 JUNCTION BOX SERVING 1-TE-161C U1 RB 519 |TORUS

19804 | 14 |1-JB-6442 JUNCTION BOX SERVING 1-TE-161D U1 RB 519 |TORUS

19805 | 14 |1-JB-6443 JUNCTION BOX SERVING 1-TE-161E U1 RB 519 |TORUS

19806 | 14 |1-JB-6444 JUNCTION BOX SERVING 1-TE-161F U1 RB 519 |TORUS

19807 | 14 |1-JB-6445 JUNCTION BOX SERVING 1-TE-161G U1 RB 519 |TORUS

19808 | 14 |1-JB-6446 JUNCTION BOX SERVING 1-TE-161H U1 RB 519 |TORUS

19809 | 14 |1-JB-6453 JUNCTION BOX SERVING 1-TE-162A U1 RB 519 |TORUS

19810 | 14 |1-JB-6454 JUNCTION BOX SERVING 1-TE-162B U1 RB 519 |TORUS

19811 14 |1-JB-6447 JUNCTION BOX SERVING 1-TE-162C U1 RB 519 |TORUS

19812 | 14 ]1-JB-6448 JUNCTION BOX SERVING 1-TE-162D U1 RB 519 |TORUS

19813 | 14 |1-JB-6449 JUNCTION BOX SERVING 1-TE-162E U1 RB 519 |TORUS
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1-JB-6451 JUNCTION BOX SERVING 1-TE-162G U1 RB 519 [TORUS
1-JB-6452 JUNCTION BOX SERVING 1-TE-162H U1 RB 519 [TORUS
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TENNESSEE VALLEY AUTHORITY
BROWNS FERRY NUCLEAR PLANT (BFN) UNIT 1

RESPONSE TO NRC GENERIC LETTER (GL) 88-20, SUPPLEMENT 4
INDIVIDUAL PLANT EXAMINATION OF EXTERNAL EVENTS (IPEEE) FOR
SEVERE ACCIDENT VULNERABILITIES

UNIT 1 IPEEE FIRE INDUCED VULNERABILITY EVALUATION
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1.0 INTRODUCTION

This calculation evaluates the fire induced hazards at Browns Ferry Nuclear Plant
Unit 1 and determines the risk of core damage due to various fire scenarios.

11 Purpose

This calculation performs an evaluation of BFN Unit 1 in response to Generic Letter
88-20, Supplement 4 to determine the plant vulnerability to internal fire events. This
evaluation is primarily based on the Fire Induced Vulnerability Evaluation (FIVE)
methodology developed by the Electric Power Research Institute (EPRI) (Reference 1).
It provides a combination of probabilistic and deterministic techniques for examining
BFN Unit 1 fire probability and protection characteristics. The FIVE methodology
consists of a progressive screening evaluation, in which plant fire areas are screened
from consideration based on qualitative information or by quantitative analysis. The
availability of plant equipment is based on a combination of events that lead to fire
damage and loss of safe shutdown function. If at any point in the process, the
frequency of loosing a safe shutdown function is less than 1E-6/reactor year, the
vulnerability to the plant from a fire at that location will not be considered significant and
can be screened out from further evaluation. Implicit in this statement is that core
damage from that particular fire-initiated event in that fire compartment is negligible.

1.2 Overview of Fire Induced Vulnerability Evaluation and Implementation
Process

The BFN evaluation of fire induced hazards and for screening fire areas from further
consideration is primarily based on EPRI FIVE documentation (Reference 1), Fire PRA
Implementation Guide (Reference 5) and Supplement to the Implementation Guide
(Reference 6). Additional PSA techniques involving fire severity factors and Fire
Modeling (using Zone Models e.g., CFAST) to determine the consequences of
postulated fires in terms of detection, growth, propagation and suppression were used
to refine the initial conservatism. The screening criteria of less than 1E-06 core
damage frequency due to fire related initiating events was used. The FIVE
documentation describes the fire evaluation process in three phases. The steps
involved in each of these phases and their implementation is described below.

Phase | - Qualitzitive 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.

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
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through this process. Therefore, no areas were screened from consideration at this
point.

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 |l (Step1)

This phase identifies individual and generic plant fire hazards and their associated fire
ignition frequencies for the unscreened plant fire areas and zones. 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.

The ignition frequency 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.

Phase |l (Step 2)

The purpose of this step is to evaluate the likelihood of redundant/alternate shutdown
paths being unavailable at the same time a fire occurs within a fire compartment. The
PSA model impacts caused by the fires of concern is evaluated generating a
"conditional core damage probability," (CCDP) or "P2" value, as it is identified in the
EPRI FIVE documentation. 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. '

During this step, all fires were assumed to engulf the affected area and result in a plant
trip or shutdown for Unit 1. The probability for redundant/alternate system
unavailability, or "conditional core damage probability" (i.e., "P2" value) was calculated .
using the PSA plant model by incorporating the potential fire.impacts. Areas that had
an overall frequency of fire occurring and damaging safe shutdown components (F1 x
P2 = F2) below the screening criteria of 1E-06 were then screened from further
consideration:

Phase | (Step 3)

Detailed fire damage assessment involving fixed and transient combustibles is
performed by using deterministic/fire modeling methods. Credit for fire protection
features to limit fire damage is considered. The PSA model is further refined by
identifying specific plant impacts due to fires in the various areas based on the detailed
fire damage assessment.
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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 or zone type fire models were used to assess the damage
potential of each fire source. Also, EPRI FIVE guidance was used to calculate the
probability of target damage due to transient fire sources. This process is described in
Section 6.0.

Due to the specific nature of the Control Room, guidance for the evaluation of this area
was taken directly from Fire PRA Supplement (Reference 6) and from BFN's response
to RAl (Reference 12). 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 foliowing fire
suppression.

For other plant areas, such as the Control Building and Turbine Building, a probabilistic
model of fire based on fire severity factors, was used to segment the area fire
frequency into individual cases for evaluation. This step included the evaluation of
those plant locations for which multiple area fires were potentially of concem following
the Fire Compartment Interaction Analysis (FCIA) performed in Phase . 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 and 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. In response to RAl, cable spreading room
was further evaluated for potential of fire growth and propagation and is included in this
calculation.

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 |l are then repeated as
necessary to complete the quantitative screening process.

Phase 11l 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, Reference 10) and the evaluation of
containment performance.
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2.0 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 1, but includes
potential fire ignition sources that are located in the Unit 2 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.

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 3EA, 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 forone 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.

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.
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Table 2-1
Tabulation of Generic Plant Area Types
Plant Location Number o.f 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 1, the Unit 1 Reactor
Building, was further subdivided into 6 separate fire zones. 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).

Fir; 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).

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
lists the fire areas, fire zones, and compartments used in this study.
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Table 2-2
Browns Ferry Fire Areas, Fire Zones and Compartments
Area Description
1-1 Unit 1 Reactor Building, 519" through 565' Elevation
(West side of Reactor Building)
1-2 Unit 1 Reactor Building, 519' through 565' Elevations

(East side of RX Bldg.) and Elevator/Stairway at El 5983', 621', and 639'.

1-3 Unit 1 Reactor Building, 593' Elevation, North Side
1-4 Unit 1 Reactor Building, 593' Elevation, South Side and RHR Heat Exchanger
Rooms
1-6 | Unit 1 Reactor Building, 621' Elevation and North Side of 639’ Elevations
1-6 Unit 1 Reactor Building, South Side of 639" Elevation
2 Unit 2 Reactor Building
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)
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, 621' 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 | Contrel-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
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Table 2-2
Browns Ferry Fire Areas, Fire Zones and Compartments
Area _ Description
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)

24 4kV Bus Tie Board Room (Unit 3 Diesel Generator Building, 565' Elevation)
25-1 | Intake Pump Station
252 | 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 6.2.10.

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.
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Table 2-3
Tabulation of Plant-Wide Fire Ignition Sources
Type of Component Number
Air Compressors 23
Battery Chargers 34
Fire Protection Panels 25
Non-Qualified Junction Boxes (Allocated 13,388
by Millions of BTU of Cable)
Non-Qualified Cable (in Millions of BTU) 13,388
Offgas/Hydrogen Recombiners 3
Motor Generator Sets 19
Transformers (Indoor) 48
Ventilation Subsystems 289

24 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 1%

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.

. Table 24
Failureftravailability Rates for Automatic Fire Suppression Systems

Type of Automatic Suppression System z:::lal::“zg;?;bg:g

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
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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 Fer_ry Nuclear Plant.

Table 2-5
Sprinkler and Fire Detection Device Data
Time A Rated
Type Detector Name Constant Actuation Spacing
Temperature
Smoke lonization/ 10 128°F ~30 feet
Photoelectric
Heat Rate Compensated 83 (RT1) 136° F ~8 to 12 feet
Sprinkler | Standard 100 175°-286°F | ~10to 12 feet
Quick Response 30 175°-200°F | ~10to 12 feet
' 165°F ~10 feet (Cable
Spreading Room)
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3.0 QUALITATIVE SCREENING PROCESS (PHASE 1)

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 (PT1) 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 (References 33 and 34). 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. Areaﬁt%oundary is fire rated at 1 hour with combustible loading below 80,000
BTU/Mt .

4. The exposing compartment has a low combustible loading (less than 20,000
BTU/ft%) and automatic fire detection.

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

10



NDN1-999-2004-0010
Unit 1 IPEEE Fire Induced Vulnerability Evaluation

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 (PT1) 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.
Therefore, 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 1, 16 and 25 were further subdivided into separate fire zones and
compartments.
** Subdivision of fire areas 2 & 3 are addressed in References 35 and 36.

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

11
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(for locations that are not bounded b

Table 3-1
Fire Compartment Interaction Analysis

y 2 to 3 hour barriers)

Fire Area, Adjacent SSC PTI Screening
Fire Zone or Area (See (See PFS Criteria Comment
Compartment Note 1) | Note 2)
1-1 1-2 Yes Yes Yes (Note 7) 5,8,9
1-3 Yes Yes No 3,6 1,5,8,9
1-4 Yes Yes No 3,6 1,5.8,9
1-2 1-3 Yes Yes No 3,6 1,5,8,9
1-1 Yes Yes Yes (Note 7) ,8,9
1-4 Yes Yes No 3,6 1,5,8,9
1-3 1-1 Yes Yes No 3,6 1,.5,8,9
1-2 Yes Yes No 3,6 1,5,8,9
1-4 Yes Yes Yes (Note 7) 58,9
1-5 Yes Yes No 3,6 1,8,9
1-4 11 Yes Yes No 3,6 1,8,9
1-2 Yes Yes No 3,6 1,8,9
1-3 Yes Yes Yes (Note 7) 8,9
1-5 Yes Yes No 3,6 1,8,9
1-5 1-3 Yes Yes No 3,6 1,8,9
1-4 Yes Yes No 3,6 1,8,9
1-6 Yes Yes Yes (Note 7) 1,8,9
1-6 1-5 Yes Yes Yes (Note 7) 1,8
5 6 Yes Yes No 3 1,5
7 Yes - Yes No 3 1.5
6 5 Yes Yes No 3 1,5
7 Yes Yes No 3 1,5
7 5 Yes Yes No 3 1,5
6 Yes Yes No 3 1,5
9 10 Yes Yes No 3 1,5,8
11 Yes Yes No 3 1,5, 8
10 9 Yes Yes No 3 1,5,8
11 Yes Yes No 3 1,.5,8
11 9 Yes Yes No 3 1,5,8
[p— 10 Yes Yes No 3 1,5, 8
13 14 Yes Yes No 3 1,5, 8
15 Yes Yes No 3 1,5,8
14 13 Yes Yes No 3 1,5,8
15 Yes Yes No» 3 1,5. 8
15 13 Yes Yes No 3 1,5,8
14 Yes Yes No 3 1,5,8
16-1 16-2 Yes Yes Yes | (Note 3) 5,8
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

12
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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, Adjz;cent SSC PTI Screenin
Fire Zone or Area (See (See PFS Criteriag Comment
Compartment Note 1) | Note 2)
16-2 16-1 Yes Yes No (Note 5) 7,8,9
6
16-3 Yes Yes No 6 7,.8,9
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
16-3 16-2 Yes Yes No (Note 4) 6,8
17 16-1 Yes Yes No 3 1,5,8
16-2 Yes Yes No 3 1,5,8
18 16-1 Yes Yes No 3 1,5, 8
16-2 Yes Yes No 3 1,5,8
19 16-1 Yes Yes No 3 1,5,8
16-2 Yes Yes No 3 1,5,8
22 23 Yes Yes No 3 1,5,8
24 Yes Yes No 3 1,5,8
23 22 Yes Yes No 3 1,5.8
24 Yes Yes No 3 1,58
24 22 Yes Yes No 3 1,5,8
23 Yes Yes No 3 1,5, 8
2541 25-2 Yes Yes No 2 {Note 6)
25-3 Yes Yes No 2 {Note 6)
25-2 25-1 Yes Yes No 2 {Note 6)
25-3 Yes Yes No 2 (Note 6)
25-3 25-1 Yes Yes No 2 (Note 6)
25-2 Yes Yes No 2 (Note 6)
Notes: :
(1) For purposes 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 or shutdown
(3) 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 6.2.8.1.
4) The potential for fire spread from compartment 16-3 to 16-2 is discussed in Section 3.3.1.

(5) The potential for fire spread from compartment 16-2 to 16-3 is discussed in Section 3.3.1. The
detailed evaluation of this potential multiple area fire is presented in Section 6.2.8.2.

(6) Separation between Turbine Building compartments is described in Section 3.3.2.

(7) Unit 1 Reactor Building fire zones 1-1/1-2, 1-3/1-4 and 1-5/1-6 are separated by 20 foot boundary

areas, 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 6.2.1.
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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 separate compartments.

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

5) Low combustible loading in exposing compartment (less than 1 hour fire sevenity).

6) Moderate combustible loading in exposing compartment (between 1 and 2 hour severity).

7) High combustible loading 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 Compartments

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.

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).
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 and meet the location and placement requirements of NFPA 72. These rooms
have a relatively low ceiling height (12'); ceiling is beamed construction type (will trap
smoke and heat); and detectors are located within beam pockets. All these features
help early fire detection. 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 lieu 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:
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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

These areas primarily house low voltage electrical cabinets. Fire events experience
with low voltage (250V or less) electrical fires indicates that these fires are slowly
developing. Electrical cabinets are separated from each other by double walls and
have some air gap. Fire is not expected to spread to an adjacent cabinet for at least 15
minutes (EPRI TR-105928, Appendix H). 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 penetrations present a minimal
potential for fire propagation to the Cable Spreading Room, the potential for this fire is,
conservatively, being considered. '

The quantitative evaluation of a fire developing in compartment 16-1 and assessment of
smoke detection and manual suppression is further discussed in Section 6.2.8.1.

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.

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 controlied 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.

Potential for fire spread from compartment 16-2 to 16-3. Fire spread between these
two compartments can be screened out based on the EPRI screening criteria 6
(automatic suppression in the area). However, due to the significant amount of
combustibles and the history of fire in this area, the CSR was specifically evaluated.

Fire compartment 16-2, Cable Spreading Room (CSR) is located in the control building.
It interfaces with the control rooms (16-3) above and below with series of rooms
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including auxiliary instrument rooms, computer rooms, etc. (16-1) and fire areas 17, 18
and 19. CSR is not separated from control rooms by fire rated barriers. However,
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 and
provide protection against spread of fire and smoke. Note that appropriate pressure
seals are provided to maintain control room habitability. Cable spreading room
presents a deep seated fire hazard scenario and therefore, a quick response and high
density sprinkler system was designed for the area. The CSR ceiling is of obstructed
construction, i.e., construction where beams, trusses, or other members impede heat
flow or water distribution in a manner that materially affects the ability of sprinklers to
control or suppress a fire. Beams are approximately 30" deep and spaced
~ approximately 8 ft. apart and therefore treated as separate spaces. Cross members
provide additional obstruction forming deep pockets. The detection and suppression
design considered all of these aspects. Smoke detectors and sprinkler are placed
within the beam pockets to provide prompt detection capability and adequate spray
pattem. Additionally, intermediate level sprinklers are installed in the flue space
between stacks of cable trays (similar to protection of rack storage occupancies). Due
to congestion of cable trays, two smoke detectors are placed within each beam pocket
(37" x 8'). Sprinkler are spaced approximately 10' apart. Sprinkier and smoke detectors
design meets the NFPA Code requirements.

Based on the above described ceiling construction and detector/sprinkler placement,
smoke detector response and sprinkler activation time is calculated in Section 6.2.8.2.
The Heat Release Rate is assumed to be a slow growth fire.

The evaluation shows that for slow growing fires, time to reach 300 Btu/sec fire size
(design objective to limit the fire to one or two trays) is 219 seconds, whereas time to
detect and activate sprinklers is no more than 50 seconds. Therefore, it can be
concluded that fires in the CSR can be detected and suppressed well before critical
conditions are reached. Even for medium and fast developing fires the time to reach
300 Btu/sec is 164 seconds and 82 seconds respectively and the sprinkler system is
expected to control such fires and prevent fires from propagating to the control rooms
located above.

3.3.2 Potential for Fire Spread betweep Turbine Building Compartments

—————yr

The Turbine Building fire area is segmented for this analysis into 3 compartments. 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. The Cable Tunnel runs approximately 650 feet
from the Intake Pump Station at the 550 foot elevation to the electrical cable shaft,
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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 shaft 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 intemally 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.

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.
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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. 1t was also noted during
this review that the Service/Radwaste Building aréa does not contain any safe
shutdown components or plant trip initiators.
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4.0 PHASE .1 - CALCULATION OF FIRE IGNITION FREQUENCY (F1)

All plant fire areas were retained through the qualitative screening process for
quantitative evaluation in Phase |l of the FIVE methodology. In Phase 1.1, 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 NSAC/178L. and later updated in EPRlI FEDB 2001
(Reference 3y

The actual calculation of fire area ignition frequency is shown in Attachment B to this
report. It should be noted that these fire ignition frequencies represent all fires that
could be expected to occur in the plant, regardiess 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.
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Table 4-1
Fire Area lgnition Frequencies

Fire area/Zone

Description

Ignition Frequency

Unit 1 Reactor Building, 519’ through 565' Elevations (West side

11 of Rx Bldg.) 608802
. Unit 1 Reactor Building, 519° through 565' Elevations (East side
1-2 of Rx Bldg.) 3.52E-02
1-3 Unit 1 Reactor Building, 593' Elevation, North Side 2.32E-02
1-4 gmt 1 Reactor Building, 593’ Elevation, South Side and RHR HX] 2 12E-02
ooms
. v g ' . B L
1-5 Unit 1.Reactor Building, 621' Elevation and North Side of 639 4.88E-02
Elevations
1-6 Unit 1 Reactor Building, South Side of 639" Elevation 3.08E-02
2 Unit 2 Reactor Building 1.27E-01
3 Unit 3 Reactor Building 1.26E-01
4kV Shutdown Board Room B (Unit 1 Reactor Building, 593
4 Elevation) 1.94E-02
4kV Shutdown Board Room A and 250V Battery Room (Unit 1
5 RB, EL 621) 2.36E-02
6 480V §hutdown Board Room 1A (Unit 1 Reactor Building, 621 1.92E-02
Elevation)
480V Shutdown Board Room 1B (Unit 1 Reactor Building, 621 3
7 Elevation) 1.92E-02
8 kv S_hutdown Board Room D (Unit 2 Reactor Building, 593 1.92E-02
Elevation)
4kV Shutdown Board Room C and 250V Battery Room (Unit 2 )
9 RB, EL 6211 2.26E-02
10 480V fShutdown Board Room 2A (Unit 2 Reactor Building, 621 1.92E-02
Elevation)
11 480V Shutdown Board Room 2B (Unit 2 Reactor Building, 621 1.92E-02
Elevation)
12 Shutdown Board Room F (Unit 3 Reactor Building, 593 2 03E-02
Elevation)
13 Shutdown Board Room E (Unit 3 Reactor Building, 621 2 01E-02
Elevation)
14 480V Shutdown Board Room 3A (Unit 3 Reactor Building, 621 1.92E-02
- Elevation)
15 480V _Shutdown Board Room 3B (Unit 3 Reactor Building, 6211 1.92E-02
Elevation)
16-1 Control Building - 593' Elevation 3.78E-02
16-2 Control Building - 606' (Cable Spreading Room) 1.20E-02
16-3 Control Building ~ 617' (Control Room) 6.92E-02
17 Unit 1.Battery and Battery Board Room, Control Building 5§93 5.08E-02
Elevation
18 Unit 2 Battery and Battery Board Room, Control Building 593 4.91E-02

Elevation
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Table 4-1

Fire Area Ignition Frequencies

Fire area/Zone ) Description Ignition Frequency
19 Unit 3. Battery and Battery Board Room, Control Building 593 4.91E-02
Elevation

20 Unit 1 and 2 Diesel Generator Building 2.14E-01

21 Unit 3 Diesel Generator Building 2.13E-01

22 ng/GSBhutdown Board Room 3EA and 3EB, 583 Elevation, Unit 1.93E-02

23 ;kS/GSBhutdown Board Room 3EC and 3ED, 583' Elevation, Unif 1.93E-02

24 4kV Bus Tig 'Board Room, 565' Elevation, Unit 3 Diesel 1.92E-02
Generator Building

25-1 Intake Pump Station 7.77E-02

25-2 Pipe Tunnel 1.09E-05

© 25-3 urbine Building 5.59E-01

Total Plant Fire Frequency for 3 Units 2,10E+00
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5.0 PHASE 1.2 - QUANTITATIVE SCREENING

Following the generation of the fire ignition frequencies for each fire, each plant area
must be evaluated for the probability of core damage, given an assumed engulfing fire
in the area and the resulting damage to safe shutdown components. Components
remaining free of fire damage are assumed to be available (except for probabilistic
failures as modeled in the PSA). 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 documented in References 24, 25, and 26.

Once the conditional core damage probability (CCDP), 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-06, 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 fire induced core damage frequency generated by this process (F2) is considered
to be an upper bounding value for the following reasons:

1. Allfires in a given area are assumed to either cause 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 model. This is
conservative in that many of the fires listed in the EPRI Fire Events Database
(References 2 and 3) 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.

This anaIyS|S'15“perfonned to enable screening of less-significant areas from further
consideration and identifying those areas for which 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. These areas that were not screened in this section are listed in Table 6.0.
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5.1 IPE Level 1 Shutdown Sequence and Unavailability (P2)

Given the plant impacts for an assumed engulfing fire in a given area, the PSA model 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 totaled
and normalized to reflect an initiating event frequency of 1.0. This gives the conditional
core damage probability (CCDP) 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 ignition frequency to generate a fire-.
induced 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 or 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.

If the cause of plant trip (i.e., loss of offsite power, reactor trip with 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, turbine trip is
conservatively assumed to occur. ’

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 result 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 probabilities, 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.

Table 5-1
Conditional Core Damage Probabilities (CCDP) for Selected Initiating Events
' . Initiating Core
- Initiating
Description'of Plant Trip DesEiven:_ Frfc;,::rt\c y FlrJeac;‘L::?\iy (P(Z:(;DBs A)
gnation (A) (B)
Loss of all condensate TLCF 9.09E-03 3.76E-08 4.14E-06
MSIV closure IMSIV 5.70E-02 9.67E-08 1.70E-06
Total loss of feedwater TLFW 2.58E-02 4.59E-08 1.78E-06
Loss of plant air LOPA 1.20E-02 6.58E-08 5.48E-06
Total loss of offsite power LOSP - 6.43E-03 217E-07 3.37E-05
Turbine trip TT 5.09E-01 1.86E-07 3.65E-07
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The initiating event frequencnes and core damage frequencies shown in Table 5-1 were
taken directly from RISKMAN® model. These values were then "normalized" to reflect
an initiating event frequency of 1.0 to obtain the conditional core damage probability
(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-induced core damage frequency.

For example, a transient resulting in turbine trip 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 TT initiating event, shown above. Table 5-1 shows the core
damage frequency that would be reported by the quantification program for the TT
initiating event (1.86E-07). 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 TT initiating event, if it had an initiating event frequency of 1.0 (1.86E-
7/5.09E-1 = 3.65E-7). This value would then be multiplied by the new initiating event
frequency (1E-02) to calculate a fire-related core damage frequency of 3.65E-09.

The above example applies to the situation where a base line initiating event (such as
TT) can subsume the impact of a fire. If there are additional damages to the PRA
equipment, the impact should be added to the event sequence model by changing the
split fraction rules.

For the Unit 1 fire analysis in this report, a-single RISKMAN model was developed for
all the fire scenarios. Since fire in multiple areas can cause the same initiating event
(e.g., turbine trip), each individual fire scenario was assigned a unique initiator
designator, such as F5, which specifies the fire initiator for Fire Area 5. The event tree
logic rules were developed for a fire initiator to first mimic all the logic rules of its
associated base line initiating event (such as turbine trip), and then fail or degrade the
appropriate top events based on the fire impact. These fire initiators were assigned an
initiator frequency of 1.0, hence the core damage frequency calculated can be used
directly as CCDP (i.e., the P2 value).

Tables 5-1.1 through 5-1.25 perform the risk evaluation of a postulated engulfing fire in
a given area based on the above described methodology.

Unit 1 and Unit 2 PSA Model Comparisons - The BFN Unit 2 PSA model was the starting
point for the Unit™t model along with the Extended Power Uprate (EPU) considerations.
The CDF results for Unit 2 were dominated by sequences with the following
characteristics:

1. ‘An initiating event that causes a loss of injection from the power conversion
system.

2. A common cause failure of HPCI and RCIC.

3. A failure to depressurize to allow low-pressure injection. This was comprised by
both hardware and human action failures, but the human action failure was more
important.
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These sequences were reviewed in detail. Particular attention was paid to HPCI/RCIC
common cause failures and the human action failure to depressurize during the
development of the Unit-1 model. The Unit 1 model incorporated improvements to both
elements. Although still dominant, the CDF resulting from these type sequences is
much lower in the Unit 1 model when compared to the Unit 2 model. A secondary
effect is that the data updates for the diesel generators resulted in lower probabilities of
failure and reduces the CCDP for LOSP events. The Unit 1 base model CDF and
LERF values are as follows:

CDF — 1.86E-06
LERF —1.87E-07
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141,1-2,13,1-4, 1-
Fire Compartments 516 Unit 1 Reactor Building

PSA MODEL IMPACTS DUE TO FIRE DAMAGE

The Unit 1 Reactor Building consists of six fire zones, which are analyzed as individual fire areas in volume 1 of the Browns Ferry Fire Protection Report.
Due to the involved nature of the components and support cables [ocated 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

! 6.2.1.

Risk Evaluation

1.00E+00 6.08E-02 6.08E-02

1.00E+00 3.52E-02 3.52E-02

1.00E+00 2.32E-02 2.32E-02

1.00E+00 2.12E-02 2.12E-02

1.00E+00 4.88E-02 4.88E-02

1.00E+00 3.08E-02 " 3.08E-02
2.20E-01
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Fire Compartments | 2 Unit 2 Reactor Building

PSA MODEL IMPACTS DUE TO FIRE DAMAGE

Damage to "unit-specific” {i.e., Unit 2) components due to postulated fire scenarios in the Unit 2 Reactor Building would not be expected to require shutdown
of Unit 1 (i.e., a plant trip, or initiating event, would not be expected to occur for Unit 1 due to fire in the Unit 2 Reactor Building). Damage to "unit-common”
components however, such as power cables, that transit through the Unit 2 Reactor Building, may require Unit 1 to be shut down or tripped. Itis expected
that fires in unit 1 reactor building will bound core damage frequency due to fire-related initiating events in the Unit 2 Reactor Building. Refer to Section 6.2.2
for specific evaluation of fire damage to "unit-common" components and impact on Unit 1 core damage frequency.

Risk Evaluation

1.00E+00 1.27E-01 1.27E-01

(assumed) )
Conclusion: For a fire in the Unit 2 Reactor Building, it is unlikely that the operator would initiate a reactor trip on Unit 1. For purposes of this screening
analysis, though, all Unit 2 Reactor Building fires are conservatively assumed to result in a precautionary trip of Unit 1. 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 6.2.2.

27




NDN1-999-2004-0010
Unit 1 IPEEE Fire Induced Vulnerability Evaluation

Fire Compartments I 3 Unit 3 Reactor Building

PSA MODEL IMPACTS DUE TO FIRE DAMAGE

Damage to “unit-specific” (i.e., Unit 3) components due to postulated fire scenarios in the Unit 3 Reactor Building would not be expected to require shutdown of
Unit 1 (i.e., a plant trip, or initiating event, would not be expected to occur for Unit 1 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, may require Unit 1 to be shut down or tripped. It is expected that
fires in unit 1 reactor building will bound core damage frequency due to fire-related initiating events in the Unit 3 Reactor Building. Refer to Section 6.2.3 for
specific evaluation of fire damage to "unit-common” components.and impact on Unit 1 core damage frequency.

1.00E+00 1.26E-01 1.26E-01

(assumed)

Conclusion: For a fire in the Unit 3 Reactor Building, it is unlikely that the operator would initiate a reactor trip on Unit 1. For purposes of this screening
analysis, though, all Unit 3 Reactor Building fires are conservatively assumed to result in a precautionary trip of Unit 1. 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 6.2.3.
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Qua

= Table 5-1:4

ng.

I 4kV Shutdown Board Room B (Unit 1 Reactor Building, §93° Elevation)

PSA MODEL IMPACTS DUE TO FIRE DAMAGE

5
4kV Shutdown Board B AB ELECT12 Diesel Generator B GB ELECT12
480V RMOV Board 1B RF ELECT12 Shutdown Bus 1 SHUT1 ELECT12
250V RMOV Board 1B RC ELECT3 Shutdown Bus 2 SHUT2 ELECT12
1-LPNL-925-0541 (ACU 1B) 480V Shutdown Board 2A RS ELECT12
1-TS-031-7205D (SDBR ACU 1A) 480V RMOV Board 2A RH ELECT12
1-7S-031-7206C (SDBR ACU 1B) RCIC Pump (New Cable Tray RCI HPGTET
. Impact)
Panel 0-PNL-25-458 (4kV Shutdown AB ELECT12 Core Spray Loop Il (New Cable Cs LPGTET
Board B Logic Relays) Tray Impact)
Division | ECCS Analog Trip Unit PX1 SIGL RHR Loop 1l (New Cable Tray RPB, RPD RHRGT
Inverters {(Unit 1 only) Impact)
1&C Bus 1B Equipment DO ELECT3 Orywell High Pressure Signal Dw SIGL
(New Cable Tray Impact)
Diesel Generator D (New Cable GD ELECT12
Tray Impact)
Crosstie from Unit 2 (New Cable u2x LPGTET
Tray Impact)
:Recovery Action Impact: SDREC ELECT3
RFRHW RHRGT
RCOK (macro) ELECT3
Risk Evaluation
+lgnition Frequency: -DFfiRE
(E1) (CCDPis*F:

IMSIV

5.70E-02

9.22E-04

1.62E-02

1.94E-02
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COmments The potentual ﬁre related fallure of 4kV shutdown board B could also lmpact the operatlon of additional plant components listed under mdlrect |mpacts
These walkdowns also evaluated cable routing through this area. During this evaluation, it was determined that cable ES1812-IA 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. The
failure modes and effects analysis of BFN Unit 1 (Table 2-4 of Unit 1 Initiator Notebook) documented possible MSIV isolation and reactor scram due to 480V RMOV
Board 1B failure (initiator IMSIV). Th#s scenario is modeled as fire initiator F4 in the RISKMAN model. New cable trays routed in this room would impact the
following systems: RCIC pump, CS Loop II, RHR Loop I, Drywell high pressure signal, Diesel Generators B and D (with Diesel Generator B already modeled with
existing cable trays), and RHR crosstie {(Unit 2 Loop | to support Unit 1 Loop Il). Recovery of 480V RMOV Board 1B (RFRHW top event), and crosstie from 4kV
Shutdown Board D to B (SDREC top event) were also impacted by the new cable trays. In addition, loss of recirculation flow would result due to the new cable tray
impact, causing a reactor trip due to power/flow mismatch; but this is enveloped by the more conservative initiator, IMSIV.

The CCDP for this fire area were compared with the Unit 2 results for 4kV SD BD C. The Unit 1 CCDP is lower by roughly a factor of 5. The Unit 2 evaluation was
replicated using the Unit 2 EPU model. The CDF for this area was numerically close (1.07E-2 versus 9.87E-03). The highest frequency sequences from both
models were then compared. Several items were identified that make the comparison difficult. On Unit 2, two top events are important to the results. One is top
event HS, which models the recovery of the heat sink. Failure of this top event occurred in all the sequences examined. The bases for these values are not
documented, but the values are from the original BFN Unit 1 PRA. This recovery was not included in the Unit 1 PSA because a higher standard for data on Unit 1.
The second top event that is important in Unit 2 is the OLP (Operators control low pressure injection). Top event OLP is guaranteed failed even though core spray
is functional. These two top events have opposite affects on the results.

Conclusion: 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 analysis. This evaluation is conservative in that all fires in this area are assumed to result in a reactor trip (with MSIV closure) 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 6.2.4.
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l 4kV Shutdown Board Room A and 250V Battery Room (Unit 1 RB, EL 621° )

Fire Area o |

: PSA MODEL IMPACTS DUE TO FIRE DAMAGE

4kV Shutdown Board A AA ELECT12 Diesel Generator A GA ELECT12
480V RMOQV Board 1A RE ELECT12 Shutdown Bus 1 SHUT1 .ELECT12
250V RMOV Board 1A RB ELECT12 Shutdown Bus 2 SHUT2 ELECT12
Panel 25-32 (backup controi panef) Diesel Generator B GB ELECT12
Panel 25-45A (4kV SDBD A Relay) AA ELECT12 RHR Loop | (New Cable Tray RPA, RPC | RHRGT
Impact)
18C Bus 1B Equipment DO ELECT3 RHR SW Pumps C1, C2 (New SWI1C, SwzaC MESUPT
Cable Tray Impact)
250V DC Battery, Battery Chargers, DA, DC ELECT12 EECW Pump A3 (New Cable Tray EA MESUPT
Dist. panel SB-A & B Impact)
SDBR Emerg. Cooling Unit :
18&C Bus 1A Equipment DN ELECT3 iRecovery Action: Impact SDREC ELECT3
ATU Inverters - Div 1l (Unit 1) PX2, HPISUP SIGL, HPGTET RERHW RHRGT
RBOK (macro) ELECT3
Risk Evaluation
nitlating Event gnition Frequency. DFeri
: :Frequency (1B ekt bii 1) DPus*
IMSIV 5.70E-02 4.82E-04 8.46E-03 2.36E-02 1.99E-04

Comments: The walkdowns also evaluated cable routing through this area. During this review, it was observed 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 potentially disable generator B output breaker, disabling
the DG. Top Event GB is conservatively assumed failed. Also, the fire-related failure of 4kV shutdown board A could potentially impact the operation of additional plant
components listed under indirect impacts. The failure modes and effects analysis of BFN Unit 1 (Table 2-4 of Unit 1 Initiator Notebook) documented possible MSIV
isolation and reactor scram due to 480V RMOV Board 1A failure (initiator IMSIV). This scenario is modeled as fire initiator F5 in the RISKMAN model. New cable trays
routed in this room would impact the following systems: RHR loop J, RHRSW pumps C1 and C2, EECW pump A3, Diesel Generator A (DG A is also impacted by existing
cable trays). In addition, loss of recirculation flow would result due to the new cable tray impact, causing a reactor trip due to power/flow mismatch; but this is enveloped
by the more conservative initiator, IMSIV.

The CCDP developed in the Unit 1 model (for Shutdown Board A room) is lower than in the Unit 2 model (for Shutdown Board D room). The dominant sequences in the
Unit 2 model contain failures of suppression pool cooling as the critical failure. Reviews have determined that the logic rules used to guarantee the failure of suppression
pool cooling are conservative. It is believed that these conservatisms have an insignificant effect on the baseline PSA. However, given the extreme failures postulated in
the fire analysis, the CCDP can be greatly overstated.

Conclusion: 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 reactor trip (with MSIV closure) 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
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..... antitative:Se in

shutdown buses 1 and 2 to all other own boards, similar to a loss of offsite power. This area
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Fire Area ] 6 480V Shutdown Board Room 1A (Unit 1 Reactor Building, 621° Elevation)

! PSA MODEL IMPACTS DUE TO FIRE DAMAGE

7 impacts) . 1
480V Shutdown Board 1A RQ ELECT12 Drywell High Pressure Signal oW SIGL
: . (New Cable Tray Impact)
Panel 1-25-44A-11 GA ELECT12

Panel 1-25-44B-11 GB ' ELECT12

‘Reco mpac
Shutdown Board Recovery RQOK (macro) ELECT3

Risk Evaluation

IMSIV 5.70E-02 3.29E-07 5.76E-06 1.92E-02 1.11E-07

Comments: The walkdowns confirmed that no cables traverse this area, other than those associated with 480V shutdown board 1A and the 480V load shed panels.
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 division ! diesel
generators A and B at top events GA and GB, in addition to failing shutdown board recovery at macro RQOK. This treatment is conservative in that it fails 4160V
switchgear following a loss of offsite power, in addition to the supplied 480V loads. The Failure Modes and Effects Analysis of Browns Ferry Unit 1 Key Support Systems
(Table 2-4 of the initiating events notebook) states that failure of 480V Shutdown Board 1A can result in MSIV closure and reactor scram ({initiator IMSIV). This scenario
is modeled as fire initiator F6 in RISKMAN. New cable trays routed in this room would impact the following systems: Diese! Generator A (also impacted by existing cable
trays), and drywell high pressure signal. In addition, loss of recirculation flow would result due to the new cable tray impact, causing a reactor trip due to power/flow
mismatch; but this is enveloped by the more conservative initiator, IMSIV.

Conclusion: 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 reactor trip (with MSIV closure) and cause the loss of all plant equipment located in this
fire area, regardless of fire severity or manual fire suppression.
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Fire Area 7 480V Shutdown Board Room 1B (Unit 1 Reactor Building, 621° Elevation)

JrY NS .

PSA MODEL IMPACTS DUE TO FIRE DAMAGE

ire damaged Comporients::

(Direct |mpa'ct_s);::‘ i -|:- Event Tree Impact

280V Shutdown Board 18 ELECT12 480V RMOV Board 1B (New

Cable Tray Impact)

ELECT12

GC ELECT12 High Drywell Pressure Signal bw SIGL
Panel 1-25-44A-12 (New Cable Tray Impact)
GD . ELECT12 Control Air Compressor A (New PCAAS (macro) MESUPT
Panel 1-25-44B-12 Cable Tray Impact)
Recovery Actions Impact

Shutdown Board Recovery RROK (macro) ELECT3

IMSIV 5.70E-02 5.96E-06 1.05E-04 1.92E-02 2.01E-06
Comments: The walkdowns confirmed that no cables traverse this area, other than those associated with 480V shutdown board 1B and the 480V load shed panels.
The potential failure of the 480V load sequencing logic circuits in panels 1-PNL-25-44A-12 and 1-PNL-25-44B-12 was conservatively modeled by failing division 1l
diesel generators C and D at top events GC and GD, in addition to failing shutdown board recovery at macro RROK. This treatment is conservative in that it fails
4160V switchgear following a loss of offsite power, in addition to the supplied 480V loads, The Failure Modes and Effects Analysis of Browns Ferry Unit 1 Key
Support Systems (Table 2-4 of the initiating events notebook) states that failure of 480V Shutdown Board 1B can result in MS|V closure and reactor scram (initiator
IMSIV). This scenario is modeled as fire initiator F7 in RISKMAN. Note F7 has a higher CCDP than F6 because failure of 480V Shutdown Board 1B (RR) causes
failure of 480V RMOV Board 1B (RF), which fails to crosstie of Unit 2 RHR loop [ to Unit 1 RHR loop I (Top Event U2X). New cable trays routed in this room would
impact the following systems: Diesel Generator C (also impacted by existing cable trays), Control Air Compressor A degradation, high drywell pressure signal, 480V
RMOV Board 1B (which will fail because 480V Shutdown Board 1B failure due to existing cable tray impact), and 480V RMOV Board 1C, which was not in the Unit 1
model.

Conclusion: Since the upper bound core damage frequency for this evaluation is greater than 1E-06, fires in this area will be retained for detailed analysis, see
Section 6.2.6.
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Fire Area | 8 = | 4kV Shutdown Board Room D (Unit 2 Reactor Building, §93° Elevation)

PSA MODEL IMPACTS DUE TO FIRE DAMAGE

2KV Shutdown Board D AD ELECT12 Diesel Generator D G0 ELECT12

480V RMOQV Board 2B RI ELECT12 Shutdown Bus 1 ELECT12
250V RMOV Board 2B Shutdown Bus 2 ELECT12
Panel 25-45D 480V Shutdown Board 28 ELECT12
'|1&C Bus 2B Equipment 480V RMOV Board 2C ELECT12
ATU Inverters - Div 1 (Unit 2) Diesel Generator B (New

Conduits Impact) ELECT12

Core Spray Loop Il (New CS

Conduits Impact) LPGTET

RHR Pump 1D (New Conduits RPD RHRGT"

Impact)

“Recovery Actions: Impact:

Top event Rl Recovery ' RIOK (macro) RHRGT

Risk Evaluation

g e ; -::~,!n_l_t:iat__l_ng Event. Ignition Frequency . |.::. - COFprg i s
. Initiating Event." . :." 1.1 Erequeney (IE) & °CDPws Fij: (CCDPusFA)
TT 5.09E-01 2.70E-06 5.31E-06 1.92E-02 1.02E-07

Comments: Cable routing through this area was evaluated to ensure that no other risk-significant components could be impacted by fires in this area. The fire-
related failure of 4kV shutdown board D could potentially impact the operation of additional plant components described under indirect affects. While a piant trip
would not be expected for Unit 1 due to fires in this area, a transient involving turbine trip (Initiator TT) has been conservatively assumed for this analysis, This fire
scenario is designated fire initiator F8 in the RISKMAN model. New conduits installed in this room would impact the following systems: Diesel Generator B, Core
Spray Loop 1, and RHR pump 1D. Crosstie to 4kV Shutdown Board D would also be failed, but this crosstie is not in the Unit 1 model.

A detailed comparison of Unit 1 CCDP for 4kV Shutdown Board D vs. Unit 2 CCDP for 4kV Shutdown Board A was not made. However, it is expected that the
“failure to depressurize” sequences account for the differences, as discussed at the end of Section 5.1 text.

Conclusion: 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 resuit in a turbine trip and cause the loss of all plant equipment located in this fire area,
regardless of fire severity or manual fire suppression.

35




NDN1-999-2004-0010
Unit 1 IPEEE Fire Induced Vulnerability Evaluation

it;

Fire Area

9

| 4kV Shutdown Board Room C and 250V Battery Room (Unit 2 RB, EL 621°)

PSA MODEL IMPACTS DUE TO FIRE DAMAGE

, ?ire‘dar’ha'géd Cérﬁiz‘dﬁén
. Impacts).

4kV Shutdown Board C

ELECT12

ELECT12 Diesel Generator C GC
480V RMOV Board 2A ELECT12 Shutdown Bus 2 SHUT2 ELECT12
250V RMOV Board 2A ELECT12 480V Shutdown Board 2A RS ELECT12
Panel 25-32 (backup control panel) 480V RMOV Board 2C RJ ELECT12
Panel 25-45C (4kV SDBD C Relay) Diesel Generator A (New Conduits Impact) GA ELECT12
1&C Bus 2A Equipment Diesel Generator B (New Conduits Impact) GB ELECT12
250V DC Battery, Battery Chargers, DB,DD ELECT12 Diesel Generator D (New conduits Impact) GD ELECT12
Dist. panel SB-C &D '
SDBR Emerg. Cooling Unit & 250V DC CS Loop Il (New Conduits Impact) CSs ELECT12
Battery supply & Exhaust fan
I&C Bus 1A Equipment RHR Pump 1B (New Conduits Impact) RPB LPGTET
ATU Inverters - Div il RHRGT
Panels 25-42A-1 & B-1{common logic Recovery of top event RH RHOK (Macro) RHRGT

relays)

Panels 25-42A-2 & B-2(common logic
relays)

Risk Evaluation

5.70E-02

6.12E-04

2.26E-02

1.38E-05
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Ta

Quantitative: Screening

Comments: '

Cable routing through this area was evaluated to ensure that no other risk-significant components could be impacted by fires in this area. The fire-related failure of
4KV shutdown board C could potentially impact the operation of additional plant components described under indirect affects. While a plant trip would not be
expected for Unit 1 due to fires in this airea, a transient involving turbine trip (Initiator TT) has been conservatively assumed for this analysis. This fire scenario is
designated fire initiator F9 in the RISKMAN model. New conduits installed in this room would impact the following systems: Diesel Generators A, B, C, and D
control circuits; we conservatively assufe all four diesel generators failed (note existing cable trays already damaged Diesel Generator C). Core Spray Loop I, and
RHR pump 1B were also damaged by a engulfing fire in this area. Shutdown Bus 2 is conservatively assumed damaged in this area. But Shutdown Bus 1 is still
available as well as its normal power supply. This will provide power to the Unit 1 equipment that's not damaged by this engulfing fire, limiting the fire impact in this
area. '

A detailed comparison of Unit 1 CCDP for 4kV Shutdown Board C vs. Unit 2 CCDP for 4kV Shutdown Board B was not made. The differences can be explained
similarly as discussed in Table 5-1.4 for Unit 1 CCDP for Board B vs. Unit 2 CCDP for Board C.

Conclusion:

Since the upper bound core damage frequency for this evaluation is more than 1E-08, fires in this area will be retained for detailed analysis, see Section 6.2.7. 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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Fire Area 10 480V Shutdown Board Room 2A (Unit 2 Reactor Building, 621' Elevation)

PSA MODEL IMPACTS DUE TO FIRE DAMAGE

480V Shutdown Board 2A RS ELECT12
2-PNL-25-44A-11, 480V  Load

sequencing logic panel. CGA ELECT12
2-PNL-25-44B-11, 480V  Load GB ELECT12

sequencing logic panel.

Risk Evaluation

1T 5.09E-01 3.05E-07 5.99€-07 . 1.92E-02 1.15E-08

Comments: The walkdowns confirmed 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 the 480V load sequencing logic circuits in panels 2-PNL-25-44A-11 and 2-PNL-25-44B-11 was conservatively modeled by
failing division | diesel generators A and B at top events GA and GB. This treatment is conservative in that it fails 4160V switchgear following a loss of offsite
power, in addition to the supplied 480V loads, While a plant trip would not be expected for Unit 1 due to fires in this area, a transient involving turbine trip
(Initiator TT) has been conservatively assumed for this analysis. This fire scenario is designated fire initiator F10 in the RISKMAN model.

Conclusion: Since core damage frequency for this evaluation is below 1E-06, fires in this area can be screened from further consideration.
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Fire Area | 11 480V Shutdown Board Room 2B (Unit 2 Reactor Building, 621' Efevation)

PSA MODEL IMPACTS DUE TO FIRE DAMAGE

480V Shutdown Board 2B RT ELECT12

2-PNL-25-44A-12, 480V Load GC ELECT12
sequencing logic panel.
2-PNL-25-44B-12, 480V Load GD ELECT12

sequencing logic panel.

RBCCW Sectionalizing Valve FCV-70-
48

HPCI Test Valve FCV-73-35

Risk Evaluation

T - 5.09E-01 1.23E-07 . 2.41E-07 1.92€-02 4.63E-09

Comments: The walkdowns confirmed that no cables traverse this area, other than those associated with 480V shutdown board 2B and the 480V load shed panels.
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 I 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. While a plant trip would not be expected for Unit 1 due to fires in this area, a transient involving turbine trip (Initiator TT) has been conservatively assumed
for this analysis. This fire scenario is designated fire initiator F11 in the RISKMAN model.

Conclusion: Since core damage frequency for this evaluation is below 1E-06, fires in this area can be screened from further consideration.
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Fire Area 12 Shutdown Board Room F (Unit 3 Reactor Building, 6§93’ Elevation)

(PO G

PSA MODEL IMPACTS DUE TO FIRE DAMAGE

480V RMOV Board 3B Unit 3 Shutdown Bd A3EC A3EC ELECT3

120V 1&C Bus 3B Equipment
ATU Inverters Division 1 (Unit 3)
Panel 25-654B

Risk Evaluation

1T 5.09E-01 2.89E-07 5.68E-07 2.03E-02 1.15E-08

Comments: The walkdowns revealed that the cables supplying 250VDC control power for 4kV shutdown boards 3EA and 3EC are routed through this area. No
other Unit 1 related plant companents were identified. While a ptant tnp would not be expected due to fires in this area, a transient involving turbine trip (Initiator
TT) has been conservatively assumed for this analysis. This fire scenario is designator initiator F12 in the RISKMAN model.

Conclusion: Therefore, 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 turbine trip and cause the loss of all plant equipment located in this fire area,
regardless of fire severity or manual fire suppression.
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‘Quantitative'Screening:

Fire Area | 13 Shutdown Board Room E (Unit 3 Reactor Building, 621" Elevation)

PSA MODEL IMPACTS DUE TO FIRE DAMAGE

-

480V RMOV Board 3A 480V RMOV Board 38 Not Modeled

250V RMOV Board 3A 480V Diesel Aux, Bd 3EB RP ELECT3
o8 NO UNIT 1 IMPACTS s

Unit 3 Panel 25-32 480V Shutdown Board 3A RX ELECT3

120V 1&C Bus 3A Equipment . 480V Shutdown Board 3B RY ELECT3 .

ATU Inverters Division Il (Unit 3)

Risk Evaluation

T 5.09E-01 1.45E-07 2.84E-07 2.01E-02 5.71E-09

Comments: The walkdowns revealed that the control cables associated with the equipment listed under "indirect Impacts” could be impacted due to fires in this
area. While a plant trip would not be expected due to fires in this area, a transient involving turbine trip {Initiator TT) has been conservatively assumed for the
Unit 1 analysis. This fire scenario is designator initiator F13 in the RISKMAN model.

Conclusion: Therefore, 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 turbine trip and cause the loss of all plant equipment located in this fire area,
regardless of fire severity or manual fire suppression.
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Fire Area 14 480V Shutdown Board Room 3A (Unit 3 Reactor Building, 621’ Elevation)

- ——

PSA MODEL IMPACTS DUE TO FIRE DAMAGE

480V Shutdown Board 3A RX ELECT3

Risk Evaluation

Initiating Event:

T 5.09E-01 1.35E-07 2.66E-07 1.92E-02 5.11E-09

Comments: The walkdowns confirmed that there is no additional Unit 1 related equipment located in this area. Also, it was confirmed during these
walkdowns that no additional Unit 1 related support cables traverse through this area. While a ptant trip would not be expected due to fires in this area, a
transient involving turbine trip with bypass available (Initiator TT) has been conservatively assumed for this analysis. This fire scenario is designator initiator
F14 in the RISKMAN model.

Conclusion: Therefore, 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 turbine trip and cause the loss of all plant equipment located in this fire area,
regardless of fire severity or manual fire suppression.
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Quantitaive

Fire Area | 15 480V Shutdown Board Room 3B (Unit 3 Reactor Building, 621° Elevation)

i PSA MODEL IMPACTS DUE TO FIRE DAMAGE

480V Shutdown Board 3B RY ELECT3

Risk Evaluation

TT 5.09E-01 1.44E-07 2.84E-07 1.92E-02 5.45E-09

Comments: The walkdowns confirmed that there is no additional Unit 1 related equipment located in this area. Also, it was confirmed during these walkdowns
that no additional Unit 1 related support cables traverse through this area. While a plant trip would not be expected due to fires in this area, a transient involving
turbine trip (Initiator TT) has been conservatively assumed for this analysis. his fire scenario is designator initiator F15 in the RISKMAN model.

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

43




NDN1-999-2004-0010
Unit 1 IPEEE Fire Induced Vulnerability Evaluation

Fire Compartments 16‘.1, 16-2, 163 Control Building EL §93, Cable Spreading Rooms EL 606, Unit 1/2/3 MCR EL 617

i PSA MODEL IMPACTS DUE TO FIRE DAMAGE

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,

Risk Evaluation

1.00E+00 3.78E-02 3.78E-02
1.00E+00 1.20E-02 1.20E-02
1.00E+00 6.92E-02 6.92E-02
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Fire Area 17 | Unit 1 Battery and Battery Board Room, Control Building 593' Elevation

250VDC Battery 1 (located in the

battery room) DE ELECT12
Battery Board 1 DE ELECT12
250VDC Battery Charger 1 DOE ELECT12

Unit Preferred MMG Set 1 and
Associated Equipment

24V Neutron Monitoring Batteries

and Chargers NO IMPACT ON UNIT
48V Annunciator Battery and 1 MODEL
Charger A

RPS MG SetB
Unit 1 RPS Circuit Protectors
I&C Buses A and B Fused

Disconnect Switches PX1, PX2 SIGL
Unit 1 Panel 9-81 (Division 1 only)
(FW Inverters) PX1 SIGL

Risk Evaluation

T 5.09€E-01 2.41E-06 4.73E-06 5.08E-02 2.40E-07
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Comments:
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 I:ith manually actuated sprinkler systems. Review of the EPRI Fire Events Database (NSAC/178L) and the construction of

the unit battery itself shows battery fites 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. However, for initial screening purposes 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. While a plant trip would not be expected due to fires in this area, a transient
involving turbine trip (Initiator TT) has been conservatively assumed for this analysis. it should be noted that a reactor trip will occur on de-energization of RPS
circuit protectors. Use of the turbine trip (required) logic is conservative in that reactor trip failure {i.e., ATWS) is considered. The potential failure of the RPS
circuit protectors would not prevent manual reactor trip if required. This scenario is designated fire initiator F17 in the RISKMAN Model.

Conclusion: 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 turbine trip and cause the loss of all plant equipment located in this fire area, regardless of
fire severity or manual fire suppression.
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Fire Area

18

Unit 2 Battery and Battery Board Room, Control Building §93' Elevation

PSA MODEL IMPACTS DUE TO FIRE DAMAGE

DH (added DHF to MFF)

ELECT12
Battery Board 2 Subsumed in DH ELECT12
250VDC Battery Charger 2A & Subsumed in DH ELECT12
2B
4kV Shutdown bus 3ED control A3ED ELECT3

power

Unit Preferred MMG Set 2 and
Associated Equipment

Division 2 instrument power
(Panels 9-82, 9-88)

NO IMPACT ON UNIT 1

250V DC Division |l control
power recovery

CPREC

ELECT3

RCIC steam flow indication MODEL
HPCI steam flow indication

CS/RHR interlock logic 1l

RPS circuit protectors

Manual relief valves 2-PCV-14, - Not Modeled

18, 23, 41, 42 -

Risk Evaluation

5.09E-01

1.59E-07

3.13e-07

4.91E-02

1.54E-08
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Comments: Fire area 18 consists of twd rooms, the Unit 2 battery room and the Unit 2 batte
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 manyally 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 felease intensities, or fire size, will remain small enough so as not to damage the few electrical conduits that traverse the
area. However, for initial screening purposes 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. While a plant trip would not be expected due to fires in this area, a transient involving turbine trip with
bypass available (Initiator TT) has been conservatively assumed for Unit 1 in this analysis. Note some Unit 2 equipment (RCIC/HPCI/CS/RHR) does not impact
Unit 1 CDF. This fire scenario is designated F18 in the RISKMAN model.

Conclusion: 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 turbine trip in Unit 1 and cause the loss of all plant equipment located in this fire area, regardiess
of fire severity or manual fire suppression. :
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Fire Area 19 | Unit 3 Battery and Battery Board Room, Control Building 593" Elevation
PSA MODEL IMPACTS DUE TO FIRE DAMAGE

. mpicte)

250VDC Battery 3 DG ELECT3

Battery Board 3 Subsumed in DG ELECT3
250VDC Battery Charger 3 Subsumed in DG ELECT3
Unit Preferred MMG Set 3 and Associated
Equipment
24V Neutron Monitoring Batteries and
MODEL "
48V Annunciator Battery Charger B 250V DC Division Il control CPREC ELECT3

power recovery

Unit 3 RPS Circuit Protectors

Risk Evaluation

FA):
T 5.09E-01 2.85E-07 5.59E-07 4.91E-02 2.74E-08

Comments: 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 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. However, for initial screening purposes 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. While a plant trip would not be expected due to fires in this area, a transient involving
turbine trip (Initiator TT) has been conservatively assumed for Unit 1 in this analysis. This fire scenario is designated F19 in the RISKMAN model.

Conclusion: 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 turhine trip and cause the loss of all plant equipment located in this fire area, regardless of fire

severity or manual fire suppression.
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Fire Area 20 Unit 1 and 2 Diese! Generator Building

PSA MODEL IMPACTS DUE TO FIRE DAMAGE

Fire damaged Components (Direct. ; -fM:tigaung systems DR
Impacts) '| Impact (Top Events) Event Tree impact:

Dlesel Generator A GA ELECT12

Diesel Generator B . GB ~ ELECT12
Diesel Generator C GC ELECT12
Diesel Generator D GD ELECT12

Shutdown Bus Recovery SDREC . ELECT3

Risk Evaluation

Initiating Everi
requéncy (IE)

.- Initiating Event .

T 5.09E-01 1.14E-07 2.23€-07 2.14E-01 4.77E-08

Comments: All components listed for this area in volume 1 of the Browns Femy Fire Protection Report and identified during plant walkdowns are associated
with the Unit 1 and 2 diesel generators. For a fire in the Unit 1 and 2 Diesel Generator Building, it is unlikely that the operator would initiate plant trip on Unit 1,
except in the case of severe, unsuppressed fires. While a plant trip would not be expected due to fires in this area, a transient involving turbine trip (Initiator TT)
has been conservatively assumed for this analysis. It should be noted that diesels are only required following a consequential loss of offsite power, following an
assumed reactor trip for Unit 1 following a fire in the Unit 1 and 2 Diesel Generator Building. This scenario is designated fire initiator F20 in the RISKMAN

model.

Conclusion: 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 turbine trip and cause the Ioss of all plant equipment located in this fire area, regardless of fire
severity or availability of automatic or manual fire suppression.
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Fire Area 21 Unit 3 Diesel Generator Building

PSA MODEL IMPACTS DUE TO !"IRE DAMAGE

_ Fire damaged Components (Direct. | :Mitigating Systems -|'- . 2\ . Fira Damaged Cof ‘Event Tree. .
i mpacts ‘Impact:(Top Even i {;

Diese! Generator 3A GE ELECT3
Diesel Generator 3B GF ELECT3
Diesel Generator 3C GG ELECT3
Diesel Generator 3D GH ELECT3 ¢ v Ip: _
4KV Shutdown Board 3EB control DF ELECT3 250V DC DIV [l Control Power CPREC ELECT3
batteries, charger (SB-3EB) Recovery

Shutdown Bus Recovery SDREC ELECT3

Risk Evaluation

LI - 5.09E-01 2.73E-07 5.37E-07 2.13E-01 1.15E-07

Comments: 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). Fora
fire in the Unit 3 Diesel Generator Building, it is unlikely that the operator would initiate plant trip on Unit 1, except in the case of severe, unsuppressed fires.
While a plant trip would not be expected due to fires in this area, a transient involving turbine trip (Initiator TT) has been conservatively assumed for this
analysis. It should be noted that diesels are only required following a consequential loss of offsite power, following an assumed reactor trip for Unit 1 following a
fire in the Unit 3 Diesel Generator Building. This scenario is designated F21 in the RISKMAN model.

Conclusion: 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 turbine trip and cause the loss of all plant equipment located in this fire area, regardless of fire
severity or availability of automatic or manual fire suppression.
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Fire Area

22

4kV Shutdown Board Room 3EA and 3EB, 5§83’ Elevation, Unit 3 DGB

PSA MODEL IMPACTS DUE TO FIRE DAMAGE

Fire ,d__améged. Cgm_p:bhe'r'ltsA (Direct

it}

ELECT3

A3EA
4kV Shutdown Board 3EB A3EB ELECTS3
Control cables for RHR service water SW1A MEUSPT
pump A1
Control cables for RHR service water EA MEUSPT
pump A3
Control cables for RHR service water SWi1C MEUSPT
pump C1
Control cables for RHR service water EC MEUSPT

pump C3

Risk Evaluation

T

5.09E-01

1.94E-07

3.82E-07

1.93E-02

7.35E-09

Comments: Plant walkdowns confirmed that there is no additional Unit 1 related support cables traverse through this area. The Failure Modes and Effects Analysis

of Browns Ferry Unit 1 Key Support Systems (Table 2-4 Initiating Event notebook) states that a plant trip would not be expected to occur following loss of 4kV

shutdown boards 3EA and 3EB individually. While a plant trip would not be expected due to fires in this area, a transient involving turbine trip (Initiator TT) has been

conservatively assumed for this analysis. This fire scenario is designated initiator F22 in the RISKMAN model.

Conclusion: This area can be screened from further consideration, based on an upper bound core damage frequency of fess than 1E-06. This evaluation is
conservative in that all fires in this area are assumed to result in a turbine trip and cause the loss of all plant equipment located in this fire area, regardless of fire
severity or availability of manual fire suppression.
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Fire Area 23 4kV Shutdown Board Room 3EC and 3ED, §83' Elevation, Unit 3 DGB

PSA MODEL IMPACTS DUE TO FIRE DAMAGE

4kV Shutdown Board 3EC A3EC . ELECT3
4kV Shutdown Board 3ED A3ED ELECT3
Control cables for 4KV shutdown A3EA ELECT3
board 3EA '
Risk Evaluation

Initlating Eventi: ;|- 5, ool [ e b s e o e | CDR
Frequenoy (I

TT 5.09E-01 3.46E-07 ' 5.62E-07 1.93E-02 1.08E-08

Comments: Plant walkdowns confirmed that there is no additional Unit 1 related support cables traverse through this area. The Failure Modes and Effects Analysis
of Browns Ferry Unit 1 Key Support Systems (Table 2-4 Initiating Event notebook) states that a plant trip would not be expected to occur following loss of 4kV
shutdown boards 3EC and 3ED individually. While a plant trip would not be expected due to fires in this area, a transient involving turbine trip (Initiator TT) has been
conservatively assumed for this analysis. This scenario is designated F23 in the RISKMAN model.

Conclusion: 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 turbine trip and cause the loss of all plant equipment located in this fire area, regardless of fire
severity or availability of manual fire suppression.
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Fire Area i 24 4kV Bus Tie Board Room, 565 Efevation, Unit 3 Diesel Generator Building

PSA MODEL IMPACTS DUE TO FIRE DAMAGE

4KV Bus Tie Board Not Modeled

Risk Evaluation

LOSP 6.43E-03 2.17E-07 3.37E-05 1.92E-02

6.49E-07

(From Plant Model)

Comments: Plant walkdowns confirmed that there is no additional Unit 1 related equipment located in this area. Also, it was confirmed during these walkdowns that no
additional Unit 1 related support cables traverse through 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 1. 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).

Conclusion: This area can be screened from further consideration, based on an upper bound core damage frequency of less than 1E-06. This evaluation is
conseryative in that all fires in this area are assumed to result in a loss of offsite power, regardless of fire severity or availability of manual fire suppression.
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‘Quantitative: Screening .

Fire Compartments

25.1, 25-2, 25-3

Turbine Building, Pipe Tunnel, Intake Pump Station

PSA MODEL IMPACTS DUE TO FIRE DAMAGE

The

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 probability of 1.0 for this level of evaluation. The compartments will be analyzed in more detail in

Section 6.2.

Risk Evaluation

1.00E+00 7.77E-02 7.77€-02
1.00E+00 1.09E-05 1.09E-05
1.00E+00 5.59E-01 5.59E-01
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5.2 Summary of Quantitative Screening

Table 5-2 summarizes the results for quantitative screening.

Table 5-2
Fire Induced CDF Summary
Fire ArealZone Description Fire Area CDF
Unit 1 Reactor Building, 519' through 5865
1-1 Elevations (West side of Torus Area and Main| 6.08E-02
Floor)
) Unit 1 Reaclor Building, 519' through 565
1-2 Elevations (East side of Torus Area and Main Floor)W 3.52B-02
1-3 Unit 1 Reactor Building, 593" Elevation, North Side '2.32E-02
Unit 1 Reactor Building, 593' Elevation, South Side| -
1-4 and RHR Heat Exchanger Rooms 2.12E-02
Unit 1 Reactor Building, 621' Elevation and North
1-5 Side of 639" Elevations 4.88E-02
. Unit 1 Reactor Building, South Side of 639
1-6 Elevation 3.08E-02
2 Unit 2 Reactor Building ' 1.27E-01
3 Unit 3 Reactor Building 1.26E-01
4kV Shutdown Board Room B (Unit 1 Reacton
4 Building, 593’ Elevation) 3.14E-04
4kV Shutdown Board Room A and 250V Battery
5 Room (Unit 1 RB, EL 621Y) 1.99E-04
480V Shutdown Board Room 1A (Unit 1 Reactor
6 Building, 621" Elevation) 1.11E-07
480V Shutdown Board Room 1B (Unit 1 Reacto
7 Building, 621’ Elevation) 2.01E-06
4kV Shutdown Board Room D (Unit 2 Reacto
8 Building; 593' Elevation) 1.02E-07
4kV Shutdown Board Room C and 250V Battery
9 Room (Unit 2 RB, EL 621') 1.38E-05
480V Shutdown Board Room 2A (Unit 2 Reactor]
-0 Building, 621' Elevation) 1.15€-08
480V Shutdown Board Room 2B (Unit 2 Reactor‘
" Building, 621 Elevation) 4.63E-09
Shutdown Board Room F (Unit 3 Reactor Building,
12 593' Elevation) 1.15E-08
Shutdown Board Room E (Unit 3 Reactor Building, .
13 621" Elevation) S.71E-09
480V Shutdown Board Room 3A (Unit 3 Reactor ’
14 Building, 621° Elevation) SA1E-09
480V Shutdown Board Room 3B (Unit 3 Reactor
15 Building, 621’ Elevation) 5.45E-09
16-1 Control Building - 593° Elevation 3.78E-02
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Table 5-2 .
Fire Induced CDF Summary
Fire Area/Zone Description Fire Area CDF
16-2 Control Building - 606' (Cable Spreading Room) 1.20E-02
16-3 Control Building - 617' (Control Room) 6.92E-02
Unit 1 Battery and Battery Board Room, Control
7 Building 593' Elevation 2.40E-07
Unit 2 Battery and Battery Board Room, Contro}
18 Building 593' Elevation 1.54E-08
Unit 3 Battery and Battery Board Room, Control
19 Building 593" Elevation 2.74E-08
20 Unit 1 and 2 Diesel Generator Building 4.77E-08
21 Unit 3 Diesel Generator Building 1.15E-07
MkV Shutdown Board Room 3EA and 3EB, 583
22 Elevation, Unit 3 Diesel Generator Building 7.35€-09
53 4kV Shutdown Board Room 3EC and 3ED, 583 1.08E-08
Elevation, Unit 3 Diesel Generator Building :
4kV Bus Tie Board Room, 565' Elevation, Unit 3
24 Diesel Generator Building 6.49E-07
25-1 Intake Pump Station 7.77E-02
25-2 Pipe Tunnel 1.09E-05
25-3 Turbine Building 5.59E-01
Total 1.23E+00

53 Consideration of Potential Fire-Induced Containment Bypass Scenarios

Although not a specific requirement of the FIVE methodology, the fire PRA procedure guide
(Reference 5, Section 4, Steps 4.2 and 9.1) 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. Of the areas screened
from further consideration, this condition potentially applies to five areas listed in Table 5-2 with
fire-related core damage frequencies between 1E-06 and 1E-07 (i.e., fire area 6, 8, 17, 21 and

24).

The following areas were screened with a CDF above 1E-7:

6
8
17
21
24

480V Shutdown Board Room 1A 1.11E-7
4kV Shutdown Board Room D 1.02E-7
Unit 1 Battery and Battery Board Room 2.40E-7
Unit 3 Diesel Generator Building 1.15E-7
4kV Bus Tie Board Room 6.49E-7
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The fire induced LERF values for these evaluations are calculated in Table 5-3:

Table 5-3
Containment Bypass Scenarios
Fire | Initiating | 1= LERF CLERP | 19PN 1 Eire.Related
Area Event ?a ) y (b) (c = bl/a) c} d) Y | LERF (c xd)
6 IMSIV 5.70E-02 5.50E-09 9.65E-08 1.92E-02 1.86E-09
8 TT - 5.09E-01 8.19E-10 1.61E-09 1.92E-02 3.09E-11
17 TT 5.09E-01 9.31E-08 1.83E-07 5.08E-02 9.29E-09
21 TT 5.09E-01 7.85E-11 1.54E-10 2.13E-01 3.29E-11
24 LOSP © 6.43E-03 9.32E-10 1.45E-07 1.92E-02 2.79E-09

Since each of these areas has a fire-related LERF that is below the cutoff of 1E-7, it can be
concluded that these fires do not result in or cause containment breach concerns beyond those
already addressed in the plant risk model. Therefore, these areas can continue to be screened
from further consideration, as shown in Table 5-2.

58



. "NDN1-999-2004-0010
Unit 1 IPEEE Fire Induced Vulnerability Evaluation

6.0 PHASEIL3 - DETAILED AREA ANALYSIS

The areas that were not screened out in Section 5 will be further evaluated in detail in
this section. Table 6-1 lists all the unscreened areas.

Table 6-1
Unscreened Areas
Fire Area/ - Fire Area CDF (From
Zone Description Initial Screening)
1-1 Unit 1 Reaclor Building, 519' through 565' Elevations 6.08E-02
West side of Torus Area and Main Floor) )
Unit 1 Reactor Building, 519' through 565' Elevation
1-2 (East side of Torus Area and Main Floor) T 3.52E-02
1-3 Unit 1 Reactor Building, 593’ Elevation, North Side 2.32E-02
Unit 1 Reactor Building, 593’ Elevation, South Side and]
14 RHR Heat Exchanger Rooms 2.42E-02
Unit 1 Reactor Building, 621' Elevation and North Side of
-5 539 Elevations 4.88-02
1-6 Unit 1 Reactor Building, South Side of 639" Elevation 3.08E-02
2 Unit 2 Reactor Building 1.27E-01
3 bnit 3 Reactor Building 1.26E-01
MKV Shutdown Board Room B (Unit 1 Reactor Building,
4 593' Elevation) 3.14E-04
MkV Shutdown Board Room A and 250V Battery Room
5 funit1RB, EL621) 1.99E-04
B0V Shutdown Board Room 1B (Unit 1 Reactor
7 Building, 621’ Elevation) 2.01E-06
MkV Shutdown Board Room C and 250V Battery Room X
9 unit2 RB, EL 621" 1.38E-05
16-1  [Control Building - 593' Elevation 3.78E-02
16-2  [Control Building - 606' (Cable Spreading Room) 1.20E-02
16-3 Control Building - 617° (Control Room) 6.92E-02
25-1 Intake Pump Station 7.77E-02
25-2  Pipe Tunnel 1.09E-05
25-3  [Turbine Building ~ 5.59E-01
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6.1 Review of the EPRI Fire Events Database (FEDB-2001) - Fire Severity
Factors

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 review of the fire events database was performed. This evaluation segments
the fire ignition frequency into "minor” and "severe" cases based on severity factors. A
fire severity factor is defined as the fraction of the incipient fires that result in a fully
developed fire. The data source used to generate this information is the fire events
database developed by EPRI FEDB-2001 (Reference 3).

During the development and evaluation of plant model impacts for each of the various
fire areas under consideration, assumptions must be made conceming 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 1003111 (This is an update of the earlier NSAC/178L data
base). This version of the EPRI database contains 1885 fire events that occurred in
PWRs and BWRs between 1968 and Dec. 2000. It contains fire events from NSAC-
178L, NEIL, Sandia National lab, NRC SECY-83-143, INPO and direct solicitation from
utilities. The ignition frequency model (Attachment B) used a total of 1430 fire events
out of 1885. This represents approximately 2369 reactor years of operation in the U.S.
commercial industry.

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 or portable extinguishers, etc.). 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 1885 fire events are documented in FEDB-2001. Of these database entries,
903 have spetific entries describing the equipment that was used to suppress the fire.
This information appears in the "EQUIP_USED" data field. These 903 fire events can
be divided by fire ignition source and separated into categories (i.e., hose stream or
installed system) as shown in Table 6-1 (a). The ignition source grouping similar to the
IPEEE FIVE methodology was taken from “INIT_TAB12". The remaining 982 fire
entries had no information regarding means of suppression. The time .taken to
suppress the fire once suppression personnel or equipment responded (SUPP_TIME),
agent used (AGENT_USED) and the dollar value loss incurred due to the fire
(DIRECTLOSS) information was reviewed to determine the severity of fire. A total of 66
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fires (from the list of 982 fires) had suppression times 15 minutes or greater and had a
dollar loss value of $20,000 or greater. These fires will be considered significant.

As shown in Table 6-1 (a), a total of 158 fires were suppressed by automatic
sprinkler/deluge/gas/dry systems or hose streams. These fires along with the 66 fires
described above will be considered “severe”. In other words, (224/1885 =) 11.9% of
fires occurred in nuclear plants are judged to be severe.

Ignition sources present in Fire Area 2 include electric cabinets, pumps and
miscellaneous plant wide components. This represents a total of 187 fires (includes
reactor and aux. buildings) per Table 6-1 (b). Of these, 7 fires will be considered
severe. Additionally assume (66/982 = ) 6.7% of the fires under the “information
unavailable” category will be severe, or (0.067 x 102 =) 7 fires will be severe. In other
words, (14/187 =) 7.5% of fires occurred in this area are judged to be severe.

Ignition sources present in Fire Areas 5 and 9 are primarily electric cabinets™ and
batteries*. This represents a total of 219 fires. Of these, 10 fires will be considered
severe per Table 6-1 (a). Additionally assume (29/322 = ) 9% of the fires under the
“information unavailable” category will be severe, or (0.09 x 69 =) 6 fires will be severe.
In other words, (16/219 =) 7.3% of fires occurred in these areas are judged to be severe.-

Ignition sources present in Fire Areas 4 and 7 are primarily electric cabinets*. This
represents a total of 290 fires. Of these, 9 fires will be considered severe per Table 6-1
(a). Additionally assume 6.7% of the fires under the “information unavailable” category
will be severe, or (0.067 x 157 =) 11 fires will be severe. In other words, (20/290 =) 6.9%
of fires occurred in these areas are judged to be severe.

Ignition frequency in fire compartments 16-1 and 16-3 (control building including control
rooms) is primarily due to electric cabinets. The appropriate category from Table 6-1 (a)
is the Electrical Cabinet (Panel/RPS). This represents a total of 123 fires. Of these, 2
fires will be considered severe per Table 6-1 (a). Additionally assume 6.7% of the fires
under the “information unavailable” category will be severe, or (0.067 x 13 =) 4 fire will be
severe. In other words, (6/123 = ) 4.9% of fires occurred in this area are judged to be
severe,

Ignition frequency in fire compartment 16-2 (cable spreading room) is primarily due to
cables and nor=qualified junction boxes (See Attachment B). This represents a total of
39 fires. Of these, 3 severe fires were listed in this category of ignition sources.
Additionally assume 6.7% of the fires under the “information unavailable” category will be
severe, or (0.067 x 23 = ) 2 will be severe. In other words, (5/39 =) 12.8% of fires
occurred in this area are judged to be severe. It should be noted that the FEDB-2001 lists
Browns Ferry CSR fire in the transient category (entry 634, INIT_TAB12). Therefore,
considering this category, a total of 242 fires are listed. Of these, 20 fires will be
considered severe per Table 6-1 (a). Additionally assume 6.7% of the fires under the
“information unavailable” category will be severe, or (0.067 x 147= ) 10 fires will be
severe. In other words, (30/242 =) 12% of fires occurred in this area are judged to be
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severe. Therefore, as calculated above, 12.8% of fires occurred in this area are judged to
be severe. _

Ignition sources present in fire compartment 25-1 (intake pump station) include electric
cabinets, fire pumps, cables, non-qualified junction boxes, transformers and transients
(See Appendix B). For electrical cabinets, using the electrical cabinet/MCC category a
total of (86 + 10 + 36 + 3 + 40 + 242 =) 417 fires. Of these, 33 fires will be considered
severe per Table 6-1 (a). Additionally assume 6.7% of the fires under the “information
unavailable” category will be severe, or (0.067 x 239 =) 16 fires will be severe. In other
words, (49/417 =) 11.8% of fires occurred in this area are judged to be severe.

No significant fires were noted for fire compartment 25-2 (Pipe Tunnel).

Fire compartment 25-3 (turbine building) includes most of the ignition sources listed in
Table 6-1 (a). Therefore, 11.9% of the fires in this area (as calculated above) will be
considered severe.

Based on the above calculated fire severity factors, the ignition frequency assigned to
minor and severe fire cases is give in Table 6-1 (c).

*Transient fires involving welding were not considered in fire severity determination. Most of these
fires were extinguished by portable extinguishers and were therefore, considered minor.
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Table 6-1 (a)
Means of Suppression

Automatic Deluge/

Other Means (Portable

Ignition Source Category ':?'je‘;f Wet pipe/ Gas/Dry |Hose Stream| Extinguisher, Fuel Source ld‘;:c:i?;ibolg None
pipe Systems Removed, Self Extinguish, etc.)
Air Compressors 15 1 9 4 1
Batteries _ 9 5 2. 2
Battery Chargers 13 1 5 6 1
Boiler 3 _ 2 1
|Cable Fire 36 1 2 6 23 4
Diesel Generators 93 7 5 24 41 16
Dryers 13 3 7 2 1
Electrical Cabinets (Panel / RPS) 123 2 34 63 24
Electrical Cabinets (Switchgear) 33 1 6 14 12
Electrical Cabinets / 48 1 30 7
(Transformer)
Electrical Cabinets / MCC 86 4 2 18 50 12
Elevator Motor 10 1 3 3 3
Fire Protection Panels 3 1 1 1
"|Fire Pump 10 1 2 6 1
Gas Turbine 4 1 2 1
Hydrogen Tank 5 1 2 2
Junction Box (Non-Qualified 3 1 2
Cable)
Junction Box (Qualified Cable) 7 4 3
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Table 6-1 (a)
Means of Suppression

Automatic Deluge/

Other Means (Portable

Ignition Source Category | ';l:?lje(;f Wet pipe/ Gas/Dry |Hose Stream| Extinguisher, Fuel Source g‘:;c:i‘?;ﬁg None
* pipe Systems Removed, Self Extinguish, etc.)

Main Feedwater Pump | 21 1 5 8 8

Miscellaneous Component 1 294 3 27 72 166 26

None Identified 2 2

Off-Gas / H2 Recombiner (BWR) 43 3 1 1" 28

{Off-gas/H2 Recombiner (BWR) 1 1

Other (Hydrogen Fire) 12 2 9 1

[Other Pumps / RCP 116 2 6 26 63 20

RPS MG Set 17 1 5 7 4

T/G Exciter 9 3 4 1

T/G Hydrogen - 15 6 1 2 5 1

T/G Oil 22 4 9 9

Transformer 40 3 1 1" 19 6

Transient fires caused by welding 18 1 17

and cutting

Transients 242 3 17 64 147 11

Ventilation Subsystem 44 1 1 13 25 4

Welding During Construction 403 2 17 163 197 24

Yard transformers 72 14 7 7 40 6
Total 1885 56 102 525 - 982 223
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Table 6-1 (b)
PWR-Auxiliary Building

cet Number of | Auto Hose Information
Ignition Source Fires Deluge Stream Other Unavailable None

Air Compressors 1 1
Battery Chargers 2 1 1
Cable Fire 8 1 1 6
Dryers 1 1
Electrical Cabinets (Panel / RPS) 11 6 5
Electrical Cabinets (Switchgear) 4 2 1 1
Electrical Cabinets / (Transformer) 3 3
Electrical Cabinets / MCC 7 1 4 2
Fire Protection Panels 2 1 1
Miscellaneous Component 5 1 2 2
Other {Hydrogen Fire) 4 2 1 1
Other Pumps / RCP 10 1 1 4 4
RPS MG Set 4 2 1 1
Transformer 4 1 1 2
Transient fires caused by welding 1 1
and cutting ‘
Transients 20 1 4 15
Ventilation Subsystem 4 2 2
Welding During Construction 37 2 9 24 2
TOTAL 128 1 5 34 71 17
Cable Fire 1 1
Electrical Cabinets (Panel / RPS) 3 - 3
Electrical Cabinets / (Transformer) 4 1 2 1
Electrical Cabinets / MCC 7 3 2 2
Miscellaneous Component 1 1
Off-Gas / H2 Recombiner (BWR) 4 1 3
Other Pumps / RCP 8 1 5 2
RPS MG Set 3 2 1
Transformer 1 1
Transients 8 1 2 5
Ventilation Subsystem 1 1
Welding During Construction 18 8 9 1

Total 59 : 1 0 16 31 11
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Table 6-1 (c)

Fire Area Frequency Based on Fire Severity

Fire Area | lgnition Severe fire | Minor Fire Sevg;::ure erc\::;!:lre
Description Frequency factor Factor
Compartment (a) (b) (¢) Frequency | Frequency
(a*b) (a*c)
2 Unit 2 Reactor Building 1.27E-01 0.075 0.925 9.54E-03 -1.18E-01
3 Unit 3 Reactor Building 1.26E-01 N/A N/A N/A N/A
4 4kV Shutdown Board Room B (Unit 1 Reactor Building,
593 Elevation) 1.94E-02 0.069 0.931 1.34E-03 1.81E-02
5 4kV Shutdown Board Room A and 250V Battery Room
(Unit 1 RB, EL 6217 2.36E-02 0.073 - 0.927 1.72E-03 2.19E-02
7 480V Shutdown Board Room 1B (Unit 1 Reactor Building,
21' Elevation) 1.92E-02 0.069 0.931 1.33E-03 1.79E-02
9 4KV Shutdown Board Room C and 250V Baltery Room
(Unit 2 RB, EL 6219 2.26E-02 0.073 0.927 1.65E—03 2.09E-02
16-1 IControl Building - 593' Elevation (8 Rooms) 3.78E-02 0.049 0.951 1.85E-03 3.59E-02
ITwo Rooms on El 593 (Unit 1 Aux Inst. Room and Unit 1/2
Computer Room) 9.44E-03 0.077 0.923 7.27E-04 8.71E-03
Six Rooms on El 5§93 (Unit 2 and 3 Aux Inst Rm, Unit 3
Comp. Rm, Mech. equip room, Process computer room{ 2 83E-02 N/A N/A N/A N/A.
and Communication room)
16-2 Control Building - 606' (Cable Spreading Room) 1.20E-02 0.128 0.872 1.54E-03 1.05E-02
16-3 Control Building - 617' (Control Room) 6.92E-02 0.049 0.951 3.39E-03 6.58E-02
25-1 Intake Pump Station 7.77E-02 0.118 0.882 9.17E-03 6.86E-02
25-2 Pipe Tunnel 1.09E-05 0 1 0.00E+00 1.09E-05
25-3 Turbine Building 5.59E-01 0.119 0.881 6.66E-02 4.93E-01
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6.2 Detailed fire Area/Compartment Evaluation

Due to the wide variance in fire sources, potentially damaged targets and area geometry,
the methods used to evaluate each area will also vary. Fire is generally assumed to start
in the most significant component in the area (i.e., electrical cabinet, transformer, pump,
etc.). For minor fires, the fire is limited to that component. However, the component is
considered disabled and no recovery is allowed. Credit for alternate power source to a
component located outside the fire area may be taken. Severe fire cases were generally
considered engulfing, unless the area is very large or involves multiple rooms (i.e., reactor
building, turbine building, control building, etc.). The engulfing fire case treatment is
considered similar to the evaluation in Section 5.

6.2.1 Unit 1 Reactor Building (Fire Area 1)

The Unit 1 Reactor Building consists of an extremely large volume, with individual fire
zones of about 10,000 ft* on each of 5 major elevations. A detailed fire hazards
analysis of all significant fire sources will be performed for this area. This may involve
determination of estimated heat release rates, fire severity and propagation, potential
target damage, effectiveness of suppression and detection, etc. This process consists
of a detailed fire growth and propagation analysis and a subsequent assessment of fire
damage that could resuit 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 5.
These fire sources were analyzed in Attachment C and are summarized in Table 6-
2.1 (a).

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 loading 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 1 operator would trip the reactor due to a
fire in the primary containment Hydrogen/Oxygen analyzer.

It may be noted that several of the fire ignition sources identified in Attachment B are

not listed in Table 6-2.1 (a) above, as significant fire sources. These plant components
include fire protection panels, non-qualified cables, some HVAC components, small
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pumps and panels containing minor levels of combustibles, as described in Attachment
C.

Table 6-2.1 (b) lists all of the identified potential fire sources and assigns the ignition
frequency for each source. The fire source is first associated with the corresponding
component category from Attachment B and the ignition frequency is determined. For
example, 250V RMOV Board 1C corresponds to electric cabinets category in fire
zone 1-1 with an ignition frequency of 5.18E-2. This ignition frequency is divided by the
number of similar components in the area that are analyzed as potentially significant
fire sources.

Electrical components and raceways within the zone of influence (from Attachment C)
of potential fire sources have been evaluated, based on the walkdown information
(Reference 26). If this evaluation confirms that potential damage to the specific
component and any other components within the zone of influence would not result in
an automatic plant trip and that these components are not required for the safe
shutdown of the plant and are not included in the PRA equipment list, then these
components (or fire sources) will be screened from further consideration.

New cable trays and conduits impacts are included for the Unit 1 Reactor Building fire
analysis. New cable trays were installed at the time of walkdown, hence all new cable
trays in the zone of influence were recorded and modeled. Some new conduits have
not been installed at the time of walkdown, these were identified by reviewing conduit
and grounding drawings that were marked up for changes (References 37 through 41),
Each fire ignition source equipment was superimposed to the conduit drawings based
on its column and row information, and it is conservatively assumed that all the conduits
that are adjacent to the equipment is damaged (regardless of the height of conduits).
These impacted conduits were documented in a walkdown summary spreadsheet file
(Reference 42). In general, these newly identified conduits have insignificant PRA
impact.

Tables 6-2.1(c)(1) through 6-2.1(c)(22) provide detailed discussion of each of the
potential fixed fire sources in the Unit 1 Reactor Building (these tables are placed after
the main text of Section 6). 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. Fire induced CDF due to each of the
identified fire sources is summarized in Table 6-2.1 (c).
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Table 6-2.1 (a)

Unit 1 Reactor Building Fixed Fire Sources
Fire Zone ) Fire Source

480 RMOV Board 1C

480 RB Vent Board 18

250V RMOV Board 1C

1-1 Core Spray Pumps 1A and 1C

RHR Pumps 1A and 1C

RCIC Pump

HPCI Pump

1-LPNL-25-340 ES Div | and Il Panel

Core Spray Pumps 1B and 1D

1-2 RHR Pumps 1B and 1D

1-3 RCW Pump 1A

1-4 All Fixed Fire Sources Equipment Screened (See Attachment C)

240V Lighting Board 1A

240V Lighting Transformer TL1A

4kV-480V Transformer TS1A

4kV-80V Transformer TS1B

4160V RPT Board 1-1 (Panel 1 and Panel 2)

4160V RPT Board 1-2 (Panel 1 and Panel 2)

RCIC Backup Control Panel 1-25-31

Panel 25-3 (Filter Demin)

1-6 4kV-480V Shutdown Boards Emergency Transformer TS1E (Qil)

VFD 1A (Panel)

VFD 1B (Panel)
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Table 6-2.1 (b)

ignition Frequency Assignment of Individual Fire Sources

Frec:gzir:ic(;nDue Similar \gnition
i : : Frequency per
FlLeufnobuer:e Description to Similar Fire :;g?g;gai:tzfz:‘ee Fire Source
Sources (App. B) b (a/b) * # of affected
(a) ( ) sources
1-1-1 480V RMOV Board 1C 2.07E-02 4 5.18E-03
1-1-2 480V RB Vent Board 1B 2.07E-02 4 5.18E-03
1-1-3 250 RMOV Board 1C 2.07E-02 4 5.18E-03
1-1-4 Core Spray Pumpé 1A and 1C 1.91E-02 6 6.37E-03
1-1-5 RHR Pumps 1A and 1C 1.91E-02 6 6.37E-03
1-1-6 RCIC Pump 1.91E-02 6 3.18E-03
1-1-7 HPCI Pump 1.91E-02 6 3.18E-03
1-LPNL-925-0340 ES Div | and
1-1-8 Il Panel 2.07E-02 4 5.18E-03
1-2-1  [Core Spray Pumps 1Band 1D|  1.27E-02 4 6.35E-03
1-2-2 RHR Pumps 1B and 1D 1.27E-02 4 6.35E-03
1-3-1 RCW Pump 1A 3.18E-03 1 3.18E-03
1-5-1 240V Lighting Board 1A 2.59E-02 5 5.18E-03
1-5-2 240V nghhTr]E&ransformer 2 63E-03 3 8.77E-04
1-5-3 4kV-480V Transformer TS1A 2.63E-03 3 8.77E-04
1-5-4 4kV-480V Transformer TS1B 2.63E-03 3 8.77E-04
4160V RPT Board 1-1 (Panel
1-5-5 1 and Panel 2) 2.59E-02 5 5.18E-03
4160V RPT Board 1-2 (Panel
1-5-6 1 and Panel 2) 2.59E-02 5 5.18E-03
1-5-7 RCIC Control Panel 1-25-31 2.59E-02 5 5.18E-03
1-5-8 Panel 25-3 (Filter Demin) 2.59E-02 5 5.18E-03
4kV-480V Emergency ’ :
1-6-1 Transformer TS1E (Oil) 8.75E-04 1 8.75E-04
1-6-2 VFD 1A (Panel) 1.04E-02 2 5.20E-03
1-6-3 VFD 1B (Panel) 1.04E-02 2 5.20E-03
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Table 6-2.1 (c)
Unit 1 Reactor Buildiﬂ Fire Sources

Fi;fu?nobuer::e Description Fire Induced CDF
1-1-1 480V RMOV Board 1C 3.55E-08
1-1-2 480V RB Vent Board 1B 1.42E-09
1-1-3 250 RMOV Board 1C 1.45E-09
1-1-4 Core Spray Pumps 1A and 1C 1.05E-08
1-1-5 RHR Pumps 1A and 1C 1.29E-07
1-1-6 RCIC Pump 5.27E-09
1-1-7 HPCI! Pump 2.05E-08
1-1-8 1-LPNL-925-0340 ES Div | Panel 7.03E-08
1-2-1 Core Spray Pumps 1B and 1D 1.75E-09
1.2-2 RHR Pumps 1B and 1D 3.58E-08
1-3-1 RVW Pump 1A 9.15E-10
1-5-1 240V Lighting Board 1A 4.92E-09
1-5.2 240V Lighting Transformer TL1A 5.76E-07
1-5-3 4kV to 480V Transformer TS1A 2.58E-09
1-5-4 4kV to 480V Transformer TS1B 5.71E-10
1-5-5 4160V RPT Board 1-1 (Panel 1 and Panel 2) 7.59E-08
1-5-6 4160V RPT Board 1-2 (Panel 1 and Panel! 2) 1.89E-09
1-5-7 RCIC Control Panel 1-25-31 4.92E-09
1-5-8 Panel 25-3 (Filter Demin) 0.00E+00
1-6-1 4kV to 480V Emergency Transformer TS1E (Oil) 2.88E-08
1-6-2 VFD 1A (Panel) 1.70E-07
1-6-3 VFD 1B (Panel) 1.70E-07

_ Transient Sources 8.27E-09
| Unqualified Cable 1.60E-07

71




 NDN1-999-2004-0010
Unit 1 IPEEE Fire Induced Vulnerability Evaluation

Consideration of Non-Qualified Cables as Independent Fire Sources

The above discussion of fixed combustible sources did not include Non-Qualified
cables. The 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 burmn 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 buming 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. References 24 and 27 (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 3 million BTU. On a frequency basis, the potential for ignition
of a fire in a section of cable of this size is '

F1=4.4E-03 x 3/2,328 = 5.7E-06

Where 4.4E-03 represents the total ignition frequency for non-qualified cables in
the Unit 1 Reactor Building (see Attachment B); 3/2,328 Represents the ratio of a
given cable tray segment heat capacity to the total BTU loading due to unqualified
cables for the Unit 1 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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» 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 =4 4E-03 x 3.37E-05 = 1.5E-07
Where

4.4E-03 represents the total fire frequency for unqualified cables in the Unit 1
Reactor Building

3.37E-05 is the conditional core damage probability (CCDP) 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.

6.2.2 Unit 2 Reactor Building (Fire Area 2)

A bounding case evaluation of fires in Unit 2 and its impact on Unit 1 core damage
frequency will be considered (see Table 6-2.2 and Table 6-2.2(a)).

6.2.3 Unit 3 Reactor Building (Fire Area 3)

The Unit 3 Reactor Building is the adjoining operational unit. Potential of fire in this
area and its impact on the Unit 3 core damage frequency is evaluated separately.
However, a bounding case evaluation of fires in Unit 3 and its impact on Unit 1 core
damage frequency will be considered. The evaluation of this area is described in Table
6-2.3

6.2.4 Fire Aréad"

Fires in 4kV Shutdown Board Room B was evaluated by first using fire severity cases
(severe and minor fires) to identify fire impacts and subsequently by taking credit for
manual suppression. 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 this area is described in Table 6-2.4 and Table 6-2.4 (a).
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6.2.5 Fire Area 5

Fires in 4kV Shutdown Board Room A was evaluated by first using fire severity cases
(severe and minor fires) to identify fire impacts and subsequently by taking credit for
manual suppression. 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 this area is described in Tables 6-2.5 and 6-2.5 (a).

6.2.6 480V Shutdown Board Room 1B (Fire Area 7)

Fire Area 7 is screened based on the fact that administrative control would make
transient fire in this area non-credible. The total cabinet fire frequency was used with
the engulfing fire scenario (i.e., all cables and equipment in this area were assumed
damaged) to estimate the fire induced CDF. Table 6-2.6 is referred to for more details.

6.2.7 4kV Shutdown Board Room C (Fire Area 9)

Fires in 4kV Shutdown Board Room C was evaluated by first using fire severity cases
(severe and minor fires) to identify fire impacts and subsequently by taking credit for
manual suppression. This was required due to the conservative nature of the initial
evaluation, which assumed that all fires result in loss of 4kV Shutdown Bus 2. The
evaluation of this area is described in Tables 6-2.7 and 6-2.7 (a).

6.2.8 Control Building (Fire Area 16)

Detailed evaluation of fire propagation scenarios was performed for each of the three
compartments in the Control Building. This involved probabilistic as well as
deterministic evaluations with consideration for fire severity and time for detection and
suppression prior to damage. Control rooms were evaluated using bounding case
evaluations as well as specific scenario involving critical cabinets. The evaluation of
each of these areas is described as follows:

6.2.8.1 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-18-2) and the walls 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. '

El 593 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 within rated fire barriers.
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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 Group 1 ,
Fire Area 17 (Unit 1 Battery Room) Rated Fire Barrier
Unit 1 Auxiliary Instrument Room Group 2

Unit 1 and 2 Computer Room Group 2

Unit 2 Auxiliary Instrument Room Group 2

Fire Area 18 (Unit 2 Battery Room) Rated Fire Barrier
Communication Room Group 3

Unit 3 Computer Room Group 3

Unit 3 Auxiliary Instrument Room Group 3

Fire Area 19 (Unit 3 Battery Room) Rated Fire Barrier
Mechanical Equipment Room 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. This area has dimensions of approximately 1,000 sq. ft. The following risk-
significant panels are located in this room:

1-9-18 Feedwater

1-9-29 Feedwater

1-9-30 Safety Relief Valves

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

1-9-42 MSIV

1-9-43 MSIV Closure

1-9-48 Feedwater

1-9-49 Feedwater
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1-9-50 Feedwater

e The Unit 1 and 2 Computer Room is located between the Unit 1 and the Unit 2
Auxiliary Instrument -Rooms. This area contains equipment that supports the
operation of Unit 1 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. There are no Unit 1 safe shutdown components in
this room.

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 1 safe
shutdown components in these-areas and Unit 1 plant trip would not be expected to
occur due to fires in these areas.

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

e 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.

o 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. The following fire scenarios have
been evaluated for this compartment:

Case1:  A-mimor fire in Unit 1 Auxiliary Instrument Room or Unit 1 Computer
Room resulting in loss of all Feedwater.

Case2: A severe fire in Unit 1 Auxiliary Instrument Room or Unit 1 Computer
Room resulting in loss of all Feedwater, MSIV Closure and HPCI failure.

Case 3:  Afire in any other area of Compartment 16-1 does not result in plant trip.

The fire scenario is graphically shown below in an event tree format.
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Aux. Inst, Rm. or Computer Rm.

IF=3.78E-02 CASE 1 Minor Fire (TLFW) (=8.71E-03)
Aux. Inst, Rm. or Computer Rm.
CASE 2  Severe Fire (IMSIV) (=7.27E-04)
All Other Areas
CASE 3 Screened (=2.83E-02)
Total= 3.78E-02

See Table 6-2.8.1 for detailed evaluation of the above cases.

Fire Hazards Evaluation

A fire scenario involving an electrical cabinet in the Auxiliary Instrument Room was
postulated (Computer room will be similar). Smoke detector response time was
calculated based on peak heat release rate (HRR) of 190 Btu/sec. However,
calculation was also done at lower HRR to conservatively determine the smoke detector
response time and also make sure that there will be no smoke stratification. The
calculations are shown in Table 6-2.8.1. -

The following table depicts the results of the calculation. Note that in most cases the
fire brigade will be at the location well before fire spread to an adjacent cabinet (based
on review of fire drills).

Hoat Release Rate Smoke Detector Fire Spread to Fire Brigade
o Activation Time Adjacent Cabinet Manual Response
Btu/sec . _
Sec Min Min
50 24 15 5-10
100 8 15 5-10
190 3 15 5-10

The above analysis shows that the time to detection and the time taken for manual
response will limit the fire damage to the cabinet of origin.

6.2.8.2 Fire Compartment 16-2, Cable Sbreadinq 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. This area is protected by an automatic preaction
sprinkler system that utilizes closely spaced, high density design Quick Response
Sprinkler (QRS) heads. :
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Review of the EPRI Fire Events Database (FEDB-1999) shows that there have been six
Cable Spreading Room fires in the commercial nuclear industry in addition to the BFN
fire. Five of these fires occurred inside electrical cabinets, and one in the RPS MG set.
Two of the fire appear to be “severe” in nature as automatic extinguishing systems were
used. Due to the sparse nature of this data (7 entries in approximately 3238 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.

The following two cases have been evaluated:

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 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.

Case 2 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.

See Table 6-2.8.2 for details of risk quantifications.
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The fire scenario is graphically shown below in an event tree format.

. Single cable tray, Loss of feedwater
IF=1.20E-02 ) CASE 1 Minor Fire (TLFW) (=1.05E-02)

Two cable trays, MSIV closure,
HPCI/RCIC/CS failure
CASE 2  Severe Fire (IMSIV) (=1.54E-03)

Total= 1.20E-02

6.2.8.3 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/Unit 2 Control -
Room area is not judged to be feasible.

The Unit 1 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 1-9-8, to the left of the main core map area. To
the right of the core map area is panel 1-9-3, 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

Intemal 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 3.3.1

In general, if a fire occurs in the Unit 2 Control Room area, this will have no impact on
Unit 1 operation. In the case of a severely involved fire, though, the Unit 1 Control
Room may eventually have to be evacuated due to smoke and other products of
combustion.

The evaluation of fires in the Control Room area is based on the guidance given in
Appendix M of the EPRI Fire Risk Analysis Implementation Guide (Reference 5),
Guidance for Development of Response to Generic Request for Additional Information
for Fire IPEEE, TR-105928 March 2000 (Reference 6) and Technical Review of Risk-
Informed Performance Based Methods for Nuclear Plants Fire Protection Analyses
NUREG-1521-1998 (Reference 29).

As noted above, the most significant Control Room panel, from the aspect of potential
impact on plant operation, is panel 1-8-3. 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 1-9-3. 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.

Various control room fire scenarios will be postulated and analyzed in this section. The

input data and factors used in these evaluations and associated references are
provided as follows:

80



_ NDN1-999-2004-0010
Unit 1 IPEEE Fire Induced Vulnerability Evaluation

“iEvaluationiof Control Room Fires::

‘Factor/Term | - Descnptlon ;,,RerﬁarksIReference‘.

IFcABINET Frequency of fire in 4 8E-2 Attachment B. Electric Cabinet fire
control room electric frequency for one control room.
cabinets.

IFcr Frequency of fire in unit 1 0.016 | Attachment B. Total fire frequency
control room divided by 3.
Pns Probability of non- 0.0034 | EPRI TR-105928, Appendix M figure
suppression M-1
(Lognormal distribution, mean value)
Psmoke Probability that smoke 0.1 NUREG 1521, Table B-4

will force abandonment
of the control room given

a fire
Frsp Failure of remote 0.064 NUREG 15621, Table B-4
shutdown capability Human error rate for successfully

performing the control room
abandonment procedure.

AraTiO Area ratio of panel 2-9-3 0.15 From drawing 0-47600-263, -

to total cabinet area approximated the area of panel 1-9-3
within the unit 1 control to the total cabinet area in the unit 1
room control room.

Control Room Fire Scenario 1. The first scenario postulates a bounding case, where
any fire originating in the unit 1 control room area that is unsuppressed will resuit in
Control Room abandonment even for fires in non-critical panels.

CDF;[N induced = |FCRX PNS X FRsp (Reference NUREG 1521)

=0.016 x 0.0034 x 0.064
=3.4E-6

Control Room Fire Scenario 2: This scenario postulates a fire starting in critical panel
1-9-3 and subsequent smoke release forcing abandonment of the control room.

CDFF". induced = |FCRX ARATIO X FR_§p X PSMOKE (Reference NUREG 1521)

T 1=0.016 x0.15 x 0.064 x 0.1
= 1.53E-5

Control Room Fire Scenario 3: This scenario postulates a fire starting in any cabinet
- other than panel 1-9-3 and subsequent smoke release forcing abandonment of the
control room. Credit is given for the RCIC system automatically cycling to control
reactor level. Therefore, the RCIC system must randomly fail which adds the Qgcic
term in the equation. For Browns Ferry RCIC failure has a nominal value of 0.059 (split
fraction RCI1 in the plant model).
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CDFF;.-, induced = IFCRX (1 -Amrno) X Fnsp.x QRCIC X PSMOKE (Reference NUREG 1521)
= 0.016 x (1-0.15) x 0.064 x 0.059 x 0.1
= 5.2E-6

Control Room Fire Scenario 4: This fire scenario evaluates fires in critical and non-
critical panels. Even suppressed fires in critical panels can lead to significant damage.
Suppressed fire in panel 1-9-3 is conservatively assumed to result in one stuck open
relief valve, MSIV closure and RCIC failure (CCDP=4.95E-5). Unsuppressed fire in
1-9-3 leads to evacuation of the control room.

Suppressed fire in other (non-critical) panels is conservatively assumed to result in
MSIV closure, Turbine trip and loss of condensate heat sink. However, unsuppressed
fire leads to loss of off-site power. The fire scenario is graphically shown below in an
event tree format and evaluated in Table 6-2.8.3.

Critical pane!

IF=1.60E-2 CASE 1A Suppressed Panel 1-9-3, One stuck open ‘
. relief valve, MSIV closure, RCIC
Critical panel failure (=2.39E-3) i
CASE 1B Unsuppressed .

Panel 1-9-3, Evacuate contro!
room (=8.16E-6)

. Anyother panel
CASE 28 __Suppressed Loss of condensate heat sink
(=1.36E-2)
Any other panel
CASE 2B Unsuppressed

Loss of off-site power
(=4.62E-5)

Total= 1.60E-02

Note that Case 1A assumes one stuck open relief valve. This form of failure would
require a sustained “hot short” condition, such that the SRV remains energized to
remain open. The likelihood of a single, sustained hot short failure, such that the circuit
is not isolated by the installed fuses and circuit breakers, is judged to be extremely
unlikely. Regarding the possibility more than one SRV opening and remaining open
due to hot short failure conditions, this would require two such failures to occur, which is
judged to be even more unlikely than the case of a single valve failing due to
inadvertent energization of a single valve.

6.2.9 Turbine Building (Fire Area 25)

The Turbine Building consists of widely separated areas, i.e., the intake pump station
and pipe tunnel and turbine building areas. The turbine building itself consists of 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
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suppression systems and large distances, this area was analyzed using specific fire
scenarios involving significant fire sources and corresponding damage to mitigating
systems. The evaluation of each of these areas is described as follows:

6.2.9.1 Fire Compartment 25-1, Intake Pump Station

Fire scenarios involving the condenser circulating water pumps and fires simultaneously
affecting RHRSW and EECW power cables were evaluated in Table 6-2.9.1 and Table
6-2.9.1 (a).

6.2.9.2 Fire Compartment 25-2, Pipe Tunnel

This area contains insignificant combustibles amount of combustibles and lacks plant
components. However, manual shutdown was conservatively assumed in the
evaluation in Table 6-2.9.2.

6.2.9.3 Fire Compartment 25-3, Turbine Building

This area includes Units 1, 2 and 3 Turbine Buildings and has the highest fire frequency
of all areas, at 5.59E-1 fires per year. Various fire scenarios were postulated in
different areas of the Turbine Building involving significant fire sources and
components. In all 8 cases were postulated as described in Table 6-2.9.3.

A recombiner fire may require 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. 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 2 or Unit 3
recombiners (Case 1A) would not be expected to impact operation of Unit 1, a plant trip is
assumed for 1 out of every 3 Hydrogen recombiner fires (Case 1A). Recombiners have a
fire frequency of 7.40E-2 per unit per year (fire frequency for 2 unit recombiners is 7.40E-
2*2=148E-1).

Turbine generatoriube oil fires have a total fire ignition frequency of 1.20E-02 and could
be expected to lead to a plant trip for all fires in Unit 2 and unit 3 (Case 2A). Fires at
Unit 1 are expected to result in plant trip (Case 2B). These areas are supplied with
deluge water spray systems. Turbine generator oil fires contribute a total of 3.60E-02 to
fire ignition frequency (1.20E-2 per unit).

Fires at the turbine deck have a frequency of (5.70E-03 + 7.70E-03 =) 1.34E-02 per unit
per year, from turbine generator exciter and hydrogen sources, respectively. Minor fires
on the turbine operating deck of Units 2 and 3 are not expected to require Unit 1 plant
trip (Case 3A 1). The fire frequency of turbine deck fires for unit 2 and 3 is (1.34E-2*2)
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= 2.68E-2. Based on EPRI FEDB-2001, 58% of the fires in this area are minor or the
minor fire frequency is (2.68E-2*0.58) = 1.55E-2. Severe fires on the turbine deck for
units 2 and 3 are assumed to have no impact on Unit 1 (Case 3A-2). 42% of the fires
on unit 2 and 3 turbine deck are severe or the severe fire frequency is (2.68E-2"0.42) =
1.13E-2. The fire frequency of 1.34E-2 is assigned to fires on Unit 1 turbine deck (Case
3B). These fires are expected to result in Unit 1 plant trip.

The remaining fire frequency for turbine building (2.61E-01) is assigned to cover all
other areas (Case 4). Plant trip is not expected for fires in these areas.

Graphically, the event tree for this area can be shown as follows:

Screened
IF=5.59E-01 CASE 1A Recombiners Unit2and 3 (=1.48E-1)
Turbine Trip
CASE 1B Recombiners Unit 1 (=7.40E-2)
Screened
CASE 2A Unit 2 and 3 Lube oil (=2.4E-2)
Turbine Trip
CASE 2B Unit 1 Lube oil (=1.2E-2)
Turbine Deck-Unit2 & 3 Screened
CASE 3A-1  Minor Fire (=1.55E-2)
Turbine Deck-Unit2 & 3 Screened
CASE 3A-2 Severe Fire (=1.13€-3)
Loss of Offsite Power
CASE 3B Turbine Deck - Unit 1 (=1.34E-2)
Screened
CASE 4 Other Areas (=2.61E-1)

Total = 5.59E-01

6.2.10 Yard Areas

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.

The 3 cases of this type of fire described in the FIVE documentation are:
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Case 1.  Yard fire propagating to the Turbine Building. The fire ignition frequency
for a single unit plant is given as 2.60E-03. This fire is modeled as a
reactor trip with MSIV closure.

‘Case 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 5.10E-03. As indicated,
this is modeled as a total loss of all offsite power.

Case 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 or MSIV
closure. The fire ignition frequency given for this type of fire at a single
station is 2.60E-02. Since no material degradation beyond main
transformer failure is indicated, this is modeled as a turbine trip.

The evaluation of this area is described in Table 6-2.10.
6.3 Evaluation of Transient Combustibles

The quantitative phase of the analysis (Section 5) considers engulfing fire in all
compartments and components located within the compartment are assumed to be -
damaged. Therefore, fixed or transient combustible analysis was not necessary. The
compartments which were not screened out initially were then evaluated as part of
detailed evaluation process (Section 6). The unscreened fire areas/compartments
(i.e., 4, 5, 16-1, 16-2, 16-3, 24, 25-1, 25-2 and 25-3) are mostly electrical/switchgear
rooms with the exception of turbine building and some areas in the control building. In
the electrical rooms, the source and targets will generally be electrical cabinets and
cables associated with the same cabinet. Therefore, a source/target evaluation
involving fixed or transient combustibles is not practical. These areas were evaluated
based on the fire severity factors (derived from Reference 3) and their impact on
mitigating systems. The fire frequency for these areas is segmented into a range of
cases, depicting the consequences of minor and severe fires. The transient
combustibles are inherently included in the derivation of fire severity factors
(Section 6.1). Note that the total ignition frequency used in the detailed analysis also
includes contribution of transient combustibles. Therefore, only unscreened Unit 1
reactor Building fire area will be evaluated for transient combustible impacts.

Unit 2 Reactor Building - Evaluation of Transient Combustibles

Transient combustibles are analyzed by applying the total generic fire frequency per
unit to Unit 1 Reactor Building. These fire ignition sources consist of transients (3.60E-
02), cable fires due to welding (1.30E-03) and transient fires due to welding (3 40E-02),
with a total fire ignition frequency of 7.13E-2.

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
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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 Table 6-3.1. Since the 32 gallon trash
bag represents the more restrictive case (i.e., larger range of plume and radiant
exposure damage), this case is used to evaluate all transient combustibles.

Review of the Unit 1 Reactor Building shows that the majority of electrical raceways are
located well above the plume damage height of 12 feet.

The 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.

The frequency of target damage due to plume or radiant exposure 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) determines the probability of transient combustibles
being located within a "damaging effect” range of a susceptible plant component,
cable or other target. 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 1 Reactor Building, the total floor area is listed as 69,277 f2. Assume that
20% of the Reactor Building floor area is occupied up by plant hardware or a net
floor area of 56000 ft2. 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 ft2. For radiant effects, the effective 5 ft. radius
surface area is rounded up to 100 f&. The total exposed surface area of
comporents located within the 5 ft. radius is estimated to be 1500 ft2.

3. Calculation of a probability that the critical amount of transients will be present
between inspections (w). For the Browns Ferry plant, fire hazard inspections are
conducted on no less than a weekly basis (Fw = 52). Based on EPRI guidance, no
less than one noncompliance is conservatively assumed to occur per year (Fec),
even if none have been recorded. w = (X/2) x (In(1/x))

No credit is being taken for suppression. Therefore, probability of suppression
unavailability factor (P) is equal to 1.
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Table 6-3.1 provides the details of calculation for probability of transient combustible
fire exposure.

Table 6-3.1
Probability of Transient Combustible Fire Exposure
Plume Region ERadlant

A xposure
Probability of combustibles being exposed (P) 0.1 0.1
Surface area of targets facing floor/facin
transient (FT?) (As ) ] 1000 1500
Radiant exposure surface area (FT*) (As,) 0 100
Net floor area (FT*) (net area) . 56000 56000
Probability of transient combustibles being
located in range of target (u) (A s + As;)/net 0.018 0.029
area
Frequency of critical combustible present per 1 : 1

ear (Fcc )

Frequency of inspections per year (Fw ) - 52 52
X = FCCL/FW 0.019 0.019
Probability of critical amount of transients
being present between inspections (w) (x/2*In 0.038 0.038
1/x)
probability of target exposure Py = ( Pt )* X (u) : _
X (D) X (W) 6.78E-05 1.09E-04
Transient combustible ignition frequency (total
generic transient fire frequency applied to 7.13E-02 7.13E-02
reactor building)
Frequency of target damage = ( Pfst )* x (u) x
(p) x (W) x ignition freq. 4.84E-06 7.74E-06
TOTAL FREQUENCY OF TARGET DAMAGE 1.26E-05
Highest fixed combustible CCDP (for Transformer TL1A) 6.58E-04
CORE DAMAGE FREQUENCY DUE TO TRANSIENT 8.27E-09
COMBUSTIBLES N
CDF (radiant and plume exposure surface
area = 2000 ft?) 6.36E-09
CDF (radiant and plume exposure surface
area = 3000ft%) ____. 9.54E-09
CDF (radiant and plume exposure surface
area = 4000 {t?) ' . 1.27E-08

* Pi; = Probability of fire suppression unavailability. No credit is taken for suppression.

Due to the uncertainties involved in the surface area of target calculations, a sensitivity
analysis has been performed to assess the impact on CDF estimates. The above table
shows the surface area of targets for radiant exposure was changed to 2000, 3000 and
4000 square feet. The change in the CDF values were then computed. It can be seen
that the transient combustible scenarios still remain screened. Therefore, the transient
combustibles in Unit 1 Reactor Building can be screened from further consideration.
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Consideration of Potential Fire-iInduced Containment Bypass Scenarios

Similar to the review performed in-Section 5.3, fire areas (including fire sources within
Reactor Building) can be screened from further consideration only if fire induced 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. Table 6-4 evaluates all areas for
potential containment bypass scenarios where fire induced core damage frequency is
more than 1E-07. Fire induced LERF is calculated as follows:

Table 6-4
Containment Bypass Scenarios
Ignition .
Fire Induced ..o [Initiating Event Fire Induced
Fire Area CDF '"g\';‘r"’t‘g Frequency (IE) "’(ESF c(ljgp (s';’f;'r‘fg;’;) LERF
(Section 6) (a) ) (bla)*c
1-1-5 1.29E-07 T 5.09E-01 1.51E-07 | 2.97E-07| 6.37E-03 1.89E-09
1-56-2 5.76E-07 1T 5.09E-01 3.51E-05 [ 6.90E-05| 8.77E-04 6.05E-08
1-6-2 1.70E-07 TT 5.09E-01 3.43E-07 | 6.74E-07| 5.20E-03 3.50E-09
1-6-3 1.70E-07 1T 5.09E-01 3.43E-07 | 6.74E-07 ]~ 5.20E-03 3.50E-09
2 (Severe Fire ’
Outside Fire Zone| 2.23E-07 TT 5.09E-01 2.04E-08 [4.01E-08| 9.47E-03 3.80E-10
2-3) ‘
4 (Unsuppressed : : : : 3 A
Severe Fire) 7.59E-07 IMSIV §.70E-02 1.69E-06 | 2.96E-05| 4.69E-05 1.39E-09
5 (Unsuppressed
Severe Fire,
Excluding 7.48E-07 IMS1V 5.70E-02 1.87E-06 | 3.28E-05| 8.84E-05 2.90E-09
Transient)
7 3.56E-07 IMSIV 5.70E-02 1.79E-09 | 3.14E-08| 3.40E-03 1.07E-10
9 (Minor Fire) 1.26E-07 TT 5.09E-01 1.32E-09 | 2.60E-09| 2.09E-02 5.43E-11
9 (Unsuppressed 2 _
Severe Fire) 7.97E-09 TT 5.09E-01 1.22E-06 2.40E-06| 3.29E-04 7.91E-10
16-2 (Severe ’ . 7.59E-09
Fire) 5.16E-07 IMSIV 5.70E-02 2.80E-07 4.92E-06| 1.54E-03 )
16-3 (Case 1A) | 1.18E-07 100V 4.36E-02 1.69E-08 | 3.88E-07 | 2.39E-03 9.27E-10
16-3 (Case 1B) | 5.22E-07 TT 5.09E-01 3.62E-03 | 7.10E-03| 8.16E-06 5.80E-08
25-1 (Transients}|  1.81E-07 TT 5.09E-01 8.92E-07 | 1.75E-06 | 7.43E-05 1.30E-10
25-1 (Other) 3.29E-07 IMSIV 5.70E-02 1.04E-09 | 1.82E-08| 7.77E-02 1.42E-09
25-3 (U1 Turbine
Deck, Case 3B) | 4.52E-07 LOSP 6.43E-03 9.32E-10 | 1.45E-07 | 1.34E-02 1.94E-09
Yard (LOSP) 6.43E-03 LOSP 6.43E-03 9.32E-10 | 1.45E-07| 5.10E-03 7.39E-10

Note: * For Unit 1 base mode!, CDF=1.68E-6, and LERF=1.87E-7, the ratio is 0.111, use 0.411 'x
6.4E-2 = 7.1E-3 for CLERF for Fire Zone 16-3 Case 1B.
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Since each of these areas has a fire-related LERF that is below the cutoff of 1E-7, it
can be concluded that these fires do not result in or cause containment breach
concemns beyond those already addressed in the plant risk model. Therefore, these
areas can continue to be.screened from further consideration.

Tables - Detailed Analysis
The detailed fire sourcef/fire area analysis are provided at the end of Section 6, starting on
the next page.
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Fire Source

1-1-1

480V RMOV Board 1C

PSA MODEL IMPACTS DUE TO FIRE DAMAGE

480V RMOV Board 1C NONE NONE Loop | RHR RHRGT
L.oop | Core Spray Cs HPGTET
RCIC Suppress. Pool Valves SP LPGTET
P50V MOV Board 1C RD ELECT12
RHRSW Pump A2 SW2A MESUPT

Risk Evaluation

5.09E-01

3.49E-06

6.86E-06

5.18E-03

3.55€-08

consideration.

IComments: Electrical components and raceways within the zone of influence of potential fires in 250V RMOV board 1C, as shown in

IAttachment C.2, have been evaluated, based on the walkdown information described in References 24 & 25. 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). Manual
reactor shutdown of Unit 1 is assumed (RPS is guaranteed successful).

Conclusion: Since the fire induced CDF is less than 1E-06, fires attributed ‘to 250V RMOV board 1C can be screened from further
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Fire Source 1-1-2 480V RB Vent Board 1B

PSA MODEL IMPACTS DUE TO FIRE DAMAGE

NONE NONE Containment Atlmospheric CAD MESUPT

480V Ven!t Board 1B Dilution
Core Spray Pump Loop Il CS2BS, CS2DS | * LPGTET
CSIISUP MLOCA
CSIISUP LLOCA
RCIC RCI HPGTET

Risk Evaluation

TT 5.09E-01 1.51E-07 2.75E-07 5.18E-03 1.42E-9

Comments: However, this is a backup to the gear-driven oil supply and has a very minor affect on HPCI performance. Hence, it is ignored.
Electrical components and raceways within the zone of influence of potential fires in the 480V Vent Board 1B, as shown in Altachment C.2,
have been evaluated, based on the walkdown information described in References 24 & 25. This review confirmed that a fire in the 480V
Vent Board 1B could impact conduits that contain cables associated with the Containment Atmaspheric system and The HPCI Auxiliary Oil
system. However, this is a backup lo the gear-driven oil supply and has a very minor affect on HPCI performance. Hence, it is ignored.
Manual reactor shutdown of Unit 1 is assumed (RPS is guaranteed successful).

Conclusion: Since the fire induced CDF is less than 1E-06, fires attributed to Drywell/Torus compressor can be screened from further
consideration.
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Fire Source

1-1-3

250 RMOV Board 1C

PSA MODEL IMPACTS DUE TO FIRE DAMAGE

Fire damaged Compol
" (Direct Impacts)

250V RMOV board 1C

ELCCT12

ELECT12

RHRSW Pump A3 MESUPT
RCIC SP valves LPGTET

Risk Evaluation

5.09E-01

1.43E-07

2.80E-07

5.18E-03

1.45E-9

Comments: The HPCI Pump aux oil system is also affected by this fire. However, this is a backup to the gear-driven oil supply and has a
very minor affect on HPCI performance. Hence, it is ignored. The RHRSW pump A3 is an EECW pump; the fire disables the autosrat. Itis

conservatively failed here,

Conclusion: Since the fire induced CDF is less than 1E-06, fires attributed to Drywell/Torus compressor can be screened from further

consideration.
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Fire Source 1-1-4 Core Spray Pumps 1A and 1C

PSA MODEL IMPACTS DUE TO FIRE DAMAGE

- Fire damaged Compotients
- 777 (Direct Inipacts)

Core Spray Pump Loop | CS LPGTET RCIC RCI HPGTET

Risk Evaluation

T 5.09E-01 8.43E-07 1.66E-06 6.37E-03 1.05E-08

Comments: The Loop | core spray pumps are located in separate quadrants on EL 519 (torus area) of the reaclor building. This quadrant is
widely separated from other quadrants. The amount of combustibles in the torus area is negligible and does not provide continuity for fire
propagation. A fire in this quadrant will thus be confined to this area and will not affect the redundant divisions. The oil contained in these
pumps is in sealed housing. The HVAC equipment for these pumps are also located in the same quadrant up close to the ceiling. The fan
motors are located outside the housing and are relatively small HP. The fire hazards due to these motors are negligible. A walkdown of this
area indicates showed that fires in the core spray pump room 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 (RPS is guaranteed successful). The failtire of core spray
pumps 1A and 1C is modeled by conservatively failing both trains of core spray in top event CS, in addition to failing RCIC top event RCI.

Conclusion: Since the fire induced CDF is less than 1E-06, fires attributed to core spray pumps 2A and 2C can be screened from further
consideration.
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Fire Source 1-1-5 RHR Pumps 1A and 1C

RHR Pumps 1A RPA LPGTET HPCI HP! HPGTET

RHR Pumps 1C RPC LPGTET

Risk Evaluation

TT 5.09E-01 1.03E-05 2.02E-05 6.37E-03 1.29E-07

Comments: The RHR pumps are located in separate quadrants on EL 519 (torus area) of the reactor building. This quadrant is widely
separated from other quadrants. The amount of combustibles in the {orus area is negligible and does not provide continuity for fire
propagation. A fire in this quadrant will thus be confined to this area and will not affect the redundant divisions. The oil contained in these
pumps is in sealed housing. There is no indication of oil leakage in the area. The HVAC equipment for these pumps is also located in the
same quadrant up close to the ceiling. The fan motors are located outside the housing and are relatively smali HP. The fire hazards due to
these motors are negligible. A walkdown of this area indicates that all equipment located in these quadrants are associated with the respective
pumps and HPCI. Therefore, a fire in this area will only affect these two systems. Due to the potential loss of safety related equipment,
manual reactor trip is assumed to occur. The failure of RHR pumps 1A and 1C is incorporated by failing top events RPA and RPC and
adjusting the RPB and RPD split reaction in the plant model.

Conclusion: Since the fire induced CDF is less than 1E-06, fires attributed to RHR pumps 2A and 2C can be screened from further
consideration. ‘
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Fire Source

1-1-6

RCIC Pump

PSA MODEL IMPACTS DUE TO FIRE DAMAGE

RCIC

RCI

HPGTET Core Spray Pump Loop | Cs LPGTET -

Risk Evaluation

TT 5.09E-01

8.43E-07 1.66E-06 3.18E-03 5.27E-09

Comments: The RCIC pump is located in the same area as the Loop | core spray pumps. This case is similar to that of Fire Area 1-1-4 except
the direct impacts and the indirect impacts are reversed.

Conclusion: Since the fire induced CDF is less than 1E-08, fires attributed to RCIC pumps can be screened from further consideration.
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Fire Source 117 HPC! Pump

PSAMODEL IMPACTS DUE TO FIRE DAMAGE

Fite damaged

HPCI HPI HPGTET RHR Pumps 1A RPA LPGTET
RHR Pumps 1C RPC  LPGTET

Risk Evaluation

T | 5.09€-01 3.28E-06 6.44E-06 3.18E-03 2.05E-08

Comments: The HPCI pump is located in the same area as the Loop 1 RHR the direct impacts and the indirect impacts are reversed. The
implementation in the model is identical to that of Fire Area 1-1-5.

Conclusion: Since the fire induced CDF is less than 1E-06, fires attributed to fires in this area are eliminated from further consideration.
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Fire Source 1-1-8 1-LPNL-925-0340 ES Div | & Il Panel

PSA MODEL IMPACTS DUE TO FIRE DAMAGE

Engineered Safeguards Division | * Core Spray Loop I. CS LPGTET
&l N/A

RHR Loop | RPA, RPB LPGTET

RCIC . RCI HPGTET

ADS Valves RVD HPGTET

Recirculation Pump A RPT HPATWS

Vibration and Speed

Risk Evaluation

1T 5.09E-01 6.91E-06 1.36E-05 5.18E-03 7.03E-08

* Turbine trip is assumed. .

Comments: The loss of a recirculation pump will cause a reduction in reactor power. It is assumed that feedwater control adequately
compensates and then a manual shutdown is initiated due to loss of EECS equipment. The loss of electrical support to the ADS valves
does not fail the valves bul eliminates a diverse mean of actuation.

Conclusion: Since the fire induced CDF is less than 1E-086, this area is screened from further consideration.
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Fire Source i 1-241 Core Spray Pumps 1B and 1D

{ PSA MODEL IMPACTS DUE TO FIRE DAMAGE

Mitigatin
st

Core Spray Pumps 1Band 1D cs LPGTET

Risk Evaluation

(IE
TT 5.09E-01 1.40E-07 2.75E-07 6.35E-03 1.75E-09

Comments: Electrical components and raceways within the zone of influence of potential fires in the area of Loop |l Core Spray pumps,
as shown in Attachment C.2, have been evaluated, based on the walkdown information described in References 24 & 25. It is assumed
that the Loss of the pumps resulted in a controlled shutdown.

Conclusion: Since the fire induced CDF is less than 1E-06, fires attributed to Core Spray Pumps 1B and 1D can be screened from
further consideration.
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Fire Source 1-2-2 RHR Pumps 1B and 1D

PSA MODEL IMPACTS DUE TO FIRE DAMAGE

Loop [l RHR RPB, RPD RHRGT

Risk Evaluation

1T 5.09E-01 2.87E-06 5.64E-06 6.35E-03 | 3.58E-08

Comments: Electrical components and raceways within the zone of influence of potential fires in the area of Loop Il RHR pumps, as shown in
Attachment C.2, have been evaluated, based on the walkdown information described in References 24 & 25. It is assumed that the Loss of the
pumps resulted in a controlled shutdown.

Conclusion: Since the fire induced CDF is less than 1E-06, fires attributed to LOOP Il RHR can be screened from further consideration.
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Fire Source

1-341

RCW Pump 1A

PSA MODEL IMPACTS DUE TO FIRE DAMAGE

MESUPT

L8F, L8H

RCW Pump 1A LT-3-208C/D HPGTET
(Panels 25-6-1 and 25-6A) LT-3-56C/D LM (degraded) SIGL
LT-3-58C/D . LV (degraded) SIGL
LT-3-203C/D LVP (degraded) SIGL
PT-3-204C/D NH2 SIGL
Risk Evaluation

e

5.09E-01

1.46E-07

2.88E-07

3.18E-03

9.15E-10

Comments: Electrical components and raceways within the zone of influence of potential fires in the area of RCW Pump 1A, as shown in
Attachment C.2, have been evaluated, based on the walkdown information described in References 24 & 25. It is assumed that the fire resulted
in a plant trip. Indirect failures due to impact on Panels 25-6-1 and 25-6A include loss of instrumentation, level and pressure transmitlers, as

indicated above.

Conclusion: Since the fire induced CDF is less than 1E-08, fires attributed to RCW Pump 1A can be screened from further consideration.
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Fire Source 1-5-1 .| 240V Lighting Board 1A

PSA MODEL IMPACTS DUE TO FIRE DAMAGE

240V LIGHTING BOARD 1A NA NA HPCI | HPI HPGTET
LOOP Il DWS DWS . LPGTET
CAD CAD MESUPT

Risk Evaluation

1T 5.09E-01 4.84E-07 9.50E-07 5.18E-03 4.92E-09

Comments: Electrical components and raceways within the zone of influence of potential fires in the area of Loop Il Core Spray pumps, as
shown in Attachment C.2, have been evaluated, based on the walkdown information described in References 24 & 25.This scenario is
bounded by Fire Source 1-1-8.

Conclusion: Since the fire induced CDF is less than 1E-06, this area is screened from further consideration.
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Fire Source 1-5-2 240V Lighting Transformer TL1A

PSA MODEL IMPACTS DUE TO FIRE DAMAGE

240V Lighting Transformer 1A NA NA HPCI HPI HPGTET

RCIC RCI 1 HPGTET

Loop Il Drywell Spray DWS LPGTET
CAD CAD MSUPT

480V SD Board 1A RQ ELECT12

480V SD Board 2A RS ELECT12

Risk Evaluation

T 5.09E-01 3.35E-04 6.58E-04 8.77E-04 5.76E-07

Comments: Table C.2-1 shows that the damage threshold elevation (Zcrit) of 14.0 feet, This is higher than the ceiling height in this fire zone.
Hence hot gas layer would form. It is conservatively assumed that Transformer TL1A fire would damage all major equipment and cables in this
fire zone.

Conclusion: Since the fire induced CDF is less than 1E-06, this area is screened from further consideration.

102




: NDN1-999-2004-0010
Unit 1 IPEEE Fire Induced Vulnerability Evaluation

__.,.Detailed »’Anal

ysis

Fire Source ) 1-5-3 4kV-480V Transformer TS1A

PSA MODEL IMPACTS DUE TO FIRE DAMAGE

4KV TO 480V TRANSFORMER 480V SDBD 1A VRVQ ELECT12
TS1A

Risk Evaluation

TT 5.09E-01 "1.50E-06 2.95E-06 8.77E-04 2.58E-09

Comments: Electrical components and raceways within the zone of influence of potential fires in the area of transformer TS1A, as shown in
Attachment C.2, have been evaluated, based on the walkdown information described in References 24 & 25. There are no other systems
indireclly affected by the fire. It is assumed however, that fire disables 480V Shutdown Board 1A.

Conclusion: Since the fire induced CDF is less than 1E-06, this area is screened from furiher consideration.

103



NDN1-999-2004-0010
Unit 1 IPEEE Fire Induced Vulnerability Evaluation

Fire Source 1-5-4 4kV-480V Transformer TS1B

PSA MODEL IMPACTS DUE TO FIRE DAMAGE

4KV TO 480V TRANSFORMER | 480V SD BD 2A RS ELECT12
TS1B :

Risk Evaluation

T 5.09E-01 3.31E-07 6.51E-07 8.77E-04 5.71E-10

Comments: Electrical components and raceways within the zone of influence of potential fires in the area of transformer TS1B, as shown in
Attachment C.2, have been evaluated, based on the walkdown information described in References 24 & 25. There are no other systems
indirectly affected by the fire. It is assumed however, that fire disables 480V Shutdown Board 2A. Panel 1PL460 is for the normal supply
breaker to 480V RMQV Board 1C. A fire in this area will only have a minorincrease in CDF.

Conclusion: This area is screened from further consideration.
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Fire Source A "1-5-6 4160V RPT Board 1-1 (Panel 1 and Panel 2)

PSA MODEL IMPACTS DUE TO FIRE DAMAGE

4160V RPT BOARD 1-1, PANEL 1 HPCI HPI HPGTET
AND PANEL 2

RCIC ’ RCI HPGTET

1T 5.09E-01 7.46E-06 1.47E-05 5.18E-03 7.59E-08

Comments: Electrical components and raceways within the zone of influence of potential fires in the area of 4160V RPT Board 1-1 (Panel 1
and Panel 2), as shown in Attachment C.2, have been evaluated, based on the walkdown information described in References 24 & 25. The
other systems indirectly affected by the fire are HPCI and RCIC. The loss of the Recirculation Pumps will cause a power reduction. Itis
assumed the Feedwater Control system does not adequately respond in time and that a feedwater ramp-up occurs. Reactor trip expected due
to power/flow mismatch.

Conclusion: Since the fire induced CDF is less than 1E-06, this area is screened from further consideration.
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Fire Source 1-5-6 4160V RPT Board 1-2 (Panel 1 and Panel 2)

PSA MODEL IMPACTS DUE TO FIRE DAMAGE

4160V RPT BOARD 1-2, PANEL 1
AND PANEL 2

Risk Evaluation

1T 5.09E-01 1.86E-07 3.65E-07 5.18E-03 1.89E-09

Comments: Electrical components and raceways within the zone of influence of potential fires in the area of 4160V RPT Board 1-2 (Panei 1
and Panel 2), as shown in Attachment C.2, have been evaluated, based on the walkdown information described in References 24 & 25.
Conduits 1A-1AT17 and AT19 are connecled to the ATWS trip breaker. Failure of these breakers will put them in the tripped position. The
loss of the Recirculation Pumps (due to RPT board failure) will cause a power reduction. Itis assumed the Feedwater Control system does not
adequalely respond in time and that a feedwater ramp-up occurs. Reactor trip expected due to power/flow mismatch. The CCDP uses the
value for the TT initiator in the base model.

Conclusion: Since the fire induced CDF is less than 1E-06, this area is screened from further consideration.
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Fire Source

1-6-7

RCIC Control Panel 1-25-31

PSA MODEL IMPACTS DUE TO FIRE DAMAGE

.*-'Fire damaged Compor
i -(Direet Impacts):

RCIC Control Panel 1-25-31 NA NA HPCI HPI HPGTET
LOOP Il DWS DWS LPGTET
CAD CAD MESUPT

Risk Evaluation

5.09€E-01

4.84E-07

9.50E-07

5.18E-03

4.92E-09

Comments: Same impacl as 240V Lighting Board 1A (this panel is on the right side of Board 1A). Electrical components and raceways within
the zone of influence of polential fires in the area of Loop Il Core Spray pumps, as shown in Attachment C.2, have been evaluated, based on

the walkdown information described in References 24 & 25.This scenario is bounded by Fire Source 1-1-8.

Conclusion: Since the fire induced CDF is less than 1E-06, this area is screened from further consideration.
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Fire Source 1-5-8 Panel 26-3 (Filter Demin)

PSA MODEL IMPACTS DUE TO FIRE DAMAGE

' fiuré' démaéqd Comp T

.(Direct impacts

Panel 25-3 (Filter Demin) NA NA

Risk Evaluation

T 5.09E-01 0.00E+00 0.00E+00

5.18E-03

0.00E+00

Comments: Panel 25-3 fire will not cause a reactor trip. Also, cable trays abave the panel in ZOl have no PRA impact.

Conclusion: Since the fire induced CDF is less than 1E-06, this area is screened from further consideration.
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Fire Source 1-6-1 4kV-480V Emergency Transformer TS1E (Oil)

PSA MODEL IMPACTS DUE TO FIRE DAMAGE

RCI

4kV-480V Transformer TS1E NA NA RCIC HPGTET
250V RMOV Board 1A RB ELECT12
480V RMOV Board 1A RE ELECT12

Risk Evaluation

TT 5.09E-01 1.67E-05 3.27E-05

8.75E-04

2.86E-08

Comments: Electrical components and raceways within the zone of influence of potential fires in the area of Emergency Transformer TS1E,
as shown in Attachment C.2, have been evaluated, based on the walkdown information described in References 24 & 25, There are no direct
failures due to loss of Transformer TS1E. Indirect failures impact systems RCIC, 250V RMOV Board 1A, 480V RMOV Board 1A, ATWS
Initiation Channels A & B (not required), Signal Cable for VFD (no adverse PRA impact), Narow Range Torus Level (no PRA impact). The loss
of the Recirculation Pumps will cause a power reduction. Reactor trip expected due to power/flow mismatch. It is assumed that the loss of the

pumps resulted in a controlled shutdown.

Conclusion: Since the fire induced CDF is less than 1E-06, this area is screened from further consideration.
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Fire Source 1-6-2 VFD 1A (Panel)

PSA MODEL IMPACTS DUE TO FIRE DAMAGE

Variable Frequency Drive 1A NA NA RCIC | RCI HPGTET
(Panel) - .
250V RMOV Board 1A RB ELECT12
480V RMOV Board 1A RE ELECT12

Risk Evaluation

1T 5.09E-01 1.67E-05 3.27E-05 5.20E-03 1.70E-07

Comments: Electrical components and raceways within the zone of influence of potential fires in the area of Recirculation Pump VFD 1A
Panel, as shown in Attachment C.2, have been evaluated, based on the walkdown information described in References 24 & 25. Impact of this
fire is bounded by Fire 1-6-1. Indirect failures impact systems RCIC, 250V RMOV Board 1A, 480V RMOV Board 1A, ATWS Initiation Channels
A & B (not required), Signal Cable for VFD (no adverse PRA impact), Narrow Range Torus Level (no PRA impact). The loss of the )
Recirculation Pumps will cause a power reduction. Reactor trip expected due to power/flow mismatch. It is assumed that the loss of the pumps
resulted in a controlled shutdown.

Conclusion: Since the fire induced CDF is less than 1E-06, this area is screened from further consideration,
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Fire Source ‘ 1-6-3 VFD 1B (Panel)

PSA MODEL IMPACTS DUE TO FIRE DAMAGE

Variable Frequency Drive 18 NA NA RCIC RC! HPGTET
(Panel) _
250V RMOV Board 1A RB ELECT12
480V RMOV Board 1A RE ELECT12
Risk Evaluation |

TT - 5.09E-01 1.67E-05 3.27E-05 5.20E-03 1.70€-07

Comments: Electrical components and raceways within the zone of influence of potential fires in the area of Recirculation Pump VFD 1B
Panel, as shown in Attachment C.2, have been evaluated, based on the walkdown information described in References 24 & 25. Impact of this
fire is bounded by Fire 1-6-1. Indirect failures impact systems RCIC, 250V RMOV Board 1A, 480V RMOV Board 1A, ATWS Initiation Channels
A & B (not required), Signal Cable for VFD (no adverse PRA impact), Narrow Range Torus Level (no PRA impact). The loss of the
Recirculation Pumps will cause a power reduction. Reaclor trip expected due to power/flow mismatch., It is assumed that the loss of the pumps
resulted in a controlled shutdown.

Conclusion: Since the fire induced CDF is less than 1E-06, this area is screened from further consideration.
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) c. . it -

_Fire Compa,rtments' - - -2 - | Unit2 Reactor Buﬂdmg _.

§ E - , PSAMODEL IMPACTS DUE TO FIRE DAMAGE

'4'80V RMOV Board 2C . ~' ) pov JRIL o El“:E__G_ZT1 2;. gG B Breakerto" SDB 4kV GB ELECT12
480V RMOV Board éD . L . o RK . E_LE;:.T1;'Z: - gG C Breaker tg SDB 4kv GC ELECT12
480V RI\.IIOV Board 2E = ‘RL . E.-LECT12;.'_ 'gG D Breaker ﬁ) SDB4kV |- GD ELECT12
250V R.MOV Board 2C ' .' RD : ELEC.T12 ’ Battery Chargerf 2A DH ELECT12

Risk Evaluation

. TT " .| 5.09E-01 . 6.54E-05 . "~ 1.29E-04 - 1.27E-01 1.64E-05

Comments: A bounding case run was evaluated for potential fires in the Unlt 2 Reactor Bunldmg Turbine Trip of Unit 1 is assumed. This fire
scenano Is modeled as mmator F2in RISKMAN : . . i

N

Conclusion: Smce the fire induced CDF is more than 1E-06, fres in the Unit 2 Reactor Buulding will be further evaluated in Table 6-2.2 (a).
This evaluation is conservative in that all fires damage all significant cables that are assumed to transit through the area regardless of their
separation from each other, severity of fires, availability of manual or automatic suppression, etc.
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| unit 2 Reactor Buitding

Fire Compartments .
) ) PSA MODEL IMPACTS DUE TO FIRE DAMAGE

vents
CASE 1: Fre In Fire Zone 2.3 AT T - EiceTs
U2 Preferred AC Transformel; ;;1 1?;:; Ea\:/t::tess; fire (Fails GB, GC, GD and DG D Breaker to SDB 2kV D GD ELECTI2
Battery Charger 2A DH ELECT12
L . CASE 2a: Minor Fires in U2 RB (Other than 2-3)
- : - | - . No plant trip. Screened from further consideration.
480V RMOV B 2C RJ . N
oard ELECT12 Case 2b: Severe Fires in U2 RB (Other than 2-3)
480V RMOV Board 2D RK_. ELECT12 U1 Reactor trip Is assumed. Fire d RJ, RK, RL, and RD t
480V RMOV Board 26 RL ELECT12 pis asgumed. Fire damages RJ, RK, RL, and RDtop
250V RMQV Board 2C RD . ELECT12

Risk Evaluation

T 5.09E-01 1.42E-07 2.80E-07 8.94E-04 2.50E-10

N/A N/A N/A NJ/A 1.17E-01 N/A

1T 5.09E-01 1.20E-05 2.35E-05 9.47E-03 2.23E-07
TOTAL 1.27E-01 2.23E-07

Comments: As stated in Table 6-2.2, that all fires are assumed to damage safety related/PSA modeled cables that are assumed to transit through
the area regardless of their separation from each other, severity of fires, manual or automatic suppression, etc. It is realized that not all fires in the
Reactor Building will be severe. Review of fire events database (FEDB-2001) indicates that 7.5 % fires In the reactor building are severe, See Table
6-1 (c). Turbine trip initiating event (TT) is used for Unit 1 due to the severe fires. The minor fires can be screened from further consideration.
Case 1 models U2 preferred transformer fire (frequency 8.94E-04, taken from Unit 2 IPEEE analysis, Rev, 1) in fire zone 2-3. Case 2a models
minor fire in the rest of the U2 Reactor Building (frequency (1 27E-1 8.94E-4) x (1-0.075) = 1.17E-1), which is screened. Case 2b models severe
fire in the rest of the U2 Reactor Building (other than fire zone 2-3) with an ignition frequency: (1. 27E—1 8.94E-4) x 0.075 = 9.47E-3). Case 1was
modeled as initiator F2C1, and Case 2 as F2C2 in RISKMAN.

Conclusion: Since the fire induced CDF is less than 1E-06, fires in the Umt 2 Reactor Building can be screened from further consideration.
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~
IR
-

4 ora

" | Unit 3 Reactor Building

' PSA MODEL IMPAGTS DUE TO FIRE DAMAGE |

Unit 3 Shutdewn Bd A3EC T ELECT3

Unit 3 Shutdown Bd A3ED A3ED ELECT3

480V Diesel Aux. Bd 3EB RP ELECT3

480V Shutdown Board 3A -, . RX . ELECT3 .,

480V ShutdownBoard3B . - , - - | .  RY - <[ = ELECT3 -

Diesel Generator 3A, 3B,3C, 3D -] GE, GF, GG, GH ELECT3 ~

4KV Shutdown Board 3EB control . iDF ELECT3 .,

batteries, charger (SB-3EB) ) Ty e )
v ) . | Shutdown Bus Recovery SDREC ELECT3
- . . 250V DC DIV 1l Control Power CPREC ELECT3
. : Recovery ‘

i . Risk Evaluation

1T 5.09E-01 3.77E-07 - - T.40E-07 . - 1.26E-01 9.36E-08

Comments: Browns Ferry Unit 3 is an operating unit and contains equipment supporting unit 1. This support is factored in the Unit 1 PSA model. A bounding
case was evaluated for potential fires in the Unit 3 Reactor Building. It was assumed that the equipment located in any of the fire areas within Unit 3 Reactor
Building (fire areas 12, 13, 14 and 15) could potentially fail, since the associated cables may transit through the Unit 3 Reactor Building to Unit 1. In addition,
equipment located in the Diesel Generator Building (fire area 21) is also assumed damaged, since the power cables for diesel generators may transit through
the Unit 3 Reactor Building on their way to Unit 1. Turbine trip (TT) for Unit 1 was assumed. This case is modeled by initiator F3 in RISKMAN.

Conclusion: : Since the fire induced CDF is less than 1E-08, 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. )
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I

CASE 1 -MINOR FIRE

ELECT12

) CASE 2 -SEVERE FIRE

{

o See Section 5.1.4 Quantitative Evaluation

' " Risk Evaluation

5.09E-01 3 6.46E-07 127607 - : 1.81E-02 2.29E-08 °
IMSIV 570E-02 9.22E-04 1.62E-02 1.34E-03 2.17E-05
' TOTAL 1.94E-02 2.17E-05
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Comments: 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.

Case 1: Evaluates a minor fire in the area ywhich is assumed to start In 4KV shutdown board B. The fire is then suppressed manually or allowed to burn out.
Turbine trip (TT) is assumed for Unft 1." Case 1 is designated as initiator F4C1 in-RISKMAN model.

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 da damage all componentfs in the area, including the interties with shutdown buses 1 and 2. Reactor tnp with MSIV closure (IMSIV) was assumed for Umt 1.
Case 2 is designated as initiator F4 in RISKMAN model. . :

Conclusion: Since the total core damage frequency for both of these cases §s more than 1E-06, fires in thrs area will be further evaluated in Table 6-2.4 (a)

)
[

Fire Hazards Evaluation: : '

Fire area 4 was further analyzed to determine the compartment temperatures based on typical heat release rates of a single electrical cabinet in a conﬁned
space. The evaluation accounted for the volume of the room and thermal heat sink of the concrete structure to assess the upper layer hot gas temperatures,
The hot gas layer temperature was estimated using the NIST fire model FAST Version 3.1.7 for a single compartment Followung parameters were used to
quantify the fire model: -

Compartment Size = 24 ft x 50 ft

Ceiling Height = 10 ft L

Door Undercut =4 ftx 1 inch (doors closed) - -

Fire Parameters: Slow fi ire, level to peak at 190 btu/sec within 600 seconds; No decay. Unconstramed (fueLcontroIled)

Fuel Height =6 ft. ..
Simulation = 1800 seconds : . ) . -
Initial Room temperature = 80 deg. F : !
Outside temperature = 95 deg F

. The results show that the upper layer hot gas temperature remains around 210 deg. F for the postulated fire scenario. This is below the damage temperature
for non-qualified cables.
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.0 ' 300 : 80 4kV Shutdown Board Room B
100 : 323 o122 Upper Layer Temperature .
200 - 338 149 '
300 - 350 170
l 400 355 179
+ 500 358 185 iy
; _ , = 4
‘. 388 gg§ 13‘2[ g —— (U'pi_;:er Layer Temp .
. . . 800 . 366 199 . a
900 1366 200 s
1000 367 201
: 1100 368 : 202
1200 : 368 203
1300 369 204 _
| 1400 . . 369 © 205 Time (sec]
1500 369 206
1600 370 206
1700 ° . 370 207
- /_ . e . ' .
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lanition Freqitency Severity N | Manual Suppression {fire brigade)
L Case 1 : - :
" " g : ' (Suppressed/Unisuppressed)
IF=3.40E-3 Minor Fire (4kV SD Bd B CCDP = 1.27E-6
0.931
Case 2 . Suppressed = 1- 0.2
Severe Fire (Enqulifing) .| CCDP = 1.27E-6 (similar to Case 1)
i 0.069 - )
M oL P N Unsuppressed* = 0.2

- S T CCDP = 1.62E-2

*The probability of manual non-suppression (PNS) factor is taken from NRC draft Fire Protection Significance Determination Process (SDP), Appendix F. Fire
propagation beyond the cabinet is assumed to take 15 minutes and fire is detected in 3 minutes by the installed smoke detectors. This Is conservative, since using the
NUREG 1805 spreadsheet, the detection time Is Iess than a minute for a 200 kW HRR For a difference of 12 minutes, the electrical fires mean non-suppression
curve shows a PNS factor of 0.2, - ) , '

Minor Fire
(Suppressed or

unsuppressed) - | - r .| . soeE01 - | -edbEo07 | 1.27E-08 | 3.40E-03 0.93 N/A 4.02E-09

Severe Fire : ] . L
(Suppressed) . ' 1T 5.09E-01 : 6.46E-07 1.27E-06_-| 3.40E-03 0.07 0.80 2.38E-10

Severe Fire R
(Unsuppressed) IMSIV . 5.70E-02. 9. 225-04 1.62E-02 3.40E-03 0.07 0.20 7.58E-07

SUM 7.64E-07

Comments: Neglecting the contribution of transient combustibles due to adequate plant control procedures, the ignition frequency in the area is based on electrical
cabinets which is 3.40E-3 (Appendix B). ‘Assume that the fire starts in 4kV SDBD. A minor fire affects the 4kV board only, whereas, a severe fire affects all other
components in the room.

Conclusion: Since the total core damage frequency for these cases Is less than 1E—06, fires in this area can be screened from further consideration.
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Fire Area | 5 . ) | 4kV Shutdown Board Room A and 250V Battery Room (Unit 1 RB, EL 621')

PSA MODEL IMPACTS DUE TO FIRE DAMAGE

: CASE 1 - MINOR FIRE -
4kV Shutdown Board A I AA | ELECT12 |

CASE 2-SEVEREFIRE
See Section 5.1.5 Quantitative Evaluation

Risk Evaluation

itlating Event

TT 5.09E-01 3.83E-06 7.53E-06 : . 2.19E-02 1.64E-07 _
IMSIV 570E-02 4,82E-04 . 8.46E-03 1.72E-03 1,46E-05 ’
- " TOTAL ' 2.36E-02 1.47E-05
!
!
}
i : '
] ! 1
! ; :
i . E
| d
1
: ) /" T - :
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Comments: Review of the results from the screening quantification of this area (see Section 5.1.5) 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 [s used to supply the shutdown board at any time, with the other circuit
breaker open. Given this situation, the most credible fallure 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.
Case 1: Evaluates a minor firein the area which is'assumed to start in 4kV shutdown board A. The fire is then suppressed manually or allowed to burn out.
Turbine trip (TT) is assumed for Unit 1. This case is modeled as initiator FSC1 in RISKMAN,

Case 2: A fire starts anywhere in fire area 5 and is éventually 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. The fire is then suppressed manually or allowed to burn out.
Reactor trip with MSIV closure (IMSIV) is assumed for Unit 1. This case is modeled as initiator F5 in RISKMAN.

Conclusion: Smce the total core damage frequency .for.both of these cases’é more than 1E-06, fires in this area will be further evaluated in Table 6-2.5 (a).

- Ceme
B - R

Fire Hazards Evaluation: . ' !

Fire area 5 was further analyzed to determme the compartment temperatures based on typical heat release rates of a single electrical cabinet in a confined
space. The evaluation accounted for the volume of the room and thermal heat sink of the concrete structuré to assess the upper layer hot gas temperatures,
The hot gas layer temperature was estimated using the NIST fire model FAST Versuon 3.1.7 for a single compartment. Following parameters were used to
quantify the fire model: .

Compartment Size = 25ftx65ft |

Ceiling Height= 17 ft

Door Undercut = 4 ft x 1 inch (doors closed)

Fire Parameters: Slow fire, level to peak at 190 btulsec within 600 seconds; No decay; Unconstrained (fuel controlled);

Fuel Height = 6 ft.

Simulation = 1800 seconds

Initial Room temperature = 80 deg. F

Outside temperature = 95 deg F

.| The results shown on the followmg sheet.indicate that the upper Iayer hot gas temperature remains around 155 deg. F for the postulated fire scenario, Thisis
below the damage temperature for non-qualified cables. . . ; -
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0 - 200 80 4kV Shutdown Board Room A
" 1100 307 93 , '}Jpper Layer Temperature
1200 314 107 ; '
.300 - 323 122
400 328 132
500 332 138 :
. _6188 ggg 1:2 —— (Lgaer Layer Temp
: 800 : , 337 148
900 338 149
1000 339’ 150
1100 339 151
1200 340 152 ‘
1300 ‘ 340 153 . .
1400 341 154
“1500 341 154
1600 341 155
1700 342 155
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Ignition Frequency | Severity Manual Suppression (fire brigade)
~. | Case 1 , .
— . - (Suppressed/Unsuppressed)
IF=6.06E-3 Minor Fire (4kV SD Bd A) CCDP =7.53E-6
' 0.927:" )
Case 2 Suppressed = 1- 0.2
Severe Fire (Engulfing) CCDP = 7.53E-6 (similar to Case 1)
.0.073 . - - - i .
.. ) Loee. S .7 Unsuppressed* = 0.2
1 . ; s .- . CCDP = 8.46E-3
- - : :
|

*The probability of manual non-suppression (PNS) factor is taken from NRC draft Fire Protection Significance Determination Process (SDP), Appendix F.

Fire propagation beyond the cabinet is assumed to take 15 minutes and fire is detected in 3 minutes by the installed smoke detectors, This is conservative,
since using the NUREG 1805 spreadsheet, the detection time is less than a mmute for a 200 kW HRR. For a difference of 12 minutes, the electncal fires
mean non-suppressuon curve shows a PNS factor 0f0.2, -

Minor Fire-
(Suppressed or ) : . . .
unsuppressed)- . T .5.09E-01 "3.836-06° | 7.53E-06 .| 6.068-03 |- 093 N/A 4.23E-08
Severe Fire : : o
(Suppressed) T 5.09E-01 3.83E-06 ° 7.53E-06 6.06E-03 0.07 0.80 2 66E-09
Severe Fire ’ ’ ) ) '
(Unsuppressed) IMSIV - 570E-02 4.82E—04 8.46E-03 6.06E-03 0.07 0.20 7.48E-07
SUM 7.93E-07

Comments: Neglect the contribution of transient combustibles due to adequate plant control procedures. Slnce the batteries are isolated in separate rooms
within the area, a fire in the battery rooms Is likely to be confined to these rooms and not affect the electrical switchgear in the fire area, The ignition
frequency in the area is now revised to include ali components except transients and the batteries. Assume that the fire starts in 4kV SDBD A. A minor fire
affects the 4kV board only, whereas, a severe fire affects all other components in the room.
Conclusion: Since the total core damage frequency for these ‘cases is less than 1E-06, fires in this area can be screened from further consideration.
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Fire Area - 7 " -1 480V Shutdown Board Room 1B (Unit 1 Reactor Building, 621' Elevation)
) PSA MODEL IMPACTS DUE TO FlRE DAMAGE '

CASE 1 - SEVERE FIRE -

See Section 5.1.7 Quantitative Evaluation

E : . Cl Risk Evaluation

IMSIV 5.70E-02 5.96E-06 . 1.05E-04 340E-03 | 3.56E-07

) 'TOTAL 3.40E-03 3.45E-07

Comments: In Section 5.1.7, an engult’ ing fire scenario (RISKMAN initiator F7) was developed which fails all the equipment and cables in
this area. Thls fire scenario represents a severe fire in the area. A minor fire scenario could have been developed by assuming only 480V
Shutdown Board 1B catches fire and the fire is suppressed (but still the board fails). As discussed in Section 5.1.7, failure of 480V Shutdown
Board 1B wlll cause failure of 480V RMOV Board 1B, and also causes failure of crosstie of Unit 2 RHR loop | to Unit 1 RHR loop II.
Essentially, this "minor” fire scenario would have comparable impact and CCDP with the severe fire in Area 7. Hence, distinguishing the fire
frequency between severe and "minor” fire would not reduce the CDF for this area. s

| j . .
However, the administrative control would make transient fire in this area not credible. We use the total cabinet fire iniliating frequency
(3.40E-3) as the fire initiator frequency for Fire Area 7. Please note based on Attachment B, frequency calculation, Area 7 fire frequency
(total of 1.92E-2) consists only of transient fire frequency and electric cabinet fire frequency (3.40E-3). We assume this fire is a severe fire,
with CCDP of 1.01E-4 (same as in Section 5.1.7). The total CDF from this are is then 3.45E-7.

Conclusion: Since the total core damage frequency in this area is less than 1E-06, fires in this area can be screened.

-—_ - +
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Fire Area  ~ . ' -9 .| 4kV Shutdown Board Room C and 250V Battery Room (Umt 2RB, EL 621')

PSA MODEL IMPACTS DUE TO FIRE DAMAGE

l

E
Z
o)
2
o)
A
m

.- .:,7' . . K CASE 1’

4kV Shutdown Board C- .AC ELECT12 T -"- -

- CASE 2 - SEVERE FIRE - Engulfing Case

~ See 5.1.9'Quantitative Evaluation

Risk Evaluation e

.lmﬂating Even

TT 5.09E-01 | 3.08E-06 6.05E-06 2.09E-02 ° 1.26E-07

TT 5.09E-01 | 3.11E-04 6.12E-04 1.65E-03 1.01E-06

. ” - TOTAL - . 226E-02 1.13E-06
Comments:

Case 1: Evaluates a minor fire in the area which is assumed fostarti ln 4kV shutdown board C Smoke detectors are installed in this area
and will provide early wamning. The fire is then suppressed manually Turbine trip initiator is assumed for Unit 1. This case is modeled as

F9C1 in RISKMAN.
Case 2: Severe fire in this area, this is the same engulﬂng case in the screening analysis (RISKMAN initiator F9).

Conclusion: The total core damage frequency for these cases is sllghtly above 1E-06. Therefore this area will be further evaluated in

Table 6-2.7 (a) ; :
. l|

i
.
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Jed Analysis

1

Manual Sug‘ gressloﬁ (fire brigade)

‘[SuppressedlUnsuppressed)

lgnition J
Frequency Sever'mf
Case 1 .
IF=2.26E-2 | Minor Fife (4kV SDBd C)
- 0.927
CaseZ
~ Severe Fire (Engulfing)

;CCDP 6. 05E—6

!

0.073

*The probability of manual non-suppression (PNS) factor is taken
from NRC draft Fire Protection Significance Determination Process
(SDP), Appendix F. Fire propagation beyond the cabinet is assumed
to take 15 minutes and fire is detected in 3 minutes by the installed
smoke detectors. This is conservative, since using the NUREG 1805
spreadsheet, the detection time Is less than a minute for a 200 kW
HRR. For a difference of 12 minutes, the electrical fires mean non-
suppression curve shows a PNS factor of 0.2,

'Suppressed 1-0.2
CCDP = 6.05E-6 (similar to Case 1)

Unsuppressed* = 0.2
CCDP =6.12E-4 (similar to Case 2)

Minor Fire
(Suppressed or
unsuppressed) T 5.09E-01 3.08E-06 6.05E-06 2.26E-02 0.93 N/A 1.26E-07
Severe Fire : '
(Suppressed) 1T 5.09E-01 3.08E-06 6.05E-06 2.26E-02 0.07 0.80 7.97E-09
Severe Fire . .
{Unsuppressed) TT 5.09E-01 3.11E-04 6.12E-04 .2.26E-02 - 0.07 0.20 2.02E-07
. SUM 3.36E-07

conservative.

Comments: The ignition frequency used in thls calculation is the total area ignition frequency including transient and batteries, which is

- /

Conclusion: Since the total core damage frequency for these cases is less than 1E-08, fires in this area can be screened.
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.3 .. . -

Fire Area - | '16-1 | Control Building - 593' Elevation -

| _PSA MODEL IMPACTS DUE TO FIRE DAMAGE -

i CASE 1 - MINOR FIRE (Aux Inst. Rooms or Computer Rooms)
Total loss of Feedwater . Subsumed within .
- . - ) -| -+ -nitiator TLFW e f !
N " <" " - CASE2-SEVERE FIRE (Auxinst.Rooms or Computer Rooms)
MSIV Closure ; . |- Subsumed within . o
‘ initiétor IMSIV 5 ,
HPCI ] i - HPI C HPGTET '
) CASE 3 - FIRE in Other Areas (Mech Equip. Room, Process Computer Room, Communication Room) No Plant Trip)
None requiring plant trip ' [ . | ] | ‘ [

' Risk Evaluation

Initiating Event

A

TLFW 2.58E-02 4.45E-08 1.73E-06 8.71E-03 1.50E-08

IMSIV : - 5.70E-02 9.74E-07 ' - 1.7T1E-05 . 7.27E-04 1.24E-08

_NIA -~ NA ' . NA .. - NA - . i 2.83E-02 N/A
TOTAli 3.78E-02 2,756E-08

Comments:

Case 1: Evaluates a minor ﬁre in the Unit 1 Aux Inst. Room or the Umt 1/2 Computer Room which is assumed to result in loss of all feedwater,
Evaluated with initiator TLFW. This case is models as initiator F16_1C1 in RISKMAN.

Case 2: Evaluates a severe fire in the Unit 1°Aux. Inst. Room or the Unit 172 Computer Room which is assumed to result in MSIV closure and loss of
HPCI. This case is models as initiator F16_1C2 in RISKMAN,

Case 3: Fire in these areas do not affect any Umt 1/2 mitigating systems and will not result in plant trip.

There are new cables routed in this fire zone. All but one cable was screened based on satisfying one 'of two rules:
1. The cable connected to only Unit 2 equipment.

2. The cable was connected to the remote shutdown board of either unit. Credit for remote shutdown is not taken.

: 126




NDN1-999-2004-0010 :
Unit 1 IPEEE Fire Induced Vulnerablllty Evaluation

There was one cable left unscreened. This cable connected a Unit 1 panelwith a Unit 2; both panels were suppression pool #1 information panels.
These panels are not explicitly modeled. We note that the #2 informatlon panels are undamaged. Based on these facts, the new cables have no affect
on Unit 1. .

Conclusion: Since the total core damage freqUency for these cases is less than 1E-06, fires in this aréa can be screened from further consideration,

Fire Hazards Assessment:

SMOKE DETECTOR ACTIVATION AND SMOKE STRATIFICATION !

The upward movement of the smoke in the plune is dependent on the smoke being buoyant relative to'the
surroundings. : Given the physical configuration'(fire sources and detector location), following correlations can
be used to determine the time to detector actuation and smoke stratification possibility.

References:
1. NFPA 7'2, Fire Alarm and Detection System.: Y
2. NFPA 92 B, Smoke Management Systems. i ’ ’
3. Fire Technology, Aug 1990, Smoke management of Covered Malls and Atria. !
4. Fire Technology, May 1991, Letters to editor

Ceiling Mounted Smoke Detector Response
For radius-to-ceiling height ratios less than approximately 0.6, the temperature rise of the smoke can be estimated

as function of time based on theoretical generalizations of the limited amount of experimental data. For X < 100:

X= 4610y + 2.7*10"%Y®
where .
= Q'R H?
= DT*H* 1 Q>

and where;

t = time from ignition (sec)

Q = heat release rate (steady fire) (Btufsec) "~~~
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t

H = ceiling height above fire surface (ft) . - - N ’
DT = Temperature rise of gasses within ceiling et (°F) )

Stratification of Smoke - C -

Assuming the ambient temperature increases Imearly with increasing elevation, the maximum rise of the plume

is dependent on the convective portion of the heat release rate of the fire and temperature change from floor to ceiling.

Hirax = 74Q.7°DTo >®

where . | . ... .

T . ST i Q Convectrve portlon ‘of the heatTelease rate (Btu/sec) (approximately 70% of total heat release rate)

) DTo = dlfference between amblent temp. at cellmg and ambient temp. at the level of fire surface (°F)

Description:”

Data
Height (H): - 12
Temperature rise within ceiling jet (DT) (Temp rise requured for smoke detector activation): 18
Heat release rate (Q): ¢ 50
Difference between ambient temp. at ceiling and ambient temp. at the level of fire surface (DTo): 30
Convective heat release rate (Q.) (Q*0.7): 35
. Y= . 83.42 :
} ) : X= i . 3.20 : L .
v -| Activation time for smoke detecfor (t)= . . <L 24 Seconds
] 2
Maximum Smoke Height (me) = . } 40 Feeat
(Activation time @Q=100 Btu/s is 8 se¢c; @190 Btu/s is 3 sec)
. - . ; Minutes (based
Fire Brigade manual Response = ) 5to 10 on fire drills)
. ‘ : ! Minutes (based
' v 15 on industry tests)

Fire Damage to Adjacent Cabinet =
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! ‘ [
i .
!

y Subsumed within i . , _
Total loss of Feedwater initiato r'TLFW : !
‘HPCIRCIC/CS failure)
- Subsumed within ‘

[MSIV Closure Initiator IMSIV

HPCI . HPI HPGTET .

RCIC : RCI HPGTET

Core Spray (O] LPGTET '

.' % RiskEvaluation :

TLFW . 2.58E-02 4.45E-08 1.73E-08 1.05E-02 © 1.81E-08
HIMSIV 570E-02 _| . 1.91E05 - 3.35E-04' 1.54E-03  5.16E-07
: ; S P TOTAL ® - 1.20E-02 5.35E-07

raqe is modeled as initiator C16 2C2in RISKMAN
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CABLE SPREADING ROOM FIRE PROPAGATION ANALYSIS i

“ R |
A fire in the CSR is expected fo be sIowgrowmg at least initially, andif not controlled may become

medium or fast growing fire. Itis intended to detect and suppress the fire while still in the slow growth phase.

A slow growth fire is defined as a fire which takes 400 or more seconds from the time established buming takes
place until the fire reaches a HRR of 1000 Btu/sec. If the fire has to be. limited to_a maximum of 300 Btu/s
(design objectlve), i.e., the fire may have caused limited damage to one or two cable trays, the time to detection
and suppression can be evaluated. The following calculation evaluates lf the design objective is met by the
installed fire suppression and detectlon systems :

Input Parameters (metric units)

Ceiling Height (m): l 3.1 : 10.01t -

IAmbient Temp. (C) ' 20 !

Growth Time (s) ' ' N 400. (slow fire) -

HRR (KW) . - ' "~ . 1055 -(1000 Btu/sec reéched in 400 sec)

Power Law "p" . 2 .

HRR (KW) ' . 315 (Design objectlve 10 llmlt fire size to 300 Btu/sec)
Radial distance to Detector (f) m - . 34 - : 11.0ft

Radial distance to Sprinkler (f) m - 1.54 - ) : 5.0t

Height of Ceiling Above Fire (H) m 2.47 8.0ft

Slow Fire Intensity Coefficient
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i 0.0066 kW/s? , -

t (sec) = 219Sec
Laq Time Associated with Fire Detection =~ : 'g

The total lag time (Lagpume + Lageeinng jet) can be calculated as follows:
(Mowrer, F.W.. "Lag times associated with suppression and detection®, Fire Technology, Vol 26, No 3, 1990)

(14r+02H) R
(00280,]-])1/5

Equatzon3

t(sec) = 24Seconds

Time to Detection (English Units) ' : :

(See FHA for Compartment 16-1 for References and associated information)
il
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. Description: T . . R ' . " . Data

Height (H): . - . - . 10
* [Temperature rise within ceiling jet (DT).(Temp. rise required for smoke detector activation): ! 18

t—leat release rate (Q): o : © 300

Convective heat release rate (Q) (Q*0.7): . - 210

Y= 18.64
X= 0.16 , '
Activation time for smoke detector () = } 1Second
Time for Sprinkler Activation’ L. Lo e
- S .‘ Data

_ength (radial distance) of sprinkler from fire source centerline (L) ft.: L . ] 5

Width (Distance between beams) (W) ft. ‘i : : T 8

Distance from fire source to cellmg (z) 0| SERE ) ) . 8

Detector (spnnkler) actuation temperature (Td) (°F) ' 165

Time Constant (TC) seconds (Ref: Table A-6E, EPRI FIVE Document for Quick Response) - 30

Heat release rate (Q) Btu/sec (design Objective) , 300

Plume temperature rise CF) (Equation 2) '. 476

Ceiling Jet temperature rise factor at sprinkler (Ref: Table 6A/6B EPR! FIVE Document) - 04.

Ambient Temperature OF) . o : 100
. [Femperature rise at target (°F) S .- e ' o 190

Temperature at target (°F) : : ' T ST 290

- e, =
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"

td/ T= ) (dimensionless actuation time, Equation 1) 0.42

Estimated time for sprinkler actuation (ts) (seconds) ' 13
Conclusion . ‘

[The above evaluation shows that for slow growing fires, time to reach 300 Btu/sec fire size is 219 seconds, whereas
time to detect and activate sprinklers is no more that 50 seconds. Therefore, it can be concluded that fires in

the CSR can be detected and suppressed well before critical conditions are reached. Even for medium (300 sec)

land fast (150 sec) developing fires the time to reach 300 Btu/sec is 164 seconds and 82 seconds. The sprinkler
system s expected to control such fires. '

'




Eal i

“
oo
ra~

- Unit:

- S

1 NDN1-999-2004-0010
1 IPEEE Fire Induced Vulnerability Evaluation

y

Fire Area ' -

Control Building - 617’ (Control Room)

SA MODEL IMPACTS DUE TO FIRE DAMAG

. - . CASE 1A -Critical Cabinet (Panel 1-9-3) Suppressed

e

-MSIV Closure

Room

0.064

.- ‘Wo. - ¢« HPGIET™-
RCIC RCI HPGTET- ™ -
SORV Subsumed within o :
. initidtor IOOV ™ . T
. CASE 1B - Critical Cabinet (Pans! 1-9-3) Unsuppressed
Evacuate Control Human error rate for successfully .

*

performing control room
abandonment procedure

CASE 2A - Any Other Panel - Suppressed

BOP Panels Subsumed within
- initiator IMSIV
3 : CASE 2B - Any Other Panel - Unsuppressed
Loss of Offsite Power | Subsumed within . T e ' -
T initiator LOSP T

[}
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Risk Evaluation

[e[0)Y] _ 4.36E-02 i 2.16E-08 4.95E-05 __2.39E-03 1.18E-07
1T 5.00E-01 N/A ~ 6.40E-02 8.16E-06 5.22E-07
IMSIV 5.70E-02 . 2.42E-07 4.24E-06 ~_1.36E-02 5.75E-08
-LOSP 6.43E-03 . . 2.17E-07" 3.37E-05 4.62E-05 1.56E-09
' TOTAL 1.60E-02 7.00E-07

Note 1. CCDP for Case 1B is the failure of remote shutdown capability probablllty CCDP for Case 2B uses CCDP from LOSP.
- Note 2: Ignition Frequency is calculated as follows:
Case 1A= 0.016 * 0.15* (1-0.0034) )
Case 1B= 0.016 *0.15*0.0034
Case2A = 0.016 * 0.85* (1-0.0034)
Case2B= 0.016*0.85"0.0034

Where Frequency of fire in Unit 1 MCR electrical cabinets is 0.016; 0.15 and 0.85 are the area ratio of panels; 0.0034 is the probability of
non-suppression
Comments:
Case 1A: Suppressed fire in panel 1-9-3; one stuck open relief valve; MSIV closure, RCIC fallure This case is modeled as initiator
F16_3C1A.

Case 1B: Unsuppressed fire in panel 1-9-3; Evacuate control room.’ |

Case 2A: Suppressed fire in any other panel Loss of condensate heat sink. This case is modeled as initiator F16_3C2A.

Case 2B: Unsuppressed fire in any other panel; this case uses CCDP from LOSP initiator.

Conclusion: Since the total core damage frequency for these cases is Iess than 1E-06, fires In this area can be screened from further
consideratton - - . |
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"
LI L)

- - . ¢

FireArea - . 25-1 . | intake Pump Station

_ PSA MODEL IMPACTS DUE TO FIRE DAMAGE

Condenser circulating water pump'2|.-Subsumed within | ~- = g
| resulting in low condenser-vacuum initi’ator MSIV T * 7 T e
"-' Risk Evaluation

IMSIV 5.7OE-02 9.67E-08 1.70E-06 7.77E-02 1.32E-07

Comments:
A large share (80%) of the fire frequency for this area is due to fires in electric cabinets, fire pumps and in other pumps (pnmanly

circulating water, EECW and RHR service water). Plant trip would not be expected to occur for a fire in the EECW or RHR service water
pump rooms, even if mare than one of these pumps could be affected by a fire. Firein a condenser circulaling water pump area,
particularly:if the fire was severe enough to affect an adjacent pump,-could, however, result i in a plant trip due to loss of condenser
vacuum. Fires in this compartment were therefore evaluated by conservatively assuming tha’l all fires lead to a plant trip on low
condenser vacuum. Inltiator IMSIV bounds this case (used CCDP associated with IMSIV in the base model).

Conclusion: The total core damage frequency for this scenario is less than 1E-08, however, fires in this area will be further evaluated in
Table 6-2.8.1 (b) ‘ :
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-~

Fire Area ¢ 254 | Intake Pump Station L
: PSA MODEL IMPACTS DUE TO FlRE DAMAGE

Op:. E
RHRSW and EECW Pumps - EA, EB, EC, ED MESUPT %
SW1A,SW18B, ) 1
SWIC,SW1D, . '
SW2A,SW28B, ’
SW2C,SW2D :
Risk Evaluation

T . 5.00E-01 1.24E-03 2.44E-03 , 7.43E-05 1.81E-07

IMSIV ‘ ' 5.70E-02 2.42E-07 4.24E-06 - 7.77E-02 3.29E-07
g - TOTAL 7.77E-02 5.10E-07

Comments: .

Plant area walkdowns identified a partlcular 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 1 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.rewewmg the appropriate ignition sources for this area from Attachment B. This information, when taken with the area
layout information, reveals that there are no igmtlon sources within approximately 20 to 30 feet of thls area except for cable and junction box ignition
sources. | i

T - t

Cable andjunction box ignition sources are asslgned a total ignition frequency for this area of 6.57E-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 2.54E-2, 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. Duie 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 ft?, only
transient ignition sources occurring over about (400/18,000 = ) 2.22% of the floor area would potentially apply to this case. This is conservatwe 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 effectwe floor
area for transient ignition sources. The total potential ignition frequency for thls case can then be calculated as:

(6.57E-04 x 10%) + 2.54E-02'x 2. 22"//v6-30E-04 -
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.

Only severe fires are judged to have the potential to develop to the size reqtired to threaten both trains of RHRSW Therefore, a severity factor of
0.118 from Table 6-1 (b) is applied. The Ignition frequency is calculated as 6,.30E-04 * 0.118 =7. 43E—5 This case is modeled as initiator F25_1C2
(modified from TT) in RISKMAN. The rest of frequency (7 77E-2-7.43E-5 =7. 77E-2) has been modeled by Initiator F25_1C1 (modlf ed from IMSIV) in
RISKMAN. .

Concluslon: Since the total core damage frequency for these cases is fess than 1E-06, fires in this area can be screen'ed from further consideration.

!
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.

25-2 -

Pipe Tunnel

i

»

!

PSA MODEL |

MPACTS DUE TO FIRE DAMAGE

Risk Evaluation

5.09E-01

1:86E-07

3.65E:07

1.09E-05

3.96E-12

Comments:

consideration.

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 (1.09E-05), 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 turbine trip (TT) for all fires in
this area. The CCDP uses that of TT initiator in the base model. .

Conclusion: Since the total core damage frequency for these cases is less than 1E-08, fires in this area can be screened from further
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Fire Area

Unit 2 and 3 Hydrogen
Recombiners

‘|
Screened

CASE 1A - Recombliners - Unit 2 & 3
IF=1.48E-1

7 Unit 1 Hydroéeh Recombiners ;

Subsumed within

Initiator TT

CASE 1B'% Recombiners - Unit 1
IF=7.40E-2" -

!

!

Unit 2and 3 Lube Oil

i
Screened

CASE 2A < Lube Oll Fire -Unit2 & 3

IF=2.4E-2 .

Subsumed within

CASE 2B - Lube Qil Fire - Unit 1

Unit -1 Lube Oil Initiator. TT IF=1,26-2 !
i
: CASE 3A-1 - Turbine Deck - Unit
283
. Minor Fire IF=2.68E-
Screened CASE 3A - Turbine Deck -Unit2& 3 2*0.58=1.55E-2

Turbine Operating Deck

IF=2.68E-2

e

[y

CASE 3A-2 - Turbine Deck - Unit
283 -

Severe Fire IF=2.68E-
2*0.42=1.13E-2

Turbine Operating Deck

Subsumed within

CASE 3B - Turbine Deck -Unit 1

Initiator LOSP IF=1.34E-2
: CASE 4 - Other Areas Fire ,
Other Areas Screened 2.61E-1 5
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Risk Evaluation

consideration.

The following cases describe the various ﬁre scenarios postulated for the Turbme Building:
CASE 1A: Fire affects Unit 2 and 3 recombiners. Plant trip not expected.
CASE 1B: Fire affects Unit 1 recombiners. Plant trip Is assumed. RISKMAN imtiator is F25_. 3C1B
CASE 2A: Lube oil fire in Units 2 and 3. Plant trip is assumed.
CASE 2B: Lube oil fire in Unit 1. - Plant trip is expected. RISKMAN initiator is F25 3C28B.
CASE 3A-1: Minor fire on the Turbine Deck of Units 2 and 3. Plant trip Is not expected for Unit 1.
ASEl 3A-2: Severe fire on the Turbine Deck of Units 2 and 3. Plant trip is not expected for Unit 1.
CASE 3B: Fire on the Turbine Deck of Unit 1. Plant trip expected, use CCDP associated with LOSP in the base model.
CASE 4: Fire in all other areas. Plant trip not expected.

Conclusion: Since the total core damage frequency for these cases is less than 1E-06, fires in this area can be screened from further

!

N/A (1A) N/A N/A - NA 1.48E-01
TT (1B) 5.09E-01 1.40E-07 2.75E-07 7.40E-02 2.03E-08
N/A (2A) N/A N/A N/A 2.40E-02
TT (2B) 5.09E-01 1.40E-07 2.75E-07 1.20E-02 3.30E-09
. N/A (3A-1) N/A N/A N/A 1.55E-02
" N/A (3A-2) . NA NA . NA ' 1.13E-02
LOSP (3B) 6.43E-03. 2.17E-07 3.37E-05 1.34E-02 4.52E-07
N/A (4) N/A N/A N/A . - 2.61E-01
‘| TOTAL - 5.59E-01 4.76E-07
Comments !
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¥ . . .l . - ‘ .

Fire Area LT - N/A Yard Areas .
- ' ' . PSA MODEL IMPACTS DUE TO FIRE DAMAGE

. CASE 1 - Yard fire propagating to Turbine Building
Yard Transformers - loss of Subsumed within
condensate heat sink, feedwater inittator IMSIV . - .

. . . -' I A CASE__'_Z'YEJd Fire 3
Yard Transformers - Modeled as Loss "l Subsumed within - T
of Off-site Power . - initiator LOSP Coc
CASE 3 - Other Yard Transformers
Other Yard Transformers . Subsumed thhin . .
: - ' _initiator TT ~ T

Risk Evaluation :

IMSIV 4 5.70E-02 9.67E-08 1.70E-06 2.60E-03 4.41E-09
LOsp__ -~ . : 6.43E-03 - 2.17E-07 - 3.37E-05 5.10E-03 1.72E-07
LTT : .+ 5.09E-01 o 1.86E-07 3.656-07 2.60E-02 9.48E-09

: . ' - ) ) TOTAL 3.37E-02 1.77E-07

Comments

Case 1: Yard transformer fire propagating to the Turbine Burldmg, reactor tnps and MSIV closes Use CCDP for IMSIV in base model,
Case 2: Yard transformer fire resulting in loss of offsite power. Use CCDP for LOSP in the base model
Case 3: Other yard transformers; manual shutdown. Use CCDP for TT in the base model.
As a sensrirvrty analysis, the single unit ignition frequencies were multiplied by 3, assuming fires in Units 2 and 3 yard areas will also have a similar
impact on Unit 1. The new ignition frequencies for the above 3 cases will then be 7.80E-3, 1.53E-2 and 7.80E-2 respectively. The total ignition
frequency will then be 1,01E-01. The resulting CDF Is 5.58E-07. This value is also less than the screening value, therefore, the yard areas can
remain screened.
Conclusion: Since the total core damage frequency for these cases is less than 1E-08, fires in thls area can be screened from further consideration.

i
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7.0 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 significant fire-induced vuinerabilities associated with the
continued operation of Browns Ferry Unit 1. /

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 1 Reactor Building fire zones, the
analysis was performed by evaluation of individual fire ignition sources, as described i |n
Note 1 below Table 7-1. :

'Sincé this evaluation represents the result of a progressive screening analysis, it is not

the intent here to sum up the fire induced 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 calculation should be considered as upper bounding
values only. That is, 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 1 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 scrédened - -

from further consideration in Section 5 were evaluated by assuming that any and. all
fires are severe, engulfing the entire fire area and damaglng all plant equipment é(\d
-~ =~=electrical"cables inthe 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. '

- — A e -
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Table 7-1
Summary of Results
V Qualitative | Quantitative Analysis (Phase li)
Fir; Ar ea/ Description Analysis
one (Phasel) [initial Screening 2::?3:1‘:
Unit 1 Reactor Building, 519" through 5657
11 Elevations (West side of Torus Area and Mainf See Note 1 6.08E-02
Floor) See Note 2
Unit 1 - Reactor Building, 519’ through 565
1-2 Elevations (East side of Torus Area'and Mainl See Note 1 3.52E-02
. . Floor) See Note 2
13 sznndltta 1 Reaclor Building, 593' Elevation, North See Note 1 2 32E-02 See Noto 2
Unit 1 Reactor Building, 5§93' Elevation, South T ;
ek Side and RHR Heat Exchanger Rooms = SeeNote 1 | 2€1?.~E~ 02 See Note 2
Unit 1 Reactor Building, 621' Elevation and h ;
15 North Side of 639" Elevations See Note 1 4'8.8E 02 See Note 2
. Jnit 1 Reactor Building, South Side of 639° ' :
1-6 Elevation See Note 1 3.08E-02 See Note 2
2 ' Unit2 Reaclor Building SeeNote 1 [ 1.27E-01 0 23E.07
'3 - Unit 3:Reactor Building «- i See Note 1 |. “1.26E-01 0.36E-08
AkV Shutdown Board Room B (Umt 1 Reactor . "
4 IBuilding, 593' Elevation) . * See Note 1 314E-04 7.64E-07
UkV Shutdown Board Room ‘A and 250V -
.5 Battery Room (Unit 1 RB, EL 621" See Note1 |. .1.99E-04 7.93E-07
180V Shutdown Board Room 1A (Unit 1 O
_6 - Reactor Building, 621' Elevation) See Note 1 -1'.11E 07. .
' - 480V Shutdown Board Room 1B (Umt 1 .
7 Reactor Building, 621 Elevation) See Note 1 201E-06 3.56E-07
A .. PkV Shutdown Board Room D (Umt 2 Reactor ;
8 Bundmg, '593' Elevation) , See Note 1. . 1.02E-07.
. *BkV Shutdown Board '/Room C and 250V |
9 Battery Room (Unit 2 RB;EL 621') - SeeNote 1 | - 1.38E-05 3.36E-07
480V Shutdown Board :Room .2A (Unit 2 ) :
1.0 Reactor Building, 621' Elevation) See Note 1 1.15E-08
480V Shutdown Board Room 2B (Unit 2 .
1. Reactor Building, 621' Elevation) SeeNote 1. | 4.63E-09
Shutdown Board Room F (Unit 3 Reactor 1 . .
12 . Building, 693" Elevation) - See Note 1 1.15E-08
: ‘{Shutdown Board Roomi E (Unit 3 Reactor] .
.1 3 Building, 621' Elevation) See Note 1 5'7-1 E-09
o 480V Shutdown 'Board Room 3A (Unit 3 ' ; .
14 Reactor Building, 621' Elevation) . See Note 1 511E-09
45 M80V Shutdown' Board Room 3B (Unit 3 See Note 1 5.45E-09

Reactor Building, 621' Elevation)
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Table 7-1
Summary of Results
Fire Area | o Qualitative | Quantitative Analysis (Phase I[I)
Zone Description Analysis L Detailed
(Phasel) |[Initial Screening etalie
Analysis
16-1  [Control Building - 593’ Elevation See Note 1 3.78E-02 2 75E-08
g Control Building - 606" (Cable Spreading :
16-2 Room) See Note 1 - 1.20E-02 5.35E-07
16-3  [Control Building - 617* (Control Room) See Note 1 6.92E-02 7.00E-07
Unit 1 Battery and Battery Board Room, :
17 Control Building 593" Elevation SeeNole1 | 240807
Unit 2 Battery and Battery Board Room, .
18 IControl Building 593' Elevation SeeNote 1 |~ 1.54E-08
Unit 3 Battery and Battery Board Room, o ajnea
19 Icontrol Building 593' Elevation | SeeNoted |  2.74E-08
20 Unit 1 and 2 Diesel Generator Building See Note 1 477E-08
21 Unit 3 Diesel Generator Building See Note 1 1.15E-07
4kV Shutdown Board Room 3EA and 3EB, ,
22 583" Elevation, Unit 3 Diesel Generator] See Note 1 7.35E-09
Building :
4kV Shutdown Board Room 3EC and 3ED| ‘
23 583" Elevation, Unit 3 Diesel Generatorl See Note 1 1.08E-08
Building : . : :
MKV Bus Tie Board Room, 565’ Elevation, Unit ;
2.4 3 Diese! Generator Building See Note 1 6.49E-07 I
25-1  [Intake Pump Station See Note 1 7.77E-02 5. 1bE—07
- i . P
25-2  [Pipe Tunnel See Note 1 1.09E-05 3.96E¥2
25-3  [Turbine Building : See Note 1 5.69E-01 4.76E-07
N/A  [Yard Area (See Note 3) See Note 1 1.77E-07
Notes: '

1. No areas were screened in Phase I.

2. The Unit 1 Reactor Building aré'és 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:

RHR Pumps 1A and 1C
240V Lighting Transformer TL1A
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VFD 1A (Panel) " " 1.70E-07 (Fire Source 1-6-2)

VFD 1B (Panel) 1.70E-07 (Fire Source 1-6-3)
For completeness, unqualified cables were also included in Table 6-2.1 (d), with an
upper bound core damage frequency of 1.5E-07.

3. No fire area or zone was assigned to the yard area, though, for completeness, potential
fires in this area are evaluated in Section 6.2.10. This evaluation gave a total upper
bound core damage frequency for this area of 1.77E-07.

. lnsights

While no vulnerablhtles were identified in the course of this evaluation, several items of

. mterest were noted:

. -ln general, essential sthchgear rooms were noted to have low conditional core
damage frequencies. This is due to the large amount of artitioning 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

giveh ECCS system. Also, the unit battery boards are set up to allow the
- maxnmum Ievel of ﬂexublllty and redundancy between the three. unlts

) DlVlSlon 1 and 2 related swltchgear was noted to be in: close prox1m|ty (i.e.,
'separated by a three to four foot wide walkway) in four cases (4kV shutdown board
rooms A, B, C and D). : .

' o As expected, oil filled transformers have the potential to generate significant

-amounts of heat and cause extensive damage to components in the area. 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. Piant training should therefore continue
N to ensure that fire brigade members are cogmzant of these hazards.

" Fire Area/Zone CDF Summation
Due to the progressive nature of this screening methodology, the various fire

areafzones have been screened out at different level of detail. Some areas have been
screened ‘assuming engulfing fire, whereas others have been screened by considering
the fire. severity factors or by taking credit for automatic or manual suppression.
Therefore, the CDF values for each area/zone/fire source may not represent a uniform

. means of comparison. Keeping this in mind, the following .table sums up the CDF
_ values fc ach fire zone/area sci¢ened out during the detailed analysis.
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Table 7-2
Summary of Results
Fire Areal Description Fire Induced CDF| Sub Total
one
1-1-1 480V RMOV Board 1C 3.55E-08
1-1-2 480V RB Vent Board 1B 1.42E-09
1-1-3 P50 RMOV Board 1C 1.45E-09
1-1-4 Core Spray Pumps 1A and 1C 1.05E-08
1-1-5 RHR Pumps 1A and 1C 1.29E-07
1-1-6 RCIC Pump 5.27E-09
1-1-7 HPCI| Pump 2.05E-08 )
. 1-1-8 H-LPNL-925-0340 ES Div | & ll Fanel 7.03E-08 2.74E-07
1-2-1 Core Spray Pumps 1B and 1D 1.75E-09
1-2-2 RHR Pumps 1B and 1D 3.58E-08 3.76E-08
1-3-1 RCW Pump 1A 9.15E-10 9.15E-10
Fire Zone 1-4 No Credible Fire Induced CDF .0.00E+00 0.00E+00
1-5-1 P40V Lighting Board 1A 4.92E-09
1-5-2 240V Lighting Transformer TL1A 5.76E-07
1-5-3 MKV to 480V Transformer TS1A 2.58E-09
1-5-4 AkV to 480V Transformer TS1B 5.71E-10
- 1-5-5 4160V RPT Board 1-1 (Panel 1 and Panel 2) 7.59E-08
1-5-6 - K160V RPT Board 1-2 (Panel 1 and Panel 2) 1.89E-09
1-5-7. RCIC Control Panel 1-25-31 4.92E-09
1-5-8 Panel 25-3 (Filter Demin) 0.00E+00 6.67E-07 .
MkV to 480V Emergency Transformer TS1HE |
1-6-1" XOil) 2.86E-08
1-6-2 VED 1A {Panel) 1.70E-07
. 1-6-3 VFD 1B (Panel) 1.70E-07 . -| 3.69E-07
2 nit 2 Reactor Building 2.23E-07 2.23E-07
3 Unit 3 Reactor Building 9.36E-08 9.36E-08
MKV Shutdown Board Room B (Unit 1 Reactor :
4 Building, 593’ Elevation) 7.64E-07 7.64E-07
MkV, Shutdown Board Room A and 250V
5 Battery Room (Unit 1 RB, EL 621") 7.93E-07 7.93E-07
180V Shutdown Board Room 1A (Unit 1
6 Reactor Building, 621° Elevation) 1.11E-07 1.11E-07
¥80V Shutdown Board Room 1B (Unit 1
7 Reactor Building, 621° Elevation) 3.56E-07 3.56E-07
- .BkV Shutdown Board Room D (Unit 2 Reactor] - , ' o
8 Building, 593" Elevation) 1.02E-07 1.02E-07
4kV Shutdown Board Room C and 250V -
-9 -Battery Room (Unit 2 RB, EL 621" 3.36E-07 3.36E-07
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Table 7-2
Summary of Results
F"; Area | Description Fire Induced CDF| Sub Total
one
480V Shutdown Board Room 2A (Unit 2
10 Reactor Building, 621' Elevation) 1.15E-08 1.15E-08
480V Shutdown Board Room 2B (Unit 2
11 Reactor Building, 621' Elevation) 4.63E-09 4.63E-09
Shutdown Board Room F (Unit 3 Reactor] )
12 Buﬂdlng, 593' Elevation) 1.15E-08 1.15E-08
Shutdown Board Room E (Unit 3 Reactor] .
13 - Building, 621' Elevation) 5.71E-09 5.71E-09
80V Shutdown Board Room 3A (Unit 3 ’
14 Reactor Building, 621° Elevation) 5.11E-09 5.11E-09
480V Shutdown Board Room 3B (Unit 3 ° °
- 15 - --Reactor Building, 621' Elevation) - ~ -~5,45E-09 - '5.45E-09
16-1 ontro! Building - 593" Elevation 2.75E-08 2.75E-08
o -[Control Bunldmg - 606 (Cable Spreadmg S
16-2 Room) - 5.35E-07 5.35E-07
16-3 ° [Control Building - 617’ (Control Room) 7.00E-07 7.00E-07
: Unit 1 Battery and Battery Board Room,
17 Control Building 593' Elevation 2.40E-07 2.40E-07
.. -+ |Unit 2-Battery,and Battery Board Room, _
18 Control Building 593' Elevation . 1.54E-08 1.54E-08
- ' Unit 3 Battery:and. Battery ‘Board Room, =
19 .- [Contro! Building 593" Elevation 2.74E-08 2.74E-08
20 Unit 1 and 2 Diesel Generator Building 4.77E-08 4.77E-08
f 21 Unit 3 Diesel Generator Building 1.15E-07 1.15E-07
Lth Shutdown Board Room 3EA and 3EB,
583' Elevation, Unit 3 Diesel Generator ‘
, 22 Building s - 7.35E-09 7.35E-09
: : 4KV Shutdown Board Room 3EC and 3ED,
TR - 683"~ Elevation, Umt 3 Diesel Generatoq . =~ . .
23 Building 1.08E-08 1.08E-08
24 UkV Bus Tie Board Room 6.49E-07 6.49E-07
- 25-1 .- [fintake Pump Station ' 5.10E-07 - 5.10E-07
25-2 Pipe Tunnel . 3.96E-12 3.96E-12
. 25-3 " [Turbine Building . . 4.76E-07 “4.76E-07
. N/A Yard Area s 1.77E-07 1.77E-07
e " [Total Unit41 CDF = . 7.71E-06

" rT——e e
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8.0 NEW AND REMAINING ISSUES (PHASE IlI)

(This section is -taken directly from the original Unit 2 submittal and has not been
updated. It is included in this calculation for completeness of the IPEEE Flre analysis
and is for information only.) ‘
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 diécusses the fol'lowing six issues to be addressed.
1. Seismic/fire interactions.

. Fire barrier qualification. !

. ./-.- - T '.

2
3. Manual fi re fi ghtlng effectlveness
4. Total environment equipment survival.
5. Control systeh'ns interaction:
6. Improved analytical codes.
These issues, which were originally taken from the Fire Risk Scoping Study (NUREG/CR- K
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 1 analysis are listed in italics directly below the description of the Sandia issue.

8.2.1 Sgismichire Interactions

The issue of seismié/ﬁre interactions centers on the following 3 areas of interest:
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o Seismically induced fires. In particular, this concem 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.

e Seismic degradation of fire suppression systems. In particular, this concemn
- 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-0r 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 pnmary

coolant, chemlstry control, etc.

Response Hydrogen or ﬂammable gasll:qu:d storage vessels are not kept on a

permanent basis “in' the Reactor Building, Diesel Generator Buildings,

 Control Building or-the Intake Pump Station. Slte standard practice 12.7

' (Reference 26), I-[dusekeeplng/Temporaly Equipment Control, provides the

. requirements for this type of combustible, including the requirement that

' compressed gas cyllnders be tied to permanent structural features, using
methods as descnbed in the standard practice.

In addition, the. seismic walkdown requ:red for the seismic portion of the
IPEEE will ldentrfy any potentlal for seismic class 1l components affecting
seismic class | components in safety related areas. :
. T .
8.2.1.2 Setsmlc Actuation of Fsre Supgressmn Systems

AAs part of the selsmlc assessment venfy that the design. of the water suppressnon
-system considers the effects, -if appropriate, of inadvertent suppressnon system

actuation -and dlscharge on that equipment credited as part of the seismic safe

shutdown path in a margins assessment that was not previously reviewed relative to the

intemal -flooding analysus or concerns such as those discussed in NRC I&E Notlce

83-41

Resgonse This issue was also addressed by Infonnatton Notice 94- 12 Effects of Fire
-Suppression System Actuation on Safety Related Systems. The Browns
'Ferry response to these issues was as follows:
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. Mercury Relays. No mercury relays are present in the fire protection

control systems.

. 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 capab/hty 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 provjde
protection for electrical cabinets or non-spray proof components. l ;

. Fire Suppressant Availability during a Seismic Event. Halon systq'ms :

are not used to protect areas that contain safety related equipment. |

‘CO, "systems are selsmlcally quaiified, ‘with  the exception of ‘1

refrigeration system, which is not required except for prolonged penods .
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 few 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

—— ey -

: EIectro-MechanlcaI Components in Cable Spreadlng 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.-
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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 resulit.

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 capab/llty 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 ldentn‘y any

potential outliers, where se/smlc class ] components could damage selsmlc

- - ~.~-class I'components. R

822 Fire Barrier Qualifications

The. concern for fire barrier qualifi catlon centers on the following 4 areas of interest:

e Fire bamer surverllance program.

“.“0

o Inspectlon and mamtenance of f re doors

o Installation, mspectuon, survelllance. and maintenance of penetration seal
* assemblies. y : - : -

lnspectron testing and mamtenance of fi ire dampers.

Each of these areas of rnterest |s descnbed in detall below.

——— e e mm

-

8 2 2.1 - Fire Barners ' r

£

Fire bamers and. components such as fire dampers fire penetration seals and fire
doors for fire barriers are mcluded in the plant survelllance program.

Resgonse

B e add

Fire barriers are inclided 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 requ:red fire rated barmiers, including mechanical pipe fire rated

performing a visual inspection.
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”» o

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-Sl-
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 Ce/l/ng) and 0-SI-4.11.G.1.c (2), Vlsual
- - - Inspection of Cable Tray Penetrations in Fire-Rated Barriers. -

b. Fire barmrier penetration seals have been installed and maintained to address
concems 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 mspectlon and maintenance program for fire dampers should be |mp|emented'
at the plant. |

Response The inspection and testing of fire dampers is addressed by survelllance

: - instructions 0-SI-4.11.G.1:b, Visual-Inspection/Test of Appendix R, Umt\2

System 64 Fire Dampers (Unit 2 Reactor Building), 0-SI-4.11.G.1.b (1 ),

Visual Inspection/Test of Appendix R System 30 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 'BrovL'ns'Feny 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.
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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.

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 Flre 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 extrngunshers and

- -plant procedures for reporting fires, including plant commUnrcatron

. Fire brigade makeup and equipment.

e Fire brigade training in the classroom

o .Fire brigade practice in hands-on structural fire tralnlng and |n the use of

* equipment. - S

o Firebrigade drills. 2
«' Fire brigade training records.-
Each of these areas of interest is described in detail below.

8231 Reporting Fires

a. Appropriate plant personnel are knowledgeable in the use of portable fire
: extmgurshers : R

, ﬁesgonse Plant personnel and fire brigade members receive regular training in the use

of portable fire extinguishers.

b. Portable extinguishers ere located throughout the plant.

_ Res_g'ons'e Portable fire extrngu:shers are placed at key Iocatlons throughout the plant.

These locations are identified in-the pre-fire plans shown in Volume 2 of the
Browns Ferry Flre Protectlon Report, Section IV.

. C.-A plant procedure isin use for reporting fires in the plant
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Response .EPIP 21, Fire Emergency Proced:i/ré, 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 Al 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 operationslfire brigade radio.

8.2.3.2  Fire Briqade Makeup and Equipment

8.2.3.2.1 A fire brigade that is made up of at least 5 trained people on _each shift should be .
maintained at the plant. e

Resgons ThIS requ:rement (1 bngade Ieader and at Ieast 4 other members) is

specified in Volume 2 of the Browns Ferry Fire Protection Report, Sectlon ]
(6.1.1).

8.2.3.2.2 The fire brigade leader and at least two other brigade members on each brigade
shift should be knowledqeable in plant svstems and operations. '

\C

Response This . requirement is spec:f'ed in Volume 2 of the Browns Feny Flre
Protection Report, Section Il (5.1.2).

8.2.3.2.3 Each brigade member should receive an annual review of physical condition to
i evaluate his ability to perform fire ﬁqhtinq activities. ,

1}
[

|
Response This requirement is specified in Volume 2 of the Browns Femy Flre }
Protection Report, Section Il (56.1.3). _ \

8.2.:3.2.4' 'A minimum amount of equipment should be Srbvided for the on site fire bridade:

a. Pefsonal protective equipm_ent should be provided such as SCBA, tumout co'ais,
boots, gloves, and hard hats.

S '
Response This requirement is specified in Volume 2 of the Browns Ferry Fire
Protection Report, Section Il (6.1.1.1).

b. Emergency communications'equipmen't should be provided for fire brigade use.

Response This requirement is specified in Volume 2 of thé ‘Browns Fery Fire
S Protection Report, Section I (6.1.1.4, 6.1.1.6 and 6.1.1.7).

c. Portable lights should be provided for fire brigade use.
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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 provided for fire brigade use.

Response This requirement is specified in Volume 2 of the Browns Ferry Fire Protection
Report, Section Il (6.1.1.3).

- e. Portable extinguishers should be provided for fire brigade use.
.Response The locations of portable and other fire extirrguishers for fire brigade use are
' . specified in the pre-fire plans shown in Volume 2 of the Browns Ferry Fire
Protection Report, Section IV.

- 8.2.3.3 Fire'Brigade Training -

Brigade members should receive an initial classroom mstructlon program consrstlng of
the following:

a. A review of the plant fire:fighting plan and identifi catron of each individual's
responsrbrhtles
> ;
b. Identlt' catlon of typlcal fi re hazards and associated types of f ires that may occur in
the plant. . W :
+ ¢. ldentification of the Iocatlon of fire fighting equipment and famlllanzatron with the
Iayout of the plant mcludlng access-and egress routes.

d. Tralnlng on the proper use of available fire fi ighting equrpment and the correct
. method of fighting each type of fire. .The types of fires covered should include fires
s - - in energized electrical equipment, fires in cables and cable trays and fires involving -
flammable and combustrble liquids and gases. .
. e. Training on the proper use of. commumcatron lighting, ventilation and emergency
" bredthing equipment. 4

f. “Training on techniques forfighting fires inside buildings'and confined spaces.
g. Areview of fire fighting strategies and procedures.
_,_Resgonse Fire Brigade training requirements, including those 'listed in items. (a).

through (g), above, are specified in Volume 2 of the Browns Ferry Fire
Protection Report, Section Ill.
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8234  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 lll.

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
Resgons Flre bngade anI reqwrements mcludmg practlce as a team, are specifi ed in
Volume 2 of the Browns Fery Fire Protection Report, Section IlI (Appendlx
B).

b. Drilis should be performed at regular intervals for each shift fire brigade.

Response Appendix B of Section lll (Volume 2 of the Browns Ferry Fire Protection
Report) requires drills to be scheduled at least 1 drill per shift per quarler
not to exceed 92 days between drills.

c. At least one unannounced ﬂre drill for each shift fire brigade should be pérfom’ned_
- peryear. » ,,'
l

Response Unannounced drills are to be scheduled on an annual basis, not closer than :
-4 weeks apart, as specified by Appendix B of Sect/on 1] (Volume 2 of t\he

+-v-=. BrownsFemy Fire Protectlon Report).--

d. At least one dril 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 Il (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 requ:rement is specrf jed in Volume 2 of the Browns Ferry Fire
'Protection Report, Section Ill (Appendix D).
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f. At least triennially, anﬁnannounced 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 Feny Fire
Protection Report, Section Il (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 tﬁe:b'rigade training.

Resg'onse This requirement is specified in Volume 2 of the Browns Ferny Fire
" Protection Report, Section Ill (Appendix B).

l Fire brigade equnpment is maintained in good condition and ready for use by the
fire bngade :

S _.p

Resgonse ‘ Quarteﬂy Inspection of Emergency Equipment (FPO 000 INS 005) specifies

the inspection procedures for fire brigade equipment, such as that contained
in equipment cages, Iockers stretcher cabinets and carts. Also, equipment
‘ " operability is verified prior to storage after each drill,

8.2.3. 6 " Fire Brigade Training Records

Records are prowded for each f re bngade member, demonstratlng the minimum level of

-training and refresher training has been provnded

1.

Resgonse Fire brigade training records are required to be maintained, as specified in

Volume 2 of the Browns Ferry Fire Protection Report, Section IV.

824 Total Envir'on‘ment Egu'igrr.l‘ent Survival ‘

The general lssue of total envnronmental equupment survival centers on the foliowing 3
areas of-interest: :

* Adverse effects of combustion producfs on plant equipment.
. ‘Spurious or inadvertent fire suppreseion system actuation.

» ' Impacton effectiveness of operator actions.
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Each of these areas of interest is discussed in detail below.

8.2.4.1 Potentiel 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 operatlons |n .
~ application of FIVE. :

Response Plant operations personnel recelve 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.
|

.2.4.2 Spnrious or Inadvertent Fire Suppression Activation

ha— ]

- Verify that the design of fire suppression-:systeme considers the effects, if appropri'gte,v .
of inadvertent suppression system actuation and discharge on equipment credited for
safe shutdown for concems such as those discussed in NRC I&E Information Notice -
83-41. : .

‘Response - - - This isslie 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

- e

a. There are safe shutdown procedures that |dent|fy the steps for planned shutdown
when necessary, in the event of a fire.
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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 regulary receive
training in the use of the safe shutdown instructions.

- ¢. [f, 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.

---Résporise: SCBA equipmientis 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 S'ystems Interaction

This issue centers on the concem, that safe shutdown circuits are. physically independent

* - of, or can be isolated from, the control room for afire in the control room f ire area.

Resgons The remote shutdown system provides for plant monitoning 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 Operatmg lnstructlon 2-AOI—100—2 Control Room
“Abandonment. - : A

I

8.2.6 lmproved Analytlcal Codes

' _The issue of analytlcal codes centers on the fire modeling techniques that have been
‘incorporated into the FIVE methodology These modeling techniques, which are derived

from the basic correlations used in the COMPBRN lile fire modehng program, have been
revnewed for use in the modeling of fire progress:on

Resgonse The correlations shown in the FIVE documentation were used to genetate
S the zones of influence that were used during ‘the detailed-analysis of
Reactor Building areas in Section 6.2.

These correlatlons are based on updated fire modeI/ng techniques from
those reviewed in the Sandia study.
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8.3 Requirements of NUREG-1407 -

The analysis descnbed in this report was_performed in order to meet the informational
requirements of NUREG-1407. In partlcular 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.

Browns Feny Unit 1 is cunently in comphance with all Appendix R related
7 réquirements. A

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. ‘ _ | SN

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 documentatlon b

- 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
B " Tprovide “an indepéndent control capability for identified plant systems and
functions, mclud/ng any required control circuitry. The remote shutdown

capability system is descnbed 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 muitiple 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
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therefore retatned 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 1 0%, further
quantitative analysis was judged to be unnecessary and the area was
screened from further consideration. This process is described in Section 5.

Detailed area analysis was then performed for the Reactor Building, Control
Building and Turbine Burldmg 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 bamer screemng guidelines

- “given in the EPRI FIVE documentation. This is d/scussed 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 6.2.8.1. :

4. A dlscussmn of the cntena used to determine fire size and duration and the
treatment of cross-zone'fire spread and associated major assumptlons

Response Flre size was cor]servatlvely assumed to be engulf‘ ng for all fires analyzed

in the screening analysis ‘described in Section 5. Fires were. assumed to

! entirely consume the fire Source for all Unit 1 Reactor Bu:ldmg fire sources
(see Sectlon 6.2). .

The. Fire Events Database (NSACI 178L) was used as a basis for fire size

. for fires analyzed in Section 6.1. Fire duration was as requ:red to consume

R "= 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

e L . Spreading Room, above, was identified through this process. This potential
SR " fireis separately evaluated in Section 6.2.8.1.

e 5. A discussion of the fire’ mutnatmg event database, mcludmg 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 judgment,-and the |dent|f' cation and evaluation of sources of data

_ ' uncertalnty
e Re’sgonse 'The EPRI Fire ‘Events Database was used to geherate fire ignition

frequencies, as .déscribed in the EPRI FIVE documentation. Review of
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plant expen’ence shows plént 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 qualltatlve 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 Bu:ldmg, 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
equupment ) ) . e

- neoaas =, e i ——
A :

Resgonse Fire growth between areas is addressed by using the EPRI FIVE critenia, 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. .

Suppress:on—mduced damage is addressed under the assoc:ated Sandla
issue in Section 8.2.1.2 . .

- 7. A discussion of fire damage modeling, including the defi nition of fi re-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. ldentify recovery actions and tyﬁes of
fire mltlgatlng actions for whlch credlt is taken in these sequences g' ‘

- Response Fire barrier effectlveness was evaluated usmg the EPRI FIVE cntena as -
' described in Section 3.3 and documented in ERPI 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
conservatlvely assumes that "hot short” failures occur whenever necessary
to fail the system function.

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 .oceur, based on the
mdlwdual case under cons:deratlon-' -

Human intervention is consen/at/vely 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
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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 equnpment
and treatment of access routes versus existing bamers

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;'}'ri'itiéted sequénces.

Response

The plant model and associated event trees are as described in the Level 1
PRAIIPE 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 frequenty into individual cases,

_where this techn/que was used are shown in Section 6.2.

" -0

10. A descnptlon of domlnant functlonal and systemic sequences leadlng to core
~ damage, along with the;r Irequenmes 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 descnptlon of the sequences should
lnclude a dlscussmn of specific assumptions and human recovery actions.

Resgonse

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 consrderatlon based on fire-

related core damage frequency of less than 1E—06

" 11.The’ estlmated core damage frequency, the timing of the associated core damage,
a list of analytical assumptions, including their bases, and the sources of

uncertalnty
Response .The results of this analysis. are shown in Sectlon 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,

blant damage states would only be evaluated for unscreened areas. Also, a
jseparate analysis of data uncertainty was not performed due to use of a

screening analysis.
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12.Any ﬁre induced containment feilures .identiﬁed as being different from those
identified in the intemal events analysis.

Response Contamment 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 intemal 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:

. Selsmlc/f re |nteract|ons

o Effect of fire suppressant systems on safety equipment.
e Control system interactions.

Response The issues raised in the Fire Risk Scoping Study (NUREG/CR-5088) are
addressed in Section_ 8.2 _ N

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, supplementa‘l
plant walkdown results and subsequent evaluations. The licensee should examlne
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 followmg the mcorporatlon of ﬁ(e
R ‘ mduced failures. - -

-t — s " ———y -
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ATTACHMENT A
HEAT RELEASE RATES (HRR)

Electrical Cabinets

Sandia National Laboratories (SNL) and Technical Research Center of Finland (VIT)

- have conducted tests in the measurement of Heat release rates for closed panels. In

the SNL tests closed/ventilated panel HRR values up to 265 BTU/s were measured
(i.e., Considering SNL Scoping Test 10) and in the VTT Finland tests, maximum HRR
values of up to 380 BTU/s were measured (i.e., considering VTT panel test #1)
(References 30, 31 and 32). The maximum HRR of a closed but ventilated electrical

. panel is assumed to be 190 BTU/s, the midrange of the available test data. Refer to

question number 4 and its response in Reference 43 regar'ding HRR for electrical
cabinets. Also Reference 6, Section 4.12 recommends using a HRR value of 200 kW

A

Heai

: ~Number of | Combustible Release
Description Vertical Loading Rate Comments
' : Section . (Btu) (Btu Isec) ‘
1 480V RMOV Bd 1C 11 * ' |- 6.16E+6 190 ~ | No vent openings
480V RB Vent Bd 1B 12 . 6.72E+6 190 No vent openings
« ] 260v RMOV Bd AC - 102 1 . 6.72E+6 190 -| No vent openings
1-LPNL-025-0031. 2. . 1.40E+6 - 190 No vent openings
4KV RPT Bd 1-1, 1-2 2 - 1.40E+6 190 Vent openings
Panel 25-3 1 7.00E+5 190 No vent openings
Panel 25-9 ‘1. - 7.0E+4 190 ° No vent opening
| 240V Lighting Bd 1A 10 . 5.60E+5 190 No vent openings

.Dry Type Transformers

" ..Dry type cast-resin.transformers hardly ekperience any escalation of fire-beyond the

original source. Also there is,no comparable risk of explosion. Transformers will be

- considered similar to a closed .non-qualified electrical cabinet. ‘HRR will be computed

based on the combustible loadlng of the transformer at 4E-4 -x Fuel load (Btu/sec) or
400 Btu/sec for 1 million Btu loading or ‘40 Btu/sec per 100,000 Btu (Reference 5, Table
‘E-1 and Sectlon E. 2) but no less than 95 Btu/sec.
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s e Combustible . Heat Release
Description Loading (Btu) HRR Criteria Rate (Btulsec)
4kV-480V ' 2.8E+5 40 Btu/sec per 100,000 Btu 112
Transformer TS1A " (not less than 95 Btu/sec)
4kV-480V 2.8E+5 40 Btu/sec per 100,000 Btu 112
Transformer TS1B (not less than 95 Btu/sec) /
240V Lighting 5.6E+5 40 Btu/sec per 100,000 Btu 224
Transformer ~ (not less than 95 Btu/sec)

Electrical Motors - Ventilation Subsystems, Pumps

For combustible material involves electrical windings, heat release rates should be
smaller than a small cabinet fire (< 65 Btu/sec) (Reference 5). HRR will be computed
based on the combustible loading of the -motor at 4E-4 x Fuel load (Btu/sec) or 400 -
Btu/sec for 1 million Btu loading or 40 Btu/sec per 100,000 Btu.

For RBCCW pumps 1A and 1B, and RCW pumps 1A and 1B, the pump motors have
power less than 100 H.P. each. Hence heat release rate for small electric fire (i.e., 190
BTU/sec) is used for each pump.

- SLC Pumps A and B (Unit 1 Reactor Building El 639-north side)

Oil: : , ‘
Spill Area ' - | 54 #t* per gal (Reference 1, Attachment 10.4, Table 3
: for Pennzoil 30-HD e
Pool area for ¥ pint spill 3.3ft° (45 ft /gal * 1 gal/16 pints) v
Unit Heat Release Rate - | 135 Btu/s ft° Reference 5, Table E-1 (pumps) !
Peak Heat Release Rate 450 Btu/sec (135 * 3.3) : '
Motor: ‘ ' ‘ - -\
| Combustible Loading ‘| 2.80E+5 Btu .
HRR per unit 40 Btu/sec per
: 100,000 Btu
Peak Heat Release Rate 112 Btu/sec
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ATTACHMENT B
IGNITION FREQUENCY CALCULATIONS

This attachment contains the detailed fire area/compartment lgnltlon frequency
calculatlons The input required for these calculations includes:

e Number of various plant locations as shown in Table 2-1.

* Plant wide components. This information was taken from References 4 and 27,

related system flow diagrams and pIant walkdowns and is summarized in Table
- B-1.

. Cablee heat of combustion - This information was taken from ‘References 4 and 27
and is summarized in Table B-2.

'Whef performing ighition frequency calculation Tor Unit 1, efforts were made to assure”™

completeness of fire ignition source equipment identification.” An EXCEL table was
developed based on the Unit 1 cable loading file (an electronic version of Reference
27). For each piece of equipment in that file, proper disposition was provided, i.e.,

screened based on certain criteria (small combustible loading, or non .EPRI source

' equrpment type, etc.), or retained for inclusion in the source equipment tally. For details

of screening and categorization of the Umt 1 equipment, please refer to the EXCEL

"+ completeness table (Reference44)

In addltron the. Umt 1 cable Ioadlng mmr-calculatuon (Reference 27) was processed
electronically, to identify all the cable’ tray loadings in various Unit 1 areas, and added to

the total plant cable loading (thls is reﬂected in Table B-2).

The generic fire frequencies and weighting factors used in these calculations are in

"accordance with Reference 4. .Where specific frequencies were not provided for plant

areas, such as computer rooms mechanical equrpment room, etc conservatlve
assumptions were'made: - TETE T

T

The-performance of these calculations consist of two main steps:

. ~The fire ‘ignition frequency. that can be assigned to specific plant areas (plant
'locations)' such as switchgear area, is allocated to similar areas within the plant.

o The identifi ed plant wide components e.g., battery chargers, transformers, etc., are
located and the associated fire ignition frequency is assrgned to the respective area.

The calculation of fire ignition frequency for -each plant area is shown at the end of
Attachment B (after Table B-2).
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Table B-1

173

Plant Wide Components
. . Number of Fire
Location Unit Components Area Comments
Fire Protection Panels
Reactor Building 1 4 1 Based on MD-N0999-2003-0046
. Rev. 2 (Unit 1 Loading Mini Cal)

Reactor Building 2 3 2 Includes only operating panels

Reactor Building 3 - 3 3 Includes only operating panels

Diesel Generator Building 1/2 2 20 FP panel and CO, switch panel

Diesel Generator Building 3 2 21 FP panel and CO, switch panel

Intake Pump Station 0 -1 25-1 :

Control Building 0 6 16 Includes 1 on El 617, 2 on EI 606,
1 on E! 693, 1 in process computer
room and 1 in the Unit 3 computer

- . . . room.”

Turbine Building 0 4 25-3

Total 25

Battery Chargers

Diesel Generator Building 1/2 8 20

Diesel Generator Building 3 9 - 21

Battery & Battery Bd. Room 1 3 17 250V, 48V and 24V neutron

Battery & Battery Bd. Room 2 3 18 250V, 48V and 24V neutron

Battery & Battery Bd. Room 3 3 19 250V, 48V and 24V neutron

Communication Battery Board 3 3 16

Room

Shutdown Board Room C 2 2 9 ! .

Shutdown Board Room A 1 2 5 Based on MD-N0999-2003-0046.

] Rev. 2 (Unit 1 Loading Mlnl Cal)

Turbine Building 1 1 25-3 El 586 H

-} Total 34 . - N\

Transformers -

Battery & Battery Bd. Room 2 17

Diesel Generator Building 3 20

Electrical Board Room El 624 3 1 13 Dry type transformer

Electrical Board Room El 593 3 1 12 Dry type transformer

Shutdown Bd Room A El 621 1 1 5

Reactor Building El 541 - 1 1 1 Dry type transformer

Reactor Building El 519 1 1 1 Dry type transformer

Reactor Building El 519 . 3 1 3

Reactor Building Ei 593 2 1 2 Unit 2 preferred AC Transformer -}

Reactor Building E! 621 1 3 1 4KkV/480V & 240V Lighting Bd -

Reactor Building El 621 2 3 2 4kV/480V & 240V Lighting Bd

Reactor Building El 621 3 -3 3

4kV/480V & 240V Lighting Bd
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Table B-1

Plant Wide Components
. . Number of Fire
Locatl_on Unit Components Area Comments
Reactor Building El 639 1 1 1 4kV/480V Transformer
Reactor Building El 639 2 2 2 4kV/480V & 240V Lighting Bd
Reactor Building E! 639 3 1 3 4kV/480V Transformer
Turbine Building EI 617 0 1 25-3 GE Transformer
Turbine Building El 604 0 18 25-3
Turbine Building El 584 0 1 25-3
Intake Pump Station 0 -3 25-1
Total C ) 48
Air Compressors
Reactor Building. . _ 1 0 1 N
Reactor Building - 2 3 2 R
Reactor Building 3 3 3
Turbine Building El 604 0 6 25-3
Turbine Building El 565 0 10 25-3
Control Building El 606 0 1 16-2 Mechanical Equipment Room
Total ' : 23
. e
Ventilation Subsystems : Ce "
Reactor Building. . 1.0 - 19 1 L
Reactor Building : 2' -~ |- 20 2 Includes 4 for SDBR C/D
Reactor Building 3 .21 3 Includes 4 for SDBR E/F
Turbine Building 17 36 25-3 Includes 1 booster fan
Turbine Building 2 . - 38 25-3 Includes AHU for CB
Turbiné Building - 3 37 25-3 Includes record storage Bd. Rm.
{ Control Building Q- 30 16 El617
: . : 2 16 EI 606
- - 1 4 ElI593 - - .. i
' 1 12 EI593 -
o 3 . 16 El1 593
4 5 El 621
R - 4 9 El 621
Radwaste L 17
Diesel Generator Building - 112 - 20 20
‘Diesel Generator Building 3 28 21
Intake Pump Station : 8 25-1
| Total ' 289
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Table B-1
Plant Wide Components
. ' . Number of Fire
Location Unit Components Area Comments
RPS MG Sets
Control Building 0 6 16 ‘
Turbine Building 0 2 25-3
Reactor Building 639 1 0 1 U1 Recirc MG Sets Removed
Reactor Building 639 2 0 2 U2 Recirc MG Sets Removed (DCN
50869 Rev B)
Reactor Building 639 3 0 3 U3 Recirc MG Sets Removed (DCN
51312 Rev A)

Reactor Building 621 1 0 1 U1 LPCI MG Sets Removed
Reactor Building 621 2 4 2
Reactor Building 621 3 4 3
MG Set Room o 1 1 17
MG Set Room . 2 1 18
MG Set Room 3 1 19
Total : 19
Offgas Recombiners
Unit 1 1 1 25-3
Unit 2 2 1 25-3
Unit 3 3 1 25-3 CoUNT
Total 3 '
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Unit 1 IPEEE Fire Induced Vulnerability Evaluatlon

Table B-2
Cables Heat of Combustion
(References 4 and 27)

DESCRIPTION BTU TOTAL (BTU)
REACTOR BUILDING, UNIT 1 (FIRE AREA 1)
EL 639 205,503,311
EL 621 340,372,052
EL 593 951,726,437
EL 565 829,992,355
' 2,327,594,155

REACTOR BUILDING, UNIT 2 (FIRE AREA 2) -

1,239,318,566

1,239,318,566

-JREACTOR BUILDING, UNIT 3 (FIRE AREA 3)

{Assume
combustible heat load similar to unit 2)

1,239,318,566

1,239,318,566

4kV SHUTDOWN BOARD ROOM B (UNIT 1 REACTOR BLDG, EL

593', FIRE AREA 4) 16,050,038 16,050,038
- j4kV SHUTDOWN BOARD ROOM A AND 250V-BATTERY-ROOM| = .. . . [ - -. .- .
(UNIT 1 REACTOR BLDG, EL 621", FIRE AREA5) 66,689,320 66,689,320
480V SHUTDOWN BOARD ROOM 1A (UNIT 1 REACTOR BLDG,
EL 621°, FIRE AREA 6) 11,375,057 11,375,057
4 KV SHUTDOWN BD C AND 250V BATTERY ROOM (UNIT 2] 5,000,000 5,000,000
REACTOR BLDG, EL 612', FIRE AREA 9) '
-] CONTROL BUILDING (FIRE AREA 16) .
Fire Zone 16-3 Control Room (Control Bldg EL 617" ) :
_JUnit 1/2 main control room Y _ 70,340,799
Mechanical equipment room EL 617 ~ " ' - 30,000,000
Fire Zone 16-2 Cable Spreading Room (Control Bldg. EL 606') . '
Cable spreading room A . . 799,723,278
Cable spreading room B 621,427,433
Stairway C4 EL 606 5,571,720
Stairway C2 EL 606 13,676,040
Stairway C6 EL 606 112,000
Fire Zone 16-1 Control Bldg. EL 593' o
'} Auxiliary instrument room 1 .o 61,492,871
Auxiliary instrument room 2 ) i 19,078,920
Auxiliary instrument room 3 L e . 20,598,480
Unit 1/2 computer room 11,842,436
Unit 3 computer room , Lo 13,507,200
Communications room e 12,995,573
. 1,680,366,750
BATTERY BOARD ROOM 2 (FIRE AREA 18) 506,520 506,520
‘| DIESEL GENERATOR BUILDING UNIT 1/2 (FIRE AREA 20)
Pipe tunnel 121,093,135 21,093,135
DIESEL GENERATOR BUILDING UNIT 3.(FIRE AREA 21)
480V Diesel auxiliary board 3EB ’ 6,470,100
Pipe tunnel 24,237,990
Stairs ) 4,479,300 35,187,390
4KV SHUTDOWN BD 3EA AND 3EB (FIRE AREA 22) 15,279,390 15,279,390
4KV SHUTDOWN BD 3EC AND 3ED (FIRE AREA 23) 14,582,610 14,582,610
4KV BUS TIE BD (FIRE AREA 24) : 7,614,810 7,614,810
TURBINE BUILDING (FIRE AREA 25) . ’
Unit 1,2,3 turbine building (fire compt. 25-3) 6,264,112,490
5,000,000

Pipe tunnel (fire compt. 25-2)
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Table B-2
Cables Heat of Combustion
(References 4 and 27) :
DESCRIPTION ' A BTU TOTAL (BTU)

Intake pump station (fire compt. 25-1) 271,630,557 :
Radwaste building 167,463,262 i

6,708,206,309
TOTAL CABLES COMBUSTIBLE LOAD 13,388,182,616
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.
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Unit 1 IPEEE Fire Induced Vulnerability Evaluatlon

PHASE Il (STEP 1) EVALUATION
PLANT LOCATION: REACTOR BUILDING (FIRE'Z(

NDN 1-999-2004-001 0

-

'
>

[

tequency

a*b*c/d

|Plant Egéatio)

Electric Cabinets 5.70E-02 1 4 11 3.64E-01 2.07E-02
Pumps 3.50E-02 1 6 11 5.45E-01 1.91E-02
‘Plant:Wide:

Fire Protection Panel 1.30E-03 3 3 25 1.20E-01 4.68E-04
RPS MG Set 3.40E:03 .. | 3 N 19 0.00E+00 0.00E+00
Non-Qualified Cable 8.40E.03~ -’ -3 - -7 . 415 13388 3.10E-02 7.81E-04
Non-Qualified JB 1.30E-03 3 " .-415 13388 3.10E-02 1.21E-04
Transformers - 1.40E-02° 3 0 48 0.00E+00 0.00E+00
Battery chargers 5.50E-03- 3 0- 34 0.00E+00 0.00E+00
Air Compressors - 5.90E-03 3 0 23 0.00E+00 0.00E+00
Vent. Subsystems 1.60E-02 3 4 289 1.38E-02 6.64E-04

Transients 3.60E-02 3 5 34 1.47E-01 1.59E-02
Cable Fire-Welding 1.30E-03 3 1 34 2.94E-02 1.15E-04
Transient Fire-Welding 3.40E-02 3 -1 34 2.94E-02 3.00E-03

. TOTAL 6.08E-02

. Note: (1) The electric cabinet and pump count in unit 1 fire zones includes only significant fire sources (i.e., those components that have the
potential to develop credible fire scenarios). Other similar non-significant fire sources have not been considered in the count to avoid
unnecessary assignment of fire frequency to those components. This approach is d/ﬁ’erent from unit 2/3 calculations which considered all
-components (significant and non-s:gmf‘ cant) in the count. . .

©
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f
1
-

FIRE AREA /[COMPARTMENTATION IGNITION FREQUENCY

a*b*c/d

‘ . . a b ) - e d

Plint Lotation::

Electric Cabinets 5.70E-02 I 1 0 0.00E+00 0.00E+00.
Pumps 3.50E-02 3.64E-01 1.27E-02
Plant Wide: R 2 e

‘| Fire Protection Panel 1.30E-03 3 0 25 0.00E+00 0.00E+00
RPS MG Set 3.40E-03 oo 3 -0 19 0.00E+00 0.00E+00 -
Non-Qualified Cable - 8.40E-03 -3 415 13388 3.10E-02 7.81E-04
Non-Qualified JB - 1.30E-03 3 415 13388 3.10E-02 1.21E-04
Transformers 1.40E-02 3 2 48 4.17E-02 1.75E-03
Battery chargers 5.50E-03 3 0 34 0.00E+00 0.00E+00
Air Compressors 5.90E-03 3 0 23 - 0.00E+00 0.00E+00
Vent. Subsystems 1.60E-02 3 5 289 1.73E-02 8.30E-04

5 34 1.47E-01 1.59E-02

Transients 3.60E-02 - .3

Cable Fire-Welding 1.30E-03 3 1 34 2.94E-02 1.15E-04

Transient Fire-Welding 3.40E-02 3 1 34 2.94E-02 3.00E-03
: TOTAL 3.52E-02

Note: (1) The electric cabinet and pump count in unit 1 fire zones includes only significant fire sources (i.e., those components that have the
potential to develop credible fire scenarios). Other similar non-significant fire sources have not been considered in the count to avoid
unnecessary assignment of fire frequency to those components. This approach is different from unit 2/3 calculations which considered all
components (significant and non-significant) in the count. . \
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Unit 1 IPEEE Fire Induced Vulnerability Evaluation

M

-

‘\

FIRE AREA ICOMPARTMENTATION IGNITION FREQUENCY
- " PHASE Il (STEP 1) EVALUATION .
REACTOR BUlLDING (FIRE ZONE 1-3)

PLANT LOCATION

cl/d

a*b*c/d

5.70E-02

11

0.00E+00

0.00E+00

Pumps } -3.50E-02 1 1 11 9.09E-02 3.18E-03
Plant:Wide

Fire Protection Panel - 1:.30E-03 3 . 0 0.00E+00 0.00E+Q0
"RPS MG Set - 3.40E-03- ~ 3 0 19 0.00E+00 0.00E+00
Non-Qualified Cable 8.40E-03. ' 3 . 238 13388 1.78E-02 4.48E-04
Non-Qualified JB - - 1.30E-03 i 3 238 13388 1.78E-02 6.93E-05
Transformers 1.40E-02 3 0 48 0.00E+00 0.00E+00
Battery chargers 5.50E-03 3 0. 34 0.00E+00 0.00E+00
Air Compressors 5.90E-03 3 0 23 0.00E+00 0.00E+00
Vent. Subsystems 1.60E-02 3 3 289 1.04E-02 4.98E-04

Transients 3.60E-02 3 5 34 4.47E-01 1.59E-02

Cable Fire-Welding 1.30E-03 - 3 1. - 34 2.94E-02 1.15E-04

Transient Fire- ) -

Welding 3.40E-02 3 1 34 2.94E-02 3.00E-03
- TOTAL 2.32E-02

Note: (1) The electric cabinet and pump count in unit 1 fire zones lncludes only significant fire sources (i.e., those components that have the

' potential to develop credible fire scenarios). Other similar non-significant fire sources have not been considered in the count to avoid
unnecessary assignment of fire frequency to those components.. This approach is different from umt 2/3 calculations which considered all
components (significant and non-significant) in the count,
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L e

FIRE AREA /COMPARTMENTATION IGNITION FREQUENGY
PHASE Il (STEP 1) EVALUATION

PLANT LUCATION REACTOR BUILDING (FIRE ZCNE 1-4

a*b*c/d

PlantiLogatio

Electric Cabinets 0 11! 0.00E+00 0.00E+00 _
Pumps 3.50E-02 0 11, 0.00E+00 0.00E+00
Plant Wide::"

Fire Protection Panel 1.30E-03 3 1 4.00E-02 1.56E-04
RPS MG Set 3.40E-03 3 0 0.00E+00 0.00E+00
Non-Qualified Cable 8.40E-03 3 714 5.33E-02 1.34E-03
Non-Qualified JB 1.30E-03 3 714 5.33E-02 2.08E-04
Transformers 1.40E-02 3 0 - 0.00E+00 0.00E+00
Battery chargers 5.50E-03 3 - 0 0.00E+00 0.00E+00
Air Compressors 5.90E-03 3 0 0.00E+00 0.00E+00
Ve t S bsyst ’ 1.60E-02 3 3 04E-02 8E-04

Transients

5 ' 34

3.60E-02 3 1.47E-01 1.59E-02

Cable Fire-Welding 1.30E-03 3 1 34, 2.94E-02 1.15E-04
Transient Fire-Welding 3.40E-02 3 1 34 2.94E-02 3.00E-03
TOTAL 2.12E-02

Note: (1) The electric cabinet and pump count in unit 1 fire zones includes only significant fire sourtes (ie., those.components that have the
potential to develop credible fire scenarios}. Other similar non-significant fire sources have ijot been considered in the count.to avoid -
unnecessary assignment of fire frequency to those components. This approach is different from unit 213 calculations which considered all
components (significant and non-significant) in the count. :
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FIRE AREA /COMPARTMENTATION IGNITION FREQUENCY
- PHASE Il (STEP. 1) EVALUATION
_PLANT LOCATION: REACTOR BUILDING (FIRE ZONE 1.5)

PO " b e - e ~ ) "a"bro/d

5.70E-02
3.50E-02

4.55E-01 .
0.00E+00

2.59E-02
0.00E+00 -

Fire Protection Panel 1.30E-03 3 0 25} 0.00E+00 1 0.00E+00
RPS MG Set 3.40E-03 ;3 0 19} 0.00E+00 ) 0.00E+00
Non-Qualified Cable 8.40E-03 43 340 13388 2.54E-02 ' 6.40E-04
Non-Qualified JB 1.30E-03 3 340 13388 2.54E-02 9.90E-05
Transformers 1.40E-02 3 3 -481 - 6.25E-02 : 2.63E-03
Battery chargers 5.50E-03 3 0 341 : 0.00E+00. ~0.00E+00 -
Air Compressors 5.90E-03 3 0 23}, 0.00E+00 . , 0.00E+00
Vent. Subsystems 1.60E-02 3 3 289, - 1.04E-02 4.98E-04

Transients 3.60E-02 + 3 > 557, 34 : 1.47E-01 . 1.59E-02

Cable Fire-Welding 1.30E-03 ' 3 1 - 34 - 2.94E-02 : 1.15E-04

Transient Fire-Welding 3.40E-02 3 : 1 34 2.94E-02 3.00E-03
TOTAL ‘4.88E-02

Note: (1) The electric cabinet and pump count in unit 1 fire zones includes only significant fire sources (i.e., those components that have the
potential to develop credible fire scenarios). Other similar non-significant fire sources have not been considered in the count to avoid
unnecessary assignment of fire frequency to those components. Thls approach is different from unit 2/3 calculatlons which considered all
components (significant and non-significant) in the count.
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B b | R A
FIRE AREA ICOMPARTMENTATION IGNlTION FRéQUENCY
PHASE Il (STEP 1) EVALUATION '

PLANT LdCATlQN: REACTOR BUILDING (FIRE ZONE 1-6)

a*b*c/d

Plant'L.i6¢ation:

Electric Cabinets 5.70E-02 ' 2 1.82E-01 1.04E-02
Pumps 3.50E-02 1 0 11 ﬂ 0.00E+00 0.00E+00
Plant Wide:

Fire Protection Panel 1.30E-03 3 0 25 0.00E+00 0.00E+00
RPS MG Set 3.40E-03 3 -0 194 0.00E+00 ; 0.00E+Q0
Non-Qualified Cable 8.40E-03 : 3 206 13388 : 1.54E-02 : 3.88E-04
Non-Qualified JB 1.30E-03 3 206 .13388 1.54E-02 6.00E-05
Transformers . 1.40E-02 3 1. 48 2.08E-02 : 8.75E-04
Battery chargers 5.50E-03 i 3 0 34 ‘ 0.00E+00 0.00E+00
Air Compressors 5.90E-03 -3 0 235 0.00E+00 : 0.00E+00
Vent. Subsystems 1.60E-02 -3 1 . 289° 3.46E-03 - 1.66E-04

5 34 1.47E-01 1.59E-02

Transients 3.60E-02 3

Cable Fire-Welding 1.30E-03 i3 1 34 2.94E-02 : 1.15E-04

Transient Fire-Welding | . 3.40E-02 -3 1 34: . 2.94E-02 3.00E-03
: TOTAL 3.08E-02

Note: - (1) The electric cabinet and pump count in unit 1 fire zones includes only s:gmf' cant fire sources (i.e., those components that have the
potential to develop credible fire scenarios). Other similar non-significant fire sources have not been considered in the count to avoid
unnecessary assignment of fire frequency to those components. This approach is different from unit 213 calculations which cons:dered all
components (significant and non-significant) in the count. K
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I
H

FIRE AREA /COMPARTMENTATION IGNITION FREQUENCY

PLANT LOC

PHASE Il (STEP.1) EVALUATION

f

R .

P

"W

ATION: REACTOR BUILDING (FI

‘a*b*c/d

Plant Location::

Electric Cabinets 5.70E-02 5.70E-02
Pumps . 3.50E-02 3.50E-02 -
Plant Wide«: 4 : e

Fire Protection Pane 1.3 25 1.20E-01 4,68E-
RPS MG Set 3.40E-03 3 19 2.11E-01 2.15E-03
Non-Qualified Cable 8.40E-03 -3 13388 9.25E-02 2.33E-03
Non-Qualified JB 1.30E-03 v« 3 13388: 9.25E-02. 3.61E-04
Transformers 1.40E-02 . 3 48" 1.25E-01 5.25E-03
Battery chargers 5.50E-03 -3 34 0.00E+00 0.00E+00 -
Air Compressors 5.90E-03 3 23. 1.30E-01 . 2.31E-03
Vent. Subsystem 1.60E-02 3 i 6.92E-02

3,32E-03

Transients

3.60E-02 3 - 34 1.47E-01 . 1.59E-02

Cable Fire-Welding 1.30E-03 3 - 34 - 2.94E-02 1.15E-04
Transient Fire-Welding 3.40E-02 3 34 2.94E-02 3.00E-03
: TOTAL 1.27E-01

Note: (1) Since the ignition frequency for plant location components is area based, individual componenf count is not necessary. Therefore, no

entries have been made for “Number of ?omponents in Fire Aréa” and “Total Number in all Plant Locations”. -
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FIRE AREA ICOMPARTMENTATION IGNITION FREQUENCY

Umt 1'IPEEE Fire Induced Vulnerablllfy Evaluatlon

NDN1 999-2004-0010

o

e

PHASE Il (STEP 1) EVALUATION

PLANT LOCATION REACTOR BUILDING (FIRE AREA 3

Plant Loeation:

Efectric Cabinets

5.70E-02

5.70E-02

Pumps 3.50E-02 3.50E-02
Platit:Wide? S

Fire Protection Panel 1.30E-03 3 25" 1.20E-01 4.68E-04
RPS MG Set 3.40E-03 3 19/ 2.11E-01 2.15E-03
Non-Qualified Cable 8.40E-03 3 13388 9,25E-02 2.33E-03
Non-Qualified JB 1.30E-03 3 13388 . 9.25E-02 3.61E-04
Transformers . 1.40E-02 3 48°. . . 1.04E-01 4.38E-03
Battery chargers ' 5.50E-03 3 34, 0.00E+00 0.00E+00
Air Compressors 5.90E-03 3 23. 1.30E-01 2.31E-03
Vent. Subsystems 1.60E-02 v 3 289 7.27E-02 3.49E-03

= N ety — =
Transients 3.60E-02 t 3 5 34 - 1.47E-01 . 1.59E-02
Cable Fire-Welding 1.30E-03 3 1 34, 2.94E-02 ! 1.15E-04
Transient Fire-Welding_ 3.40E-02 . 3 1 34 2,94E-02 i 3.00E-03
i TOTAL | 1.26E-01

Note: (1) Since the ignition frequency for plant location components is area based, individual component count is not necessary. Therefore no

entries have been made for “Number of Components in Fire Area” and “Total Number in all Plant Locations™.
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Unit 1 IPEEE Fire Induced Vulnerability Evah_iation

v
Kl

NDN1-999-2004-0010

FIRE AREA JCOMPARTMENTATION IGNITION FRéQUENCY

PHASE Il (STEP 1) EVALUATION
:SWITCHGEAR ROOM (FIRE AREA 4)

réguency

a*b*c/d - -

Plant Location?

Electric Cabinets

=

1.70E-02

3.40E-03

PlantWide

Fire Protection Panel 1.30E-03 3 0 .00E

RPS MG Set 3.40E-03 3 0 191 0.00E+00 0.00E+00 .
Non-Qualified Cable - 8.40E-03 3 16 13388 1.20E-03 3.01E-05
Non-Qualified JB 1.30E-03 -3 16 13388 1.20E-03 4.66E-06
Transformers 1.40E-02 » 3 0 48 0.00E+00 0.00E+00
Battery chargers 5.50E-03 )3 0 34 0.00E+00 | 0.00E+00
Air Compressors 5.90E-03 3 0 23 .0.00E+00 { . 0.00E+00
Vent. Subsystems 1.60E-02 3 1. ! . 1.66E-04

Transients 3.60E-02 3 . - 4 34y 1.18E-01 1.27E-02
Cable Fire-Welding 1.30E-03 3 N .. ... 34| - “2.94E-02 1.15E-04
Transient Fire-Welding 3.40E-02 3 N R 34; = < . 2.94E-02 - -3.00E-03

: ) TOTAL 1.94E-02

Note: (1)

The" Location Weighting Factor” for "Plant Locations” is the number of units (3) divided by the number of switchgear rooms (15) .

(2) Since the ignition frequency for plant location components is area based, individual cbmpo'nent count is not necessary. Therefore,

no entries have been made for "Nlllmber of Components in Fire Area” and “Total Number in all Plant Locations”. ~
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Umt 1 IPEEE Fire Induced Vulnerabillty Evaluaﬂon

R

FIRE AREA ICOMPARTMENTATlON IGNITION FREQUENCY

.
I

PHASE Il (STEP 1) EVALUATION :
PLANT LOCATION: SWITCHGEAR ROOM (FIRE AREA 5)

...............

Locatlon  Weightin

'b'cld

Electrlc Cabmets

1.70E-02

3.40E-03

Batteries'”

1.70E-02

1.70E-03

Plant:Wide

Fire Protect;on Panel

1.30E-03 . 0 00E+00

RPS MG Set 3.40E-03 3 0.00E+00 0.00E+00
Non-Qualified Cable 8.40E-03 3 13388 5.00E-03 1.26E-04
Non-Qualified JB 1.30E-03 3 13388 5.00E-03 1.95E-05

"| Transformers 1.40E-02 3 48 - —__2.08E-02 8.75E-04
Battery chargers 5.50E-03 '3 34 . 5,88E-02 9.71E-04
Air Compressors 5.90E-03 3 23 0.00E+00 0.00E+00

3

Vent. Subsyste

1.60E-

1.38E-02

6.64E-04

Transients

3.60E-02

3 34 1.18E-01 1.27E-02

Cable Fire-Welding 1.30E-03 -3 34 2.94E-02 1.16E-04'
Transient Fire-Welding 3.40E-02 3 34 2.94E-02 3.00E-03
TOTAL 2.36E-02

Note: (1) The" Location Weighting Factor" for "Plant Locations" is the number of units (3) divided by the number of switchgear rooms (15)

(2) Due to the presence of some batteries in the area, they are being included as contribution to the ignition frequency. 10% of the’
frequency of a typical unit battery room has been added.

(3) Since the ignition frequency for plant location components is area based, individual component count is not necessary. Therefore,
no entries have been made for “Number of Components in Fire Area” and “Total Number in all Plant Locations”.,
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NDN1-999-2004-0010
Unit 1 IPEEE Fire lnduced Vulnerability Evaluatlon

i

PHASE Il (STEP 1) EVALUATION

PLANT LOCATION:SWITCHGEAR ROOM (FIRE AREA 6

a*b*c/d - -

1.70E-02

[

3.40E-03

Fire Protection Pane 3 0 ) 0.00E+00 .00E+00
RPS MG Set 3 40E-03 3 0 19 0.00E+00 0.00E+00
Non-Qualified Cable - . 8.40E-03 i 3 11 13388 8.22E-04 2.07E-05
Non-Qualified JB 1.30E-03 3 11 - 13388 8.22E-04 3.20E-06
Transformers 1.40E-02 3 0 48 0.00E+00 0.00E+00
Battery chargers 5.50E-03 3 0 34 0.00E+00 -0.00E+00
Air Compressors 5.90E-03 3 0 23 .0.00E+00 0.00E+00
Vent. Subsystems 1.60E-02 .3 0. 289 0.00E+00 0.00E+00

3.60E-02

Transients .3 . - 4 34 1.18E-01 1.27E-02
Cable Fire-Welding 1.30E-03 3 Tt .34 - "2,94E-02 -1.15E-04
Transient Fire-Welding 3.40E-02 i3 A 34 =« - 2.94E-02 - 3.00E-03
‘ TOTAL 1.92E-02
Note: (1) The" Location Weighting Factor” for "Plant Locations" is the number of units (3) divided by the number of switchgear rooms (15) .

(2)  Since the ignition frequency for plant location components is area based, individual cbmpo‘nent count is not necessary. Therefore,

no entries have been made for “Number of Components in Fire Area” and “Total Number in all Plant Locations”.
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Un|t 1 IPEEE Fire lnduced Vulnerablhty Evaluatlon
FIRE AREA ICOMPARTMENTATION IGNITION FREQUENCY !
' PHASE Il (STEP 1) EVALUATION . -
PLANT LOCATION SWITCHGEAR ROOM LRE AREA 7

f fLifS Jnrire: ; ) : g g : i
a b c od - c/d 'b’cld

Electric Cabmets ‘ 1.70E-02

3.40E-03

Plant Wides:

Fire Protection Panel 1.30E-03 3 0 - 25 0.00E+00 ' 0.00E+00
RPS MG Set 3.40E-03 3 0 19 ' 0.00E+00 0.00E+00
Non-Qualified Cable 8.40E-03 3 0 13388 0.00E+0Q0. 0.00E+00
Non-Qualified JB | . 1.30E-03 3 0 13388 0.00E+00 0.00E+00
Transformers 1.40E-02 3 0 48", 0.00E+00 0.00E+00
Battery chargers 5.50E-03 3 0. 347 : 0.00E+00 0.00E+00
Air Compressors- 5.80E-03 3 0 23; 0.00E+00 0.00E+00
Vent. Subsystems 1.60E-02 3 0 289 0 00E+00 0.00E+00

Transients 3.60E.02 Y 34 1.18E.01 . 1.27E-02

- 3

Cable Fire-Welding 1.30E-03 3 1 34 2.94E-02 1.15E-04

Transient Fire-Welding 3.40E-02 - 3 1 34 2.94E-02 3.00E-03
b TOTAL - - 1.92E-02

Note: (1) The"Location Weighting Factor” for "Plant Locatlons is the number of units (3) divided by the number of switchgear rooms (15)
(2) No Plant Wide ignition sources (except transients) exist in this area. L ,

(3) Since the ignition frequency for plant location components is area based, individual cohponent count Is not necessary. . Therefore, no
- entries have been made for “Number of Components in Fire Area” and “Total Number i in all Plant Locations”. i
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; NDN1-999-2004-001 0
Unit 4 IPEEE Fire Induced Vulnerability Evaluation

FIRE AREA /[COMPARTMENTATION IGNITION FREQUENCY
. PHASE Il (STEP 1) EVALUATION
PLANT LOCATION:SWITCHGEAR ROOM (FIRE AREA 8)

3.40E-03

PlantWide

Fire Protection Panel 1.30E-03 3 0 25 . 0.00E+00 | 0.00E+00
RPS MG Set 3.40E-03 3 0 19 - 0.00E+00 0.00E+00
Non-Qualified Cable " 8.40E-03 3 0 13388 0.00E+00 0.00E+00
Non-Qualified JB 1.30E-03 i3 0 13388 0.00E+00 0.00E+00
Transformers 1.40E-02 ;3 0 48 0.00E+00 0.00E+00
Battery chargers 5.50E-03 {3 0 34 0.00E+00 0.00E+00
Air Compressors 5.90E-03 3 0 23} 0.00E+00 1 . 0.00E+00
Vent. Subsystems 1.60E-02 3 0 289 0.00E+00 - 0.00E+00

34 ~ 1.18E-01 T 127602

Transients 3.60E-02 _ 3 -~ 4 .

Cable Fire-Welding 1.30E-03 -3 a1y s el s c-34. ). - 2.94E-02 1.15E-04

Transient Fire-Welding 3.40E-02 3 1 . 34 ] .-2.94E-02 3.00E-03
‘ TOTAL ’ 1.92E-02

Note: (1) The" Location Weighting Factor" for "Plant Locations" is the number of units (3) dlwdid by the number of switchgear rooms (15) -
(2)  No Plant Wide ignition sources (except transients) exist in this area, i

(3)  Since the ignition frequency for pIantlocat:on components is area based, individual component count is not necessary Therefore,
no entries have been made for “Number of Components in Fire Area” and “Total Number in all Plant Locations”,
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Umt 1 IPEEE Fire Induced Vulnerablhty Evaluation

7

S -./.

FIRE AREA ICOMPARTMENTATION IGNITION FREQUENGY
'PHASE Il (STEP 1) EVALUATION °

PLANT LOCATION: SWITCHGEAR ROOM (FIRE AREA 9

"b"cld

Electnc Cabmets 1.70E-02 0.2 ‘ | : 3.40E-03
Batteries'” 1.70E-02 1 ! 1.70E-03

PlantWidé
Fire Protection Panel 1.30E-03 '3 0 25" 0.00E+00 | 0.00E+00
RPS MG Set 3.40E-03 1 3 0 19! 0.00E+00 : 0.00E+Q0
Non-Qualified Cable . 8.40E-03 i3 5 13388 3.73E-04 : 9.41E-06
Non-Qualified JB 1.30E-03 3 5 13388 3.73E-04 ' 1.46E-06
Transformers . 1.40E-02 . 3 0 48 . : - 0.00E+00 : 0.00E+00
Battery chargers . 5.50E-03. + 3 2 34 5.88E-02 - : 9.71E-04
Air Compressors 5.90E-03 -3 0 234! 0.00E+00 0.00E+00
Vent. Subsystems 1.60E-02 3 4 289| 1.38E-02 . 6.64E-04
nitio
Transients 3.60E-02 3 4 ' 34 1.18E-01 1.27E-02
Cable Fire-Welding 1.30E-03 3 1 34 2.94E-02 1.15E-04
Transient Fire-Welding 3.40E-02 L 3 1 34, . : 2.94E-02 3.00E-03
: : TOTAL 2.26E-02

Note: (1) The" Location Welghtmg Factor” for "Plant Locations" is the number of units (3) divided by the number of switchgear rooms (15)

(2) Due to the presence of some batteries in the area, they are being included as contribution to the ignition frequency. 1 0% of the ignition
* frequency of a typical unit battery room has been added.

(3) Since the ignition frequency for plant.location components is area based individual component count is not necessary. Therefore, no
entries have been made for “Number of Components in Fire Area” and “Tt oial Number in all Plant Locations”. :
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Unit 1 IPEEE Fire Induced Vulnerability Evaluation

NDN1-999-2004-0010

i

FIRE AREA /JCOMPARTMENTATION lGNI'l"ION FREQUENCY
PHASE Il (STEP 1) EVALUATION

'
'

‘ PLANT LbCATlON SWITCHGEAR ROOM (FIRE AREA 10)

‘b“cld

Electnc Cabinets

1.70E-02

3.40E-03

Plant. Wide: 5

Fire Protection Panel 1.30E-03 3 0 25* 0.00E+00 0.00E+00
RPS MG Set . 3.40E-03 3 0 190 0.00E+00 0.00E+00
Non-Qualified Cable 8.40E-03 3 0 13388 0.00E+00 0.00E+00
Non-Qualified JB 1.30E-03 -3 0 13388 0.00E+00 0.00E+00
Transformers 1.40E-02 3 0 48 0.00E+00 0.00E+00
Battery chargers 5.50E-03 3 0 34 0.00E+00 0.00E+00
Air Compressors . 5.90E-03 C 3 0 23 0.00E+00 0.00E+00 -
Vent. Subsystems 1.60E-02 3 0 289 0.00E+0Q0 - 0.00E+00

Transients

3.60E-02

34

~1.18E-01

"1.27E-02

3 i SN
Cable Fire-Welding 1.30E-03 f 3 P AN 34’ 2.94E-02 . 1.156E-04 -
Transient Fire-Welding 3.40E-02 .3 -1 - 34 - 2.94E-02 3.00E-03 -
TOTAL 1.92E-02

Note: (1) The" Location Weighting Factor” for "Plant Locations" is the number of units (3) dlwded by the number of switchgear rocms (15)

(2) No Plant Wide lgmllon sources (except transients) exist in this area.

(3} Since the lgmt/on frequency for plant location components is area based, md/wdual component count is not necessary. Therefore, no
entries have been made for “Number of Components in Fire Area” and “Ti otal Number in all Plant Locations”
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. NDN1-999-2004-0010
Unit 1 IPEEE Fire Induced Vulnerability Evaluation

- .
.o

i

— _"/I'"

FIRE AREA /COMPARTMENTATION IGNITION FREQUENCY
PHASE Il (STEP 1) EVALUATION |

PLANT LOCATION'SWITCHGEAR ROOM (FIRE AREA 11)

requien

a*b*c/d

PlantiLocation

Electric Cabinets

1.70E-02

3.40E-03

PlantWide

Fire Protection Panel 1.30E-03 3 0 25 0.00E+00 0.00E+00 -
RPS MG Set 3.40E-03 3 0 19 0.00E+0Q0 0.00E+00
Non-Qualified Cable 8.40E-03 3 0 13388 0.00E+00 0.00E+00
Non-Qualified JB 1.30E-03 3 0 13388 0.00E+00 0.00E+00
Transformers 1.40E-02 ¢ 3 0 48 . 0.00E+00 0.00E+00
Battery chargers 5.50E-03 3 0- 34 .. . 0.00E+00 . 0.00E+00
Air Compressors’ 5.90E-03 3 0 23 . 0.00E+00 0.00E+00
Vent. Subsystems i3 0 289 0.00E+00 0.00E+00

Transients 3.60E-02 34 1.18E-01 1.27E-02.

Cable Fire-Welding 1.30E-03 3 1 34. 2.94E-02 1.15E-04

Transient Fire-Welding 3.40E-02 3 1 34 - 2 94E-02 3.00E-03
TOTAL 1.92E.02 -

Note: (1) The" Location Weighting Factor” for "Plant Locations" is the number of units (3) divided by the number of switchgear rooms (15)

(2) No Plant Wide ignition sources (excépt transients) exist in this area.

-

(3) Since the ignition frequency for planttlocat.'on components is area based, individual con;ponent count is not necessary. Therefore, no
" entries have been made for "Number of Components in Fire Area” and “Total Number in all Plant Locations”.
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FIRE AREA /COMPARTMENTATION IGNITION FREQUENCY

Unit 1 IPEEE Fire Induced Vulnerability Evaluatlon

NDN1 -999-2004-001 0

. PHASE Il (STEP 1) EVALUATION
PLANT LOCA'HON SWITCHGEAR ROOM (FIRE AREA 12)

PlantiLocation

Electric Cabinets

1.70E-02

‘Plant Wide

Fire Protection Panel 1.30E-03 3 0 0 00E+00

RPS MG Set 3.40E-03 + 3 0 0.00E+00 0 Q0E+00
Non-Qualified Cable 8.40E-03 3 0 0.00E+00 0.00E+00 -
Non-Qualified JB 1.30E-03 3 0 0.00E+00 0.00E+00
Transformers 1.40E-02 3 1 2.08E-02 8.75E-04
Battery chargers 5.50E-03 ) 0 0.00E+00° 0.00E+00
Air Compressors 5.90E-03 3 . 0 0.00E+00 0.00E+00
Vent. Subsyst - 1.60E-02 -3 1

Transients 3.60E-02 . 3 1.18E-01 _ 1.27E-02
Cable Fire-Welding 1.30E-03 . 3 S . ...34. - "2.94E-02 . 1.15E-04
Transient Fire-Welding 3.40E-02 K == 34y - - -2.04E-02 °__|! __ 3.00E-03

TOTAL ] 2.03-02 -

Note: (1) The" Location Weighting Factor" for "Plant Locations" is the number of units (3) divided by the number of switchgear rooms (15)

(2) Since the ignition frequency forplant location components is area based, individual component count is not necessary. Therefore, no
entries have been made for “Number.of Components in Fire Area” and “Total Number in all Plant Locations”. :

LY 4

0,

194

|

14
i

w

»




NDN1-999-2004-001 0
Umt 1 lPEEE Fire lnduced Vulnerablhty Evaluatlon
. . - . / .
FIRE AREA ICOMPARTMENTATION IGNITION FREQUENCY
. PHASE Il (STEP 1) EVALUATION
PLANT LOCATION SWITCHGEAR ROOM (FIRE AREA 13)

*b’cld

Electnc Cabinets

1.70E-02 [ 02 [ [

3.40E-03

‘Plant Wide:::

180803 [ v

0E

Fire Protectlon Panel 3 0 25 0.00E+00 0.00E+00
RPS MG Set 3.40E-03 03 0 194 0.00E+00 0.00E+00
Non-Qualified Cable 8.40E-03 i3 0 13388 0.00E+00 0.00E+00
Non-Qualified JB 1.30E-03 -3 0 13388 0.00E+00 0.00E+00
Transformers 1.40E-02 3 1 ‘48 . 2.08E-02 : 8.75E-04
Battery chargers 5.50E-03 "3 0. 34 0.00E+00 { _ 0.00E+00
Air Compressors - 5.90E-03 v 3 .0 0.00E+00 - { 0.00E+00
Vent. Sub v 3 0 i

Transients 3.60E-02 3 341, 1.18E-01 1.27E-02
Cable Fire-Welding 1.30E-03 3 34 ) 2.94E-02 1.15E-04
Transient Fire-Welding 3.40E-02 3 : 34 2.94E-02 3.00E-03

TOTAL 2.01E-02

Note: (1) The" Location Weighting Factor” for '"Plant Locatlons is the number of units (3) divided by the number of switchgear rocms (15)

(2) Since the ignition frequency for plant location components is area based, individual component count is not necessary. Therefore no
entries have been made for “Number of Components in Fire Area” and “Total Number il in all Plant Locatlons
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Unit 1 IPEEE Fire Induced Vulnerability Evaluation

FIRE AREA /COMPARTMENTATION IGNITION FREQUENCY
: PHASE Il (STEP 1) EVALUATION
PLANT LOCATION SWITCHGEAR ROOM (FIRE AREA 14)

e

Electrlc Cabmets

1.70E-02

3.40E-03

Plant Wide: i+

Fire Protection Panel 1.30E-03 - 3 0 25 0.00E+00 0.00E+00
RPS MG Set 3.40E-03 3 0 19 4 0,00E+00 0.00E+00
Non-Qualified Cable - 8.40E-03 3 0 13388 0.00E+00 0.00E+00
Non-Qualified JB 1.30E-03 -3 0 13388 0.00E+00 0.00E+00
Transformers 1.40E-02 '3 0 48 J 0.00E+00 0.00E+00
Battery chargers 5.50E-03 3 0 34 0.00E+00 0.00E+00
Air Compressors 5.90E-03 "3 - 0 23 1 0.00E+00 . 0.00E+00
Vent. Subsystems 1.60E-02 3 0. 289, 0.00E+00 - 0.00E+00

Transients 3.60E-02 3 34 1.18E-01 1.27E-02
Cable Fire-Welding 1.30E-03 3 15 ~--34. .|, - 2.94E-02 1.15E-04
Transient Fire-Welding 3.40E-02 3 -1 34 -7 T .-294E-02 3.00E-03

TOTAL 1.92E-02

Note: (1) The" Location Weighting Factor” for ”Plant Locations" is the number of units (3) divided by the number of switchgear rooms (15
(2) No Plant Wide ignition sources (except transients) exist in this area. .

(3) Since the ignition frequency for plant location components is area based, individual component count is not nec_:essary Therefore, no
entries have been made for “Number of Components in Fire Area and “Total Number in aII Plant Locations”.
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: NDN1-999.2004.0070 = .|
Unit 1 IPEEE Fire lnduced Vulnerabmty Evaluatlon

< ! )
-~ | . .

! ) .- -'-/i"

FIRE AREA /COMPARTMENTATION IGNITION FREQUENCY
' PHASE Il (STEP 1) EVALUATION
PLANT LOCATION:SWITCHGEAR ROOM (FIRE AREA 15)

— - ———————

a ) (] . d: cld a*b*c/d

Plant Location:..:
Electric Cabinets

‘Plant Wide:

Fire Protection Panel 1.30E-03 3 0 25 0.00E+00 , 0.00E+00
RPS MG Set 3.40E-03 3 -0 19 0.00E+00 0.00E+00
Non-Qualified Cable 8.40E-03 3 0 13388 0.00E+00 0.00E+00
Non-Qualified JB 1.30E-03 3 0 13388 0.00E+00 0.00E+00
Transformers 1.40E-02 3 0 48 0.00E+00 . 0.00E+00
Battery chargers 5.50E-03 3 0 34 0.00E+00 0.00E+00
Air Comprassors 5.90E-03 3 0 23, ‘ 0.00E+00 . 0.00E+00
Vent. Subsystems 1.60E-02 3 0 289 0.00E+00 . 0.00E+00

S 34 1.18E-01 - | - 1.27E-02-

Transients 3.60E-02 3

Cable Fire-Welding 1.30E-03 ) 1 34" 2.94E-02 1.15E-04

Transient Fire-Welding 3.40E-02 3 1 341 2.94E-02 3.00E-03
TOTAL 1.92E-02

Note: (1) The" Location Weighting Factor” for "Plant Locations" is the number of units (3) d/wded by the number of sw:tchgear rooms (15)
(2) No Plant Wide ignition sources (except transients) exist in this area. ‘ -

(3) Since the ignition frequency for plant location components is area based, individual component count is not necessary. Therefore no
entries have been made for "Number of Components in Fire Area” and “Total Number in all Plant Locations”.
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Unit 1 IPEEE Fire Induced Vulnerability Evalu:a;\tion

NDN1-999-2004-0010

]

FIRE AREA /COMPARTMENTATION IGNITION FREQUENCY
- PHASE Il (STEP 1) EVALUATION

PLANT LOCATION CONTROL BUILDING EL 593 (FIRE COMPARTMENT 16 1)
— tal NGmbe vy

Plant Location::

Electric Cabinets

1.60E-02

Pumps'”

PlantWide:: e S i s g
Fire Protection Panel 1.30E-03 .3 3 25, 1.20E-01 4.68E-04
RPS MG Set 3.40E-03 .3 6 19. 3.16E-01 3.22E-03
Non-Qualified Cable 8.40E-03 -3 140 13388 1.05E-02 2.64E-04
Non-Qualified JB 1.30E-03 -3 140 13388 1.05E-02 4,08E-05
Transformers 1.40E-02 r 3 0 .48 0.00E+00 0.00E+00
Battery chargers 5.50E-03 -3 -3 34 -8.82E-02 1.46E-03 .
Air Compressors 5.90E-03 .3 0 23° 0.00E+00 . - 0.00E+00
Vent. Subsystems 1.60E-02 3 -.3. ; 1.04E-02 4.98E-04

Transients

3.60E-02 3 4 ;- : - ~ 1.18E-01 1.27E-02

Cable Fire-Welding 1.30E-03 v 3 1 344 - “2.94E-02 1.15E-04
Transient Fire-Welding 3.40E-02 3 1 34 2.94E-02 3.00E-03
/ TOTAL 3.78E-02

Note: (1) This location in the control building is not categorized as a Plant Location/Building in Table 1.2 of Reference 1. The rgm{ron frequency
attributed due to electrical cabinets is assumed similar to a control building.

(2) OnIy a few small HVAC pumps with neghg:ble combust/bles are located in this area. Therefore, lmpact of pumps on the g“re frequency
is being neglected.

(3) Since the ignition frequency for plant location components is area based, individual component count is not necessary. Therefore no
entries have been made for “Number of Componenls in Flre Area and *Total Number inall Plant Locatrons
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; NDN1-999-2004-0010
Unit 1 IPEEE Fire Induced Vulnerab|I|ty Evaluatlon
_ - _‘. —/ -
FIRE AREA ICOMPARTMENTAﬂON IGNlTION FREQUENCY
¢ PHASE Il (STEP 1) EVALUATION

PLANT LOCATION CABLE SPREADING ROOMS A &BEL 606 (FlRE COMPARTMENT 16-2)
, f hitlo;

a*b*c/d

Fire Protection Panel 1.30E-03 3 8.00E-02 3.12E-04 -
RPS MG Set 3.40E-03 3 19 0.00E+00 0.00E+00
Non-Qualified Cable 8.40E-03 3 13388 : 1.08E-01 2.71E-03
Non-Qualified JB ' 1.30E-03 .3 13388 1.08E-01 4.19E-04
Transformers 1.40E-02 t 3 48 - 0.00E+00 0.00E+00

-| Battery chargers ‘ 5.50E-03 3 34. . 0.00E+00 0.00E+00
Air Compressors 5.90E-03 "3 23 4.35E-02 7.70E-04
Vent, Subsystems 1.60E-02 : ' 3 : 6.92E-03 3.32E-04

Transients 3.60E-02 3 ) . - 34 . 0.00E+00 . . 0.00E+00
Cable Fire-Welding 1.30E-03 3 . 34 - 0.00E+00 0.00E+00
Transient Fire-Welding 3.40E-02 -3 34 0.00E+00 0.00E+00

TOTAL ) ) 1.20E-02

Note: (1) There are two cable spreading rooms (CSR) in the plant. Units 1 and 2 CSR's are comgmed 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 barriers. For calculation purposes| 'the two CSR's will be cons:dened as one room.
Therefore, the we/ghtmg factor will be 3 (3 units/1CSR).

(2) Contribution due to transient combustibles is being neglected due to restrictions imposed by plant procedures.

(3) Since the ignition frequency for plant location components is area based individual component count is not necessary Therefore, no
entries have been made for “Number of Components in Fire Area and “Total Number in all Plant Locations”.
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Unit 1 lPEEE Fire lnduced Vulnerability Evaluatlon

| . !
FIRE AREA /COMPARTMENTATION IGNITION FREQUENCY
- PHASE Il (STEP 1) EVALUATION .

‘.
o

_PLANT LOCATION CONTROL ROOMS (FIRE COMPARTMENT 16-3)

Niribe:

Tatal Nurbé

a*b*c/d

Electric Cabinets

‘Platit. Wide

Fire Protection Panel 1.30E-03 i3 ; 4.00E-02 1.56E-04
RPS MG Set 3.40E-03 13 19 0.00E+00 0.00E+00 -
Non-Qualified Cable 8.40E-03 i3 13388 7.47E-03 1.88E-04
Non-Qualified JB 1.30E-03 3 13388 7.47E-03 2.91E-05
Transformers 1.40E-02 3 48 0.00E+00 0.00E+00
Battery chargers 5.50E-03 3 -34 ¢ 0.00E+00 0.00E+00
Air Compressors 5.90E-03 3 234 - 0.00E+00 0.00E+Q0..
Vent. Subsystems 1.60E-02 . 3 2891 1.04E-01 . © 4,98E-03

Transients 3.60E-02 3 -4 - 34 - 1.18E-01 1.27E-02

Cable Fire-Welding 1.30E-03 - 3 S I . 2.94E-02 1.15E-04

Transient Fire-Welding 3.40E-02 1 3 1 - 34 © 2.94E-02 3.00E-03""
TOTAL 6.92E-02 -

Note: (1) For Plant Locations, the calculated weighting factor should be 1 (3 units/3control rooms). Howaver, since the three control rooms are
located in one area without being separated by a fire barrier ( i.e., there is a potential of fire spread between control rooms) the 3

control rooms can be considered as one room and the weighting factor will be 3 (3 unitsl1 control room). .

(2) Since the ignition frequency for plant location components is area based, individual component count is not necessary Therefore, no
entries have been made for "Number of Components in F/re Aréa” and “Total Number in aII Plant Locatlons
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NDN1 -999-2004-001 0 :
Umt 1 IPEEE Fire Induced Vulnerablhty Evaluation

' re

FIRE AREA’ICOMPARTMENTATION IGNITION FREQUENCY
PHASE Il (STEP 1) EVALUATION |
PLANT LOCATION: BATTERY AND BATTERY BOARD ROOMS UNIT 1 1 (FIRE AREA 17) ;

a ‘b c d cl/d 'b"cld

‘Electric Cabinets 5.70E-02 0.25
Batteries 1.70E-02

1.43E-02
1.70E-02

Plant Widei:

Fire Protection Panel 1.30E-03 »3 0.00E+00 0.00E+00
RPS MG Set 3.40E-03 3 195 5.26E-02 5.37E-04
Non-Qualified Cable ._8.40E-03 '3 13388 . 0.00E+00 0.00E+00
Non-Qualified JB 1.30E-03 : 3 13388 0.00E+00 0.00E+00
Transformers - 1.40E-02 3 48 4.17E-02 1.75E-03
Battery chargers - 5.50E-03 '3 34 ; __8.82E-02 1.46E-03
Air Compressors 5.90E-03 3 23 : 0.00E+00 \ 0.00E+00
Vent. Subsystems 1.60E-02 3 289 0.00E+00 0.00E+00

Transients 3.60E-02 v 3 ] 4' ] 34, ' 1.18E-01  ~ "} ©  1.27TE-02 -

Cable Fire-Welding 1.30E-03 3 1 34: 2.94E-02 1.15E-04
Transient Fire-Welding 3.40E-02 L3 4 1 34 : _2.94E-02 3.00E-03
: : TOTAL 5.08E-02

Note: (1) This area comprises of 2 rooms, one contarnrng 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 only. The cabinet contribution will be assumed as 25% of the overall reactor building cabinets ignition frequency.
The other room will be designated as Battery Room location and contarn only the contnbut/on from batteries. This calculatron shows
the combined rgn/tron frequencies of the two rooms.

(2) Since the ignition frequency forplant location components is area based lnd/wdual component count is not necessary Therefore no
entries have been made for “Number, of Components in Fire Area and “Total Number in all Plant Locations”,
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PLANT LOCATION BATTERY AND BATI'ERY BOARD ROOMS UNlT 2 (FIRE AREA 18)

i
|

1

i
Unit 1’ IPEEE Fire Induced Vulnerability Evaluation

FIRE AREA /COMPARTMENTATION IGNITION FREQ‘UENCY

NDN1-999-2004-0010

PHASE Il (STEP 1) EVALUATION

j

I
o

i

'b"cld

Plant:Locatioh:

Electric Cabinets

5.70E-02

1.43E-02

Batteries

1.70E-02

1.70E-02

Plant Wide

Fire Protection Pane SOE- 0 25 0.00E+00 _0.00E+00
RPS MG Set 3.40E-03 - 3 1 19 5.26E-02 5.37E-04
Non-Qualified Cable 8.40E-03 3 1 13388 7.47E-05 1.88E-06
Non-Qualified JB 1.30E-03 M 1 13388 7.47E-05 2.91E-07
Transformers 1.40E-02 .3 0 48 0.00E+00 0.00E+00
Battery chargers 5.50E-03 3 3 - 34 8.82E-02 . 1.46E-03
Air Compressors -5.90E-03 t 3 -0 23 0.00E+00 -+ 0.00E+00
Vent. Subsystems 60E-02 3 -0 289 0.00E+00° 0.00E+00

nt:

Transients 3.60E-02 3 T4, 34 -1.18E-01 _1.27E-02

Cable Fire-Welding 1.30E-03 3 N 34, - 2.94E-02- -1.15E-04

Transient Fire-Welding 3.40E-02 ) 1 34 2.94E-02 3.00E-03
' TOTAL

4.91E-02

Note:

(1) This area comprises of 2 rooms, oné contalnrng 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 only. The cabinet tontribution will be assumed as 25% of thie overall reactor building cabinets ignition frequency.
The other room will be designated as Battery Room Iocatron and contain only the contribution from batteries. This calculahon shows
the combined ignition frequencies of the two rooms. :

(2} Since the ignition frequency for plant location componenls rs area based, .'nd/wdual component count is not necessary ;
entries have been made for 'Number of Components in Frre Area and "Total Number m all Plant Locatrons
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Unit 1'IPEEE Fire Induced Vulnerability Evaluation

. o o \
FIRE AREA ICOMPARTMENTATION IGNITION FREQUENCY

PHASE Il (STEP 1) EVALUATION
PLANT LOCATION BATTERY AND BATTERY BOARD ROOMS UNIT 3 FIRE AREA 19)

reqtiency.(F.
a*b*c/d

‘Plant Location?

Electric Cabinets 5.70E-02 ‘025 - 1.43E-02
Batteries 1.70E-02 P 1.70E-02
Plant Wid

Fire Protection Panel 1.30E-03 3 0 25! 0.00E+00 0.00E+00
RPS MG Set 3.40E-03 3 1 19 » 5.26E-02 5.37E-04
Non-Qualified Cable - 8.40E-03 3 0 13388 : 0.00E+00 0.00E+00
Non-Qualified JB 1.30E-03 3 0 13388 0.00E+00 ‘ 0.00E+00
Transformers - 1.40E-02 3 0. 48. 0.00E+00 : 0.00E+00
Battery chargers - 5.50E-03 ¢ 3 3 34 L 8.82E-02 - 1.46E-03
Air Compressors 5.90E-03 3 0 23 4 0.00E+00 0.00E+00
Vent. Subsystems - 1.60E-02 1 3 0 289 0.00E+00 - . 0.00E+00

4 34 1.18E-01

Transients 3.60E-02 3 } 1.27E-02
Cable Fire-Welding 1.30E-03 . 3 1 341 2.94E-02 § 1.15E-04
Transient Fire-Welding 3.40E-02 3 : 1 34¢ - 2.94E-02 d 3.00E-03

: : ' TOTAL H 4.91E-02

Note: (1) 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 only. The cabinet contribution will be assumed as 25% of the overall reactor building cabinets ignition frequency.
The other room will be des:gnaled as Battery Room location and contaln only the contribution from batteries. This calculat/on shows
the combined ignition frequencies of the two rooms. »-‘

(2) Since the ignition frequency for plant location components is area based, mdlwdual component count is not necessary: Therefore,
no entries have been made for "Number of Components in Fire Area” and “Total Number in all Plant Locations”. )
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NDN1-999-2004-0010 :
Unit 1 IPEEE Fire induced Vulinerability Evaluation
H . :

¢

FIRE AREA /COMPARTMENTATION IGNITION FREQUENCY
-+ PHASE Il (STEP 1) EVALUATION
PLANT LOCATION UNIT 112 DIESEL GENERATOR BUILDING (FIRE AREA 20)

requericy
a*b*c/d

wgighﬁngitactor_z(Wl
c/d

Diesel Generators 3.90E-02

1.56E-01

Electrical Cabinets 7.20E-03 2.88E-02 -
Plant:Wideé

Fire Protection Panel 1.30E-03 {3 2 25 8.00E-02 e 3.12E-04 -
RPS MG Set ‘ 3.40E-03 . 3 0 19 . 0.00E+00 0.00E+00
Non-Qualified Cable 8.40E-03 ;3 21 13388 1.57E-03 . 3.95E-05
Non-Qualified JB 1.30E-03 3 21 13388 1.57E-03 6.12E-06
Transformers 1.40E-02 1 3 3 - 4B 6.25E-02" 2.63E-03
Battery chargers 5.50E-03 i3 8 . 341 ' .2.35E-01 ___3.88E-03
Air Compressors - 5.90E-03 ;3 0. - 23! 0.00E+00 i . 0.00E+00 -
Vent. Subsystems - 1.60E-02 3 20 - |- 289 - 6.92E-02 _ 3.32E-03

cinsient Sour

Transients 3.60E-02 3 - &2 | . ..347 L - °1.47E-01 41.59E-02

Cable Fire-Welding 1.30E-03 : 3 i SR 34 = e -2.94E-02 - '. 1.15E-04

Transient Fire-Welding 3.40E-02 + 3 1 34 2.94E-02 3.00E-03 "
TOTAL 2.14E-01

Note: (1) BFN has two separate diesel generator buildings, one for units 1 and 2 and the other for unit 3. Each diesel building has 4 diesel
generators and associated electrical and mechanical systems. Thus fire frequency for one BFN diesel generator-building will be 4
times as much as the generic fire frequency (i.e., Plant Locatlon weighting factor of 4)

(2) Since the ignition frequency for plant location components is area based, individual component count is not necessary. Therefore,
_no entries have been made for "Number of Components in F:re Area” and “Total Number in all Plant Locatlons '
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NDN1-999-2004-001 0
Un|t 1 |PEEE Fire Induced Vulnerablhty Evaluatlon

e L
FIRE AREA ICOM PARTMENTATION IGNITION FREQUENCY
. PHASE Il (STEP 1) EVALUATION
PLANT LOCATION UNIT 3 DIESEL GENERATOR BUILDING (FIRE AREA 21)

*b*cld

‘Plant Location’
Diesel Generators 3.90E-02
Electrical Cabinets 7.20E-03

! 1.56E-01
2.88E-02

Fire Protection Panel 1.30E-03 3 2 25 ¢ 8.00E-02 3.12E-04
RPS MG Set 3.40E-03 3 0 19} 0.00E+Q0 ' 0.00E+0Q0
Non-Qualified Cable - 8.40E-03 -3 35 13388 2.61E-03 6.59E-05
Non-Qualified JB 1.30E-03 3 35 13388 2.61E-03 1.02E-05
Transformers . 1.40E-02 : .3 - 0. 484 0.00E+00 * 0.00E+00
Battery chargers - 5.50E-03 . 3 . .9 . - 34! 2.65E-01 - 4,37E-03
Air Compressors 5.90E-03 3 0 23 . 0.00E+00 0.00E+00
Vent. Subsystems 1.60E-02 3 28 289 9.69E-02 - . 4.65E-03

Transients 3.60E-02 3 5 34 1.47E-01 ‘ 1.59E-02

Cable Fire-Welding 1.30E-03 3 1 34 2.94E-02 1.15E-04.

Transient Fire-Welding 3.40E-02 3 : 1 34 : 2.94E-02 3.00E-03°
: ] : TOTAL 2.13E-01

Note: (1) BFN has two separate diesel generator buildings, one for units 1 and 2 and the other for unit 3. Each diesel building has 4 diesel
generators and associated electrical and mechanical systems. Thus fire frequency for one BFN dieSel generator building will be 4
times as much as the generic fire frequency ( i.e., Plant Location weighting factor of 4) :

(2) Since the ignition frequency for plant location components is area based, individual component count is not necessary. Therefore,
no entries have been made for "Number of Components in Fire Area” and “Total Number in all Plant Locations”.,
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Unit 1 IPEEE Fire Induced Vulnerablhty Evaluation

| 1,
: !
.' o ¢
FIRE AREA /COMPARTMENTATION IGNITION FREQUENCY
" PHASEl (STEP 1) EVALUATION

PLANT LOCATION SWlTCHGEAR ROOM UNIT 3 4KV SDBR (FIRE AREA 22) ‘ __

A N S

a'b’c/d

Flre Protection Panel 1.30E-03 0 25 0.00E+00 ' 0.00E+00Q
RPS MG Set 3.40E-03 0 19 0.00E+00 0.00E+00 -
Non-Qualified Cable 8.40E-03 15 13388 1.12E-03 2.82E-05
Non-Qualified JB 1.30E-03 15 13388 1.12E-03 _ 4.37E-06
Transformers 1.40E-02 0 48 0.00E+00 . 0.00E+00
Battery chargers 5.50E-03 0 .34 : 0.00E+00 0.00E+00
Air Compressors 5.90E-03 0 23 . ."0.00E+00 - 0.00E+00 .
Vent. Subsystems 1.60E-02 0- 289 0.00E+00 © 0.00E+00

Transients 3.60E-02 3 . 34 118E-01 1.27E-02
Cable Fire-Welding 1.30E-03 -3 T g el s 34 - |- T 294E-02 1.15E-04
Transient Fire-Welding 3.40E-02 3 1 - 34! |- -2.94E-02 3.00E-03

: TOTAL 1.93E-02

Note: (1) The" Location Welghtlng Factor" for "Plant Locat/ons" is the number of units (3) divided by the number of switchgear rooms-(15) -

(2)  Since the ignition frequency for plant location components is area based, individual component count is not necessary. Therefore,
no entries have been made for "Number of Components in Fire Area” and “Total Number in all Plant Locations”. '
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FIRE AREA /ICOM PARTMENTATION {GNITION FREQUENCY

i

NDN1-999-2004-0070 )
Unit 1 IPEEE Fire Induced Vulnerability Evalugtion

LN

-]

- _./'

PHASE Il (STEP 1) EVALUATION

PLANT LOCATION: SWITCHGEAR ROOM, UNIT 3 4KV SDBR (FIRE AREA 23)

~c/d

a'breld

Plant L'ogttio

Electric Cabinets

Plaht:Wide:

Fire Protection Panel 1.30E-03 3 0 25 0.00E+00 0.00E+00 -
RPS MG Set 3.40E-03 -3 -0 19 0.00E+00 0.00E+00 ---
Non-Qualified Cable 8.40E-03 3 15 13388 1.12E-03 2,82E-05
Non-Qualified JB 1.30E-03 3 15 13388 1.12E-03 4.37E-06
Transformers 1.40E-02 3 0 48 i -0.00E+00 0.00E+00
Battery chargers 5.50E-03 3 0- 34 1. - 0.00E+00 0.00E+00
Air Compressors 5.90E-03 3 - 0 23 0.00E+00 0.00E+00
Vent. Subsystems 1.60E-02 3 0 289 0.00E+00 0.00E+00

Transients 3.60E-02 i 3 4 34 1.18E-01 1.27E-02 .

Cable Fire-Welding 1.30E-03 -3 1 34 2.94E-02 1.15E-04

Transient Fire-Welding 3.40E-02 ¥ 3 1 34 2 94E-02 3.00E-03
TOTAL 1.93E-02 -

. Note: (1)

The" Location Weighting Factor” for “Plant Locations" is the number of units (3) dlwded by the number of switchgear rooms (15)

(2) Since the ignition frequency for plant location components is area based, individual component countis not necessary.’ Therefore,
no entries have been made for “Number of Components in Fire Area” and “Total Number in all Plant Locations™.

{
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. NDN1-999-2004-0010 P
Unit 1 IPEEE Fire Induced Vulnerability Evaluation

FIRE AREA ICOMPARTMENTATION IGNITION FREQUENCY
% PHASE Il (STEP.1) EVALUATION
PLANT LOCATION: SWITCHGEAR ROOM, UNIT 3 4KV BUS TlE BOARD ROOM (FIRE AREA 24
ation Weighti

a rs c‘ . ) d:v | - eld | | -a*b*e/d

Plant Locatio

Electric Cabinets

Plant:Wide: 5

Fire Protection Panel 1.30E-03 3 0 25 0.00E+00 . 0.00E+00
RPS MG Set 3.40E-03 . © 3 0 19 0.00E+00 : 0.00E+00
Non-Qualified Cable 8.40E-03 b3 8 13388 5.98E-04 1.51E-05
Non-Qualified JB 1.30E-03 i3 8 13388 5.98E-04 2.33E-06
Transformers 1.40E-02 ° L3 0 48 -, 0.00E+00 0.00E+00
Battery chargers 5.50E-03 v 3 0 .34 1 0.00E+00 j 0.00E+00
Air Compressors 5.90E-03 ) 0 23 ¢ . ‘0.00E+00 - 0.00E+00 .
Vent. Subsystems 1.60E-02 ¢ 3 0 289, 0.00E+00 . "~ 0.00E+00

Transients 3.60E-02 1 3 ) 34 148E-01 ' 1.27E-02

Cable Fire-Welding 1.30E-03 3 a4 el o34 - 0 T 2.94E-02 : 1.15E-04

Transient Fire-Welding 3.40E-02 .3 K . 34, - -~ 2.94E-02 : 3.00E-03
TOTAL 1.92E-02 -

Note: (1) The" Location Weighting Factor” for "Plant Locatlons is the number of units (3) dividdd by the number of switchgear rooms (15) -

(2)  Since the ignition frequency for plant location components is area based, individual component count is not necessary. Therefore,
no entries have been made for "Number of Components in Fire Area” and “Total Number in all Plant Locat/ons
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NDN1-999-2004-0010 v
Unit 1 IPEEE Fire Induced Vulnerability Evaluation
. e o /,
FIRE AREA ICOMPARTMENTATION IGNITION FREQUENCY
PHASE Il (STEP 1) EVALUATION  :
PLANT LOCATION: lNTAKE PUMP STATTION (FIRE COMPARTMENT 25-1)

a‘b"c(d

Electrlc Cabinets 5.50E-03 3 1.65E-02
Fire Pumps 2.40E-03 © 3 7.20E-03
Others 8.00E-03 "3 2.40E-02
Plant Wide:

Fire Protectlon Pane .30E- © 3 1 25" 4.00E-02 ] 1.56E-04
RPS MG Set 3.40E-03 . 3 0 19 0.00E+00 ' 0.00E+00
Non-Qualified Cable 8.40E-03 3 271 13388 .2.02E-02 | 5.10E-04
Non-Qualified JB 1.30E-03 < 3 - 211 13388 . - . 2.02E-02 ' 7.89E-05
Transformers 1.40E-02 -3 -3 48 1| 6.25E-02 2.63E-03
Battery chargers 5.50E-03 : ~ 3 0 34 \ : 0.00E+00 | 0.00E+00
Air Compressors 5.90E-03 . 3 0 23 : 0.00E+00 ..~ 0.00E+00
Vent. Subsystems 1.60E-02 3 8 289: 2.77E-02 . 1.33E-03

Tr# nsients 3.60E-02 !

3 7 34, 2.06E-01 2.22E-02

Cable Fire-Welding 1.30E-03 .3 1 34' ' 2.94E-02 . 1.15E-04
Transient Fire-Welding 3.40E-02 3 1 34 : 2.94E-02 3.00E-03
TOTAL ' 7.77E-02

Note: (1) The" Location Weighting Factor” for "Plant Locations” is the number of units (3) divided by the number of rntake pump stations (1).

(2) Since the ignition frequency for plant location components is area based, individual component count is not necessary. . Therefors, no
entries have been made for “Number of Components in Fire Area” and “Total Number in all Plant Locations”.
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' NDN1-999-2004-0010
Unit 1, IPEEE Fire Induced Vulnerability Evaluation

L n

i

FIRE AREA ICOMPARTMENTATION IGNITION FREQUENCY :
7 PHASE Il (STEP 1) EVALUATION | J
PLANT LOCATION PIPE TUNNEL (FIRE COMPARTMENT 25-2) i

a — b J'c‘A ~ d — old T arbeld

Plant. Wide i

Fire Protection Panel 1.30E-03 3 0 25 0.00E+00 ‘ 0.00E+00
RPS MG Set 3.40E-03 . - 3 0 19 0.00E+00 ' 0.00E+00 °
Non-Qualified Cable B.40E-03 '3 5 13388 3.73E-04 9.41E-06
Non-Qualified JB 1.30E-03 -3 5 13388 3.73E-04 _ 1.46E-06
Transformers 1.40E-02 3 0 48 0.00E+00 ! 0.00E+00
Battery chargers 5.50E-03 v 3 0 34 - . 0.00E+00 0.00E+00
Air Compressors 5.90E-03 .3 -0 23 *0.00E+00 0.00E+00
Vent. Subsystems 1.60E-02 -3 ‘0 289 0.00E+00 0.00E+00

NOTRANS|ENTS. : - .
| I [ s | - 7OTAL-: -] . [ 1.09E-05

e

Note: (1) The" Location Weighting Factor” foﬁr "Plant Wide" component is the number of units (3).

! . "

210

pos
’
P B
CeemeTEg YT 04
»
.
L)




Umt 1 IPEEE Fire |nduced Vulnerablllty Evaluatlon

NDN1 -999-2004-001 0

[
". k
L
J

. '. --_/3' -
FIRE AREA /COMPARTMENTATION IGNITION FRéQUENCY

PHASE il (STEP 1) EVALUATION |

.
e —_l —

PLANT LOCATION TURBINE BUILDlNG (FIRE COMPARTMENT 25-3)
' Total 1141

'b"cld

Boiler 1.30E-03 3 3.90E-03
Electric Cabinets 2.50E-02 3 7.50E-02
Feedwater Pumps 1.20E-02 3 3.60E-02
Other Pumps 1.70E-02 3 5.10E-02
T/G Excitor 5.70E-03 3 1.71E-02
T/G Oil 1.20E-02 i 3 3.60E-02
T/G Hydrogen_ 03 ¥ 3 2.31E-0
‘Plant:Widesi S 4

Fire Protection Panel 1.30E-03 3 4 25° 1.60E-01 6.24E-04
RPS MG Set 3.40E-03 3 2 19 . 1.05E-01 1.07E-03
Non-Qualified Cable 8.40E-03 3 6264 13388 4 68E-01 . 1.18E-02
Non-Qualified JB 1.30E-03 ) 6264 13388 4.68E-01 - 1.82E-03
Transformers 1.40E-02 3 20 48+ 4.17E-01 1.75E-02
Battery chargers 5.50E-03 3 1 34 2.94E-02 4.85E-04
Air Compressors 5.90E-03 3 16 23. 6.96E-01 1.23E-02
Vent. Subsystems 1.60E-02 -3 128 289 4.43E-01 2.13E-02
Off-Gas/H2 Recombiner 7.40E-02 3 3 1.00E+00 2.22E-01

Transients 3.60E-02 '3 34. 2.35E-01 2.54E-02
Cable Fire-Welding 1.30E-03 - 3 1 34 2.94E-02 : 1.15E-04
Transient Fire-Welding 3.40E-02 F 3 1 34 2.94E-02 . { -~ 3.00E-03

] TOTAL §  b5.59E-01

Note: (1)

The" Location Weighting Factor” for "Plant' Wide" component is the number of units (3)

A

1
]

(2) Since the ignition frequency for plant location components is area based, individual component count is not necessary l Therefore, no

entries have been made for “Number of Components in Fire Area” and “Total Number in all Plant Locations”.,
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Unit 1 IPEEE Fire Induced Vulnerability Evaluatlon

 ATTACHMENTC .
FIRE DAMAGE ANALYSIS

C.1 Consideration of plant wide and plant locatlon components for zone of mﬂuence
(ZO)) calculations. P

This document provndes ‘the calculations used to generate the fire damage envelope or
zone of influence, for fixed fire sources in the Unit 1. Reactor Building. The heat release
rates and combustible values used in these calculatlons are taken from Attachment A,
Heat Release Rates. .

The selection of fire sources for analysis was based on the potential for the component fo-

ignite and release heat without the presence of an exposmg fire. The total combustible
loading .and heat release rates were significant factors’ in the selectlon of these fire

sources, since these parameters define the fi re size, - owmees o Tmemmeme

Plant Wide Components : :
The selection of plant-wide components for evaluatcon is described below.

]

Transformers o : :
Four transformers listed in Table B-1 (Plant Wde Component List) have been ldentmed
as potentlal fire sources. _ Co - o .

R .

“' Loy
1 O

o

4kV/480V Transformers TS1Aand TS1B | _ ('Frre ).zo'ne 1:5)
240V Lighting Transformer TL1A . . (Fire zone 1-5)
- 4kV/480V Emergency Transformers TS1E, (o:l) (Fire zone 1-6) -

In addition, there are two dry-type light transfonners at el 519' and 541", these have no
PSA impact. -
- EARA RPN e ko e T WTEL s W ol e e - P _—
RPS MG Sets i

The LPCI MG sets were removed. The recirc pump MG sets were abandoned.

Air Compressors :
The drywell/Torus compressor is removed from Fire Zone 1-1. There-are no air

compressors modeled.

Fire Protection Panels

Four fire protection panels were identified in Attachment B. Due to the presence of
negligible amounts of combustibles and the existence of low power circuits, any fire that
could develop within these panels would be of an insignificant nature and would not
present an exposure fire hazard for other plant components.
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Unit 1 IPEEE Fire Induced Vulnerabxhty Eva!uatlon

Ventilation Subsystems
Nineteen ventilation subsystems have been identified in Attachment B, Plant Wide
Component List. The six air cooling units associated with the RHR and. Core Spray
Pumps are evaluated along with the.respective pumps The four_following systems are
evaluated as potential fire sources. .

Shutdown Board Room 1B HVAC Compressor Motor (2)

and Fan Motor (2) (Fire zone 1-4)
Plant Location Components !
Electrical cabinets and pumps are categorized as plant location components, as opposed
. to plant wide components, for the Reactor Building. A generic fire frequency is assigned-
for these components as a group, based on the EPRI FIVE documentation. The following
" elégtrical ‘panels ‘were considéred as "potential fifé:sources based "on:their combustible
characteristics (i.e.', switchgear, motor control centers, large control panels, etc.). The
c'ofnponents that were not separately considered for detailed evaluation. at this point
contaln limited combustibles and have low electrical energy. These components were
therefore judged as unlikely to present an exposure fire hazard.

Electric Panels

Fire Zone 11 480V RMOV Board 1C

N 480V RB Vent Board 1B.

250V RMOV Board 1C
1-PNLA-25-340 ES Div | and Il panel

Fire Zone 1-5 240V Lighting Board 1A
1-LPNL-025-0031 (RCIC Aux Control Panel)
4kV RPT Board 1-1, Panel 1 and 2
. 4kV RPT Board 1'-'2,‘ Panel1and2 = ° - -
Panel 25-3 (Filter demin)

Fire Zone 1-6 VFD 1A (panel)
VFD 1B (panel)

Pumps

Reactor Building pumps were considered as potential fire sources based on the size of
their. associated motor (over & horsepower) and significant oil and grease content.
Pumps were also screened from further consideration based on location (i.e., sump
pumps, pumps located in isolated rooms, etc.), mode of operation (i.e., normally de-
energized), small motor size and low combustible loading (i.e., limited oil and grease
content). The following pumps remained for detailed analysis following this review:
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Fire Zone 1-1 Core Spray Pumps 1A-and 1C
RHR Pumps 1A and 1C

HPCI Pump’ : .
BCICPump - .

Fire Zone 1-2  Core Spray Pumps 1B and 1D
| RHR.Pumps 1B and 1D

Fire Zone 1-3  RCW Pump 1A | o | R .
C.2 FIRE DAMAGE ENVELOP OR ZONE OF INFLUENCE (zon CALCULATIONS C e

The FIVE methodology provrdes guidance to perform prehmrnary evaluatron of areas wrth

.-respect to their fire hazards potential.- -The screening methodology -requires identification .- .e~- . -

of credible fire scenarios defining potential targets and fire sources and their geometnc
relatlonshlps The followmg general scenarios wnII be considered:

- Targets Iocated in the plume, directly above the flre,source.
- Targets located next to fire source, exposed to heating by thermal radiation.
- Targets located in the hot gas layer or in the celhng jet (outside the plume)

', .‘\q
e,

The following parameters are used in this evaluatlon

- Damage Temper,ature = 425°F . (Based on'non -qualified cables)

- Critical Heat Flux = 0.5 Btu/sec/At® (Based on non- qualmed cables)
- Heat Loss Fraction = 0.70

- Area Geometry (See accompanying spread sheets)
- Heat Release Rates (See accompanying spread sheets)

- Heat of- combustlon (From Reference 4) - s e L e e

The fire sources have to be analyzed for their potential to form hot gas layer which may
cause damage to all components in the area; or the potential to create ceiling jet sub.
layer causing damage beyond the fire plume zone. Detailed evaluations will be required
for these scenarios. The "No-Damage" distances are pre-calculated for all credible fire
sources. Once the fire damage envelop (zone of influence) is determined, the
components likely to be damaged are thus identified. The following spreadsheets are
used to calculate the damage height, critical radial distance and potential for the targets
being in the hot gas layer or ceiling jet.

The damage threshold elevation (Z_,) and the critical radial distance (R,,) are calculated

based on FIVE guidance. The ceiling jet sub layer can form if the damage threshold
elevation exceeds the ceiling height. It should be noted that the damage elevation is
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Section 6.2.
: Table C.2-1 .
o T rmmese o Zoneof Influence (ZOIlSummary S ST e
} Ignition Sources Damage Height Critical Radial Distance
. (Unit 1) (ft)_ (ft)
480V RMOV BD 1C 8.9 3.5
480V RB Vent BD 1B 11.7 4.9
1250V RMOV BD 1C 11.8 49
1-LPNL-925-340 ES Div | & Il Panel 9.0. : 3.5
E) 541: GE Dry-type Transformer' 8.3 3.3
519.0-R-1B: Dry-type Transformer' 7.0 2.7
SRM-1RM Drive Control Panel 25-14' 9.0 3.5
SRM Preamp Panel 25-27° 9.0 3.5
RCW Pumps 1A 85 . 3.5
RCW Pumps 1B’ 8.5 3.5
Panel 25-6A RPS & NSSS RPS I 8.6 3.5
Panel 25-6-001' 8.5 3.5
Panel 25-5A RPS & NSSS RPS I}’ 8.6 3.5
Panel 25-218' 8.5 3.5
RBCCW Pump 1A/1B’ 85 . 3.5
240V Lighting BD 1A 9.3 3.5
. 240V Lighting Transformer TL-1A® 14.0 . 5.3
4kV-480V Emergency Transformer 1A & 1B 9.7 3.8
4KV RPT BD 1-1/1-2 10.5 3.5
1-LPNL-025-0031: RCIC Backup Control 11.8 3.5
Panel 25-3 (filter demin.) 10.5 ‘3.5
Panel 25-9 (Sample panel) ' 8.5 3.5
SLC Pump Aor B (oil)’ 16.9 5.4
Panel 1-25-213 & 1-25-222' 9.1 3.5
VFD 1A/1B (Panel) See Note 3 3.5
‘Core Spray Pumps 1A/1C Fire damage limited to loss of associated Loop 1
components and RCIC Pump.
RHR Pumps 1A/1C Fire damage limited to loss of associated RHR
components and HPCI Pump-
RCIC Pump Fire damage limited to loss of Loop 1 CS
components and RCIC Pump.

~ NDN1-999:2004-0010 |
Unit 1 IPEVEE}Fire'Induced Vulnerability E\(aluation

based on the combined affects of the ambient temperature rise due to complete pyrolysis
of the fire source and the direct affect of the fire plume. When a hot upper layer is
formed, the plume temperature is affected since the plume now includes added enthalpy
_-by.entraining hot layer gas as it moves through the upper layer to the. ceiling. The gritical _
temperature rise AT, (Damage temp. - Ambient temp) is adjusted to account for the hot
gas layer temperature rise (T,,,...)-

" Table C.2-1 summarizes the results of the Zone of Influence (ZO1) calculations. The
individual fire source calculations are performed in Table C.2-2. Where the fire source
resulted in hot gas layer conditions, detailed fire hazards evaluation was performed in
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“[HPCIPump

NDN1-999-2004-0010
Unit 1 IPEEE Fire Induced Vulnerablllty Evaluatlon

Table C.2-1 :
Zone of Influence (Z0l) Summary

Ignition Sources

Damage Height Critical Radial Distance
(ft) (ft)

(Unit 1)

Fire damage limited to loss of RHR 1A/1C
components and HPCi Pump

Cdre Spray Pumps 1B/1D -

Fire damage limited to loss of assocnated Loop 2
CS components.

RHR Pumps 1B/1D Fire damage limited fo loss of assocuated RHR
. " components.’
CRD Pumps 1A/1B Walkdown confirms no credible fire scenario

because pumps are located on grating (hence
cannot form oil')pool), and in isolated area.

Shutdown Board 1B Room HVAC Fan Motor (1A
and 1B)

The fan motoris totally enclosed within a large-
steel housing. ‘Negligible amount of combustibles
within the housing. No fire impact is postulated.

4kV-480V Emergency Transformer TS1E (oil) -

Oil Transformer TS1E fire will cause hot gas layeér,

see section 6.2.1 for details.

Primary Containment Purge Filter Unit

The purge unit'is used to purge containment
during plant shutdown. Itis not operated
continuously. “The heating of the charcoal beds -
due to any radioactive decay heat buildup will be
negligible. A fire is therefore, not postulated.
Even if the fire occurs, it will be contained within
the stainless steel housing. .

Note 1: Zone of influence were calculated; walkdown found no fire impact.
2: Zcrit > Ceiling height, hot gas layer will form .See sect/on 6.2.1 for detalls -
3: Large amount of combustible, form hot gas fayer.” ’ :

e e e PR e
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NDN1-999:2004-0010 .
Unit 1 IPEEE Fire Induced Vulnerability Evaluation

e v, e

Table C.2-2 (1)

Location: 1-1

Reactor Building, Unit 4, EL 565

Ly

Fire Source: 1-1-1

- —

_-ABOV RMOV.Board 1C. . . . -

Floor Area f 15984 <-User Input
Maximum Ambient Temperature (Ta) (°F) 100 <-User Input
Critical Radial Flux to Target Btu/s/ft? 05 <-User Input
Radiant Fraction of Heat Release 0.4 <-User Input
Critical Damage Temperature (Tc) C°F) 425 1] <-User Input
Height from Fire Source to Ceiling, H ft. 22 <-User Input

Fire heat release rate (Q) Btu/sec 190 <-User Input
Location factor (LF) 1 <-User Input
Effeclive heat release rate (Qqy) —=I* Btulsec™|- -~ 1907 = Q'LF
Critica! temperature rise (AT)c C°F) 296 Te-Ta-Thglner
Dainégg Threshold Elevation {Z) ft 8.9 Equation 1 & 2
Radiant Heat Release rate Btu/s 76.0 Q.r-Radiant Frac.
Critical Radial Flux to Distance - ft 35 (Equation 5)
Total Heat (Qtot to HGL) Btu - 560000 <-User Input
Estimated Heat Loss Fraction (HLF) 0.70 <-User Input -
Calculated Qnet Btu 168000 Qtot (1-HLF)
Chlculated Enclosure Volume, V ft* 351648

Calculated Qnet/V Btust® 0.48

HGL Temperature Increase (Tpg.ne) F 29 Equation 3 and 4
Hot Gas Layer Temp. (Thg) F 129 Ta+HGL Temp incr.
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Table C.2-2 (2)

Location: 1-1 Reactor Building, Unit 1, EL 565 .
Fire Source 1-1-2 ¢ 480V RB Vent Board 1B ‘ -
Floor Area ft? 15984 <-User Input
Maximum Ambient Temperature (Ta) °F) . 100 <-User input .
Critical Radial Flux to Target Btu/s/ft? 05 <-User Input
Radiant Fraction of Heat Release - 04 -<-User Input.

Critical Damage Temperature (Tc) (°F) 425 <-User Input

Height from Fire Source to Celling, H ft e, 22 <-User Input

Fire heat release rate (Q) Btu/sec 190 <-User Input
Location factor (LF)- . + 2 <-User Input
Effective heat release raté {Qen) — = “T1="Blu/séc .. 380 ‘Q'LF - - R I
Critical temperature rise (AT)crt °F) . 296 Te-Ta=Thghner
Damage Threshold Elevation (Z.y) ft 1.7 Equation 1.& 2
Radiant Heat Release rate Btu/s " 152.0 Q.Radiant Frac.
Critical Radial Flux to Distance ft . 49 (Equation 5) )
Total Heat (Qtot to HGLY Blu.: 560000 <-User Input
Estimated Heat Loss Fraction (HLF) o .' Cor ".;-’0.70 <-User Input -
Calculated Qnet ' . . w ' Btu - " 168000 Qtot (1-HLF) .
Calculated Enclosure Volume, V ft* ' +'351648 o

Calculated Qnet/V Btuft® 0.48 o

HGL Temperature Increase (Tigtina) F 29 Equation3and 4~
Hot Gas Layer Temp. (Thg). F 129 Ta+HGL Temp incr. -
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Unit 1 IPEEE Fire Induced Vulnerability Evaluation

Table C.2-2 (3)

Location: 1-1 Reactor Building, Unit 1, EL 565
Fire Source 1-4-3- — - | -~ .. .250VRMOVBoardiC- .
Floor Area ft? - 15984 | <-UserInput
Maximum Ambient Temperature (Ta) (°F) 100 - | <-User Input
Critical Radial Flux to Target Btu/s/ft? 0.5 <-User Input
Radiant Fraction of Heat Release 04 <-User Input
Critical Damage Temperature (Tc) °F) 425 Il <-User Input
Height from Fire Source to Celling, H ft 22 <-User Input
Fire heat release rate (Q) Blu/sec 190 <-User Input
Location factor (LF) 2 " <-User Input
Effeglive heat réléaserale (Qa) ““Blulsec{- - - 380 -~ { Q'LF - S
Critical temperature rise (AT)erit °F) ' 290 TeTa=Thgtiner

- |. Damage Threshold Elevation (Z.) ft 11.8 Equation1 &2
Radiant Heat Release rate Btu/s 152.0 Q.rRadiant Frac.
Critical Radial Flux to Distance ft 49 (Equation 5)
Total Heat (Gtot to HGL) Btu © 672000 <-User input
Estimated Heat Loss Fraction (HLF) , 0.70 <-User Input"
Calculated Qnet Btu 201600 Qtot (1-HLF)
Calculated Enclosure Volume, V e 351648 :
Calculated Qnet/V Btu/t® 0.57
HGL Temperature Increase (Trgliner) F 35 Equation 3 and 4
Hot Gas Layer Temp. (Tyg) F 135 . Ta+HGL Temp incr.
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Unit 1 IPEEE Fire Induced Vulnerability Evaluatlon

Table C.2-2 (4)

Location: 1-1 (or 1-2) Reactor Building, Unit 4, EL 565
Fire Source 1-1-8 or 1-2-3 - . . Panel 1-25-340 ES Divlandll.. :_ . . .
Floor Area ft? 15984 <-User Input '
Maximum Ambient Temperature (Ta) °F) 7100 <-User Input .
Critical Radial Flux fo Target” Btu/s/ft? - 0.5 <-User Input
Radiant Fraction of Heat Release | 0.4 <-User Input
Critical Damage Temperature (Tc) °F) 425 <-User Input
Height from Fire Source to Ceiling, H ft ., 22 <-User Input
Fire heat release rate (Q) Btu/sec .,+190 <-User Input
Location factor (LF) . o 1 <-User input

| Effective heat release rate (Qen) Btu/sec | o490 =} QLF. o= T
Critical temperature rise (AT)crt °F) . 289 Te=Ta-Thgtaner.
Damage Threshold Elevation (Z,y) "t 9.0 - Equation 1 & 2
Radiant Heat Release rate Btu/s * 76.0 Q.rRadiant Frac.
Critical Radial Flux to Distance ft S 35 {Equation §) . s
Total Heat (Qtot to HGL) Btu .. . 700000 <-User Input
Estimated Heat Loss Fraction (HLF) Y . ,'".,:-0.70 <-User Input -
Calculated Qnet Btu ", 210000 Qtot (1-HLF)

| Calculated Enclosure Volume, V fd - ! /351648 T
Calculated Qnet/V . BtuAt® 0.60 ,
HGL Temperature Increase (Thguincr) F 36 Equation3and 4 -
Hot Gas Layer Temp. (Thq) F 136 Ta+HGL Temp incr.
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Unit 1 IPEEE Fire Induced Vulnerability Evaluation

Table C.2-2 (5)

Location: 1-2 Reactor Building, Unit 1, EL 541

Fire Source - - -El.541:.GE Dry Type XFMR -

Floor Area ft2 15984 <-User Input

Maximum Ambient Temperature (Ta) °F) 100 <-User Input

Critical Radial Flux to Target Btu/s/ft? 0.5 <-User Input

Radiant Fraclion of Heat Release 04 <-User Input

Critical Damage Temperature (Tc) °F) 425 <-User Input

Height from Fire Source to Ceiling, H ft 22 <-User Input

Fire heat release rate (Q) Btu/sec 168 <-User Input

Location factor (LF) 1 <-User Input

Effeclive heat release rate (Qen) = """ Btuséc™| —-—68~ "~ T|QLF T oo

Critical temperature rise (AT)ery C°F) " 304 Te-Ta=Thetaner

Damage Threshold Elevation (Z..) ft 8.3 Equation 1 & 2

Radiént Heat Release rate Btu/s 67.2 Qer-Radiant Frac..

Critical Radial Flux to Distance - ft 3.3 (Equation 5)

Total Heat (Qtot to HGL) Btu " 420000 <-User Input .

Estimated Heat Loss Fraction (HLF) , 0.70 <-User Iinput -

Calculated Qnet Btu 126000 Qtot (1-HLF)

Calculated Enclosure Volume, V f® 351648

Calculated QnetV Btw/ft® 0.36

HGL Temperature Increase (Tpg.inc) F 21 Equation3 and4
"|Hot Gas Layer Temp. (Thg) F 121 Ta+HGL Temp incr.
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Table C.2-2 (6)

Location: 1-2

Reactor Building, Unit 1, EL 519

- §Fire Source

¢ -

s ————

. 519.0-R-18: Dry Type XFMR

222

Floor Area ¢ 15984 | <-User Input
Maximum Ambient Temperature (Ta) °F) . 100 <-User Input -
Critical Radial Flux to Target Btu/s/ft? ‘0.5 <-User Input
Radiant Fraction of Heat Release - 04 <-User Input..
Critical Damage Temperature (Tc) (°F) . 425 <-User tnput
Height from Fire Source to Ceiling, H ft .22 <-User Input
Fire heat release rate (Q) Btu/sec =112 <-User Input
Location factor (LF) - ; *q <-User Input
“|Effective heatrelédserate (Qen) ~~ =~~~ Blulsec |7 T 112° Q'LF
Critical temperature rise (AT)cri CF) : 311 TeTa-Thginer .
Damage Threshold Elevation (Z.4) Cft 7.0 Equation 1 & 2
Radiant Heat Release rate Blu/s " 448 QerRadiant Frac.
Critical Radial Flux to Distance ft <27 (Equation 5) .
Total Heat (Qtot to HGL) Btu .: .280000 <-User Input
Estimated Heat Loss Fraction (HLF) o ) T 1+0.70 <-User Input -
Calculated Qnet S Btu- | , .. 84000 Qtot (1-HLF) |
Calculated Enclosure Volume, V e +" 351648 '
Calculated Qnet/V Btw/ft* 0.24 .
HGL Temperature Increase (Thgiincr) F 14 Equation3and4
Hot Gas Layer Temp. (Thg) . F 114 Ta+HGL Temp incr.
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Unit 1 IPEEE Fire Induced Vulnerability Evaluation

Table C.2-2 (7)

Location: 1-2

Reactor Building, Unit 1, EL 565

-|Fire Source - e i—— s o —_ — SRM-1RM Drive Control Panel 25-14
Floor Area ft? - 15984 <-User Input
Maximum Ambient Temperature (Ta) °F) 100 <-User Input
Critical Radial Flux to Target- Btu/s/ft? 0.5 <-User Input
Radiant Fraction of Heat Release 04 <-User Input
Critical Damage Temperature (Tc) °F) 425 <-User Input
Height from Fire Source to Ceiling, H ft 22 <-User Input
Fire heat release rate (Q) Btu/sec 190 <-User Input
Localion factor (LF) 1 <-User Input
Effective heatreleaserale (Qep) =~ =~~~ " Btu/sec - 190 - Q*'LF~ -7 .
Critical temperature rise (AT)en CF) 289 Te-To-Trgtiner
Damage Threshold Elevation (Z.q) ft 9.0 Equation 1 & 2
Radiant Heat Release rate Blu/s 76.0 Q.-Radiant Frac.
Critical Radial Flux to Distance ft 3.5 (Equation 5)

Total Heat (Qlot to HGL) Btu 700000 <-User Input
Estimated Heat Loss Fraclion (HLF) 0.70 <-User Input -
Calculated Qnet Btu 210000 Qtot (1-HLF)
Calculated Enclosure Volume, V ft* 351648 :
Calculated Qnet/V Btuw/ft® 0.60

HGL Temperature Increase (Thgt.iner) F 36 Equation3 and 4 -
Hot Gas Layer Temp. (Tyq) F 136 Ta+HGL Temp incr.
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o

Table C.2-2 (8)
Location: 1-2 : ". Reactor Building, Unit 1, EL. 565 )
-] Fire-Source - - e - .- - .. .SRM PREAMP Panel (1-LPNL-925- 0027)w—»-‘ '
Floor Area ft2 ‘ 15984 <-User Input
Maximum Ambient Temperature (Ta) (°F.) 100 <-User lhput .
Critical Radial Flux to Target ' Btu/s/ft? ‘0.5 <-User Input
Radiant Fraction of Heat Release - 0.4 <-User Input ..
Critical Damage Temperature (Tc) " CF) . 425 <-User Input
Height from Fire Source to Ceiling, H ft .22 <-User Input
Fire heat release rate (Q) " Blu/sec +:190 <-User Input
Location factor (LF) - , *1 <-User Input’
Effectivé heat release rate (Qqn) - Btu/sec =2190 -~ |Q'LF = o e e
Critical temperature rise (AT)cit CF) © 289 Te-Ta-Thgncr .
Damage Threshold Elevation (Z ) Tt 9.0 Equation 1-& 2
Radiant Heat Release rate Blu/s " 76.0 QerRadiant Frac.
| Critical Radial Flux to Distance ft < 35 (Equation 5) )
Total Heat (Qtot to HGL) Btu .- 700000 <-User Input
Estimated Heat Loss Fraction (HLF) e 1 0.70 <-User Input
Calculated Qnet * ) “ " Blu. L' . 210000 Qtot (1-HLF)
Calculated Enclosure Volume, V B { LA ' 351648 C
Calculated QnetV Btwft® 0.60 :
HGL Temperature Increase (Thg.incr) F 36 Equation 3 and 4
Hot Gas Layer Temp. (Thg) F 136 Ta+HGL Temp incr.
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Table C.2-2(9) .

Location: 1-3 . Reactor Building, Unit 1, EL 593
Fire Source:-1-3-1 for RCW Pump 1A : tre . -RCW PumpiAMB- - = -~
Floor Area ft? S 12138 <-User Input
Maximum Ambient Temperature (Ta) °F) 100 <-User Input
Critical Radial Flux to Target Btu/s/ft® 0.5 <-User Input
Radiant Fraction of Heat Release ' 04 <-User Input
Critical Damage Temperature (Tc) ' F) 425 '| <-User Input
Height from Fire Source to Ceiling, H ft . 22 <-User Input
Fire heat release rate (Q) Blu/sec 190 <-User Input
Location factor (LF) ' 1 <-User Input
.. 7| Effective heat release rate (Q.x) = " Btu/sec =190 ~--QLF e

Critical temperature rise (AT)e ) - 320 Te-Ta-Thoidner

-] Damage, Threshold Elevation (Z..) ft 8.5 . Equation1 & 2

| Radiaht Heat Release rate Btu/s 76.0 Q.«~Radiant Frac. .
Critical Radial Flux to Distance ©Oft 35 (Equation 5)
Total Heat (Qtot to HGL) : Btu - 75000 ° <-User Input
Estimated Heat Loss Fraction (HLF) . . 070 <-User Input -
Calculated Qnet Btu 22500 Qtot (1-HLF)
Cilculated Enclosure Volume, V - ft® 267036
Calculated QnetV - A Btwft® 0.08
HGL Temperature Increase (Thgincr) F 5 Equation 3 and 4
Hot Gas Layer Temp. (Tpg) F 105 . | TatHGL Temp incr.

Note: RCW pump motor is < 100 HP; use small electric fire heat release rate, 190 BTU/s.

Assume RCW pump total heat is comparable with RBCCW pump value (75,000 BTU)
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Location: 1-3

Table C.2-2 (10)

Reactor Building, Unit 1, EL 593

Fire Source

- ——rw—Panel 25-6A RPS & NSSSRPS Il --'- -~

v eme

Floor Area ft? 12138 | <-User Input
Maximum Ambient Temperature (Ta) °F) - 100 <-User Input -
Critical Radial Flux to Target Btu/sifé | . 0.5 <-User Input
Radiant Fraction of Heat Release . 0.4 <-User Input.-
Critical Damage Temperature (Tc) °F) . 425 <-User Input
Height from Fire Source to Ceiling, H ft | .22 <-User Inpiit

Fire heat release rate (Q) Btu/sec | 190 <-User Input
Location factor (LF) - ; * 1 <-User Input
Effeclive heat release rate (Q.n) = "Btu/sec™" S 1907 T T QLFE

Critical temperature rise (AT)cr CF) ' 311 Te-Ta=Thgiiner.
Damage Threshold Elevation (Z..) ft 8.6 Equation 1 & 2
Radiant Heat Release rate Btu/s " 76.0 Q.Radiant Frac.
Critical Radial Flux to Distance ft . < 3.5 (Equation 5) . s
Total Heat (Qtot to HGL) Btu.: | 210000 <-User Input
Estimated Heat Loss Fraction (HLF) o 1102070 <-User Input -
CalculatedQnet " . . Btu .| . 63000 Qtot (1-HLF) |
Calculated Enclosure Volume; V £ | .+ 267036 o

Calculated Qnet/V Btw/f 0.24 :

HGL Temperature Increase (Thg.incr) F 14 Equation3and4 ~
Hot Gas Layer Temp. (Tyg) . F 114 Ta+HGL Temp incr.

- — bt —— e a
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Table C.2-2 (11) -

_ Location: 1-3

Reactor Building, Unit 1, EL 593

Fire Source e e

—. .. Panel 25-6-001 ..

Floor Area ft? 12138 <-User Input
Maximum Ambient Temperature (Ta) (°F) 100 <-User Input
Critical Radial Flux to Target Btu/s/ft? 0.5 <-User Input
Radiant Fraction of Heat Release 04 <-User Input
Critical Damage Temperature (Tc) °F) 425 <-User Input
Height from Fire Source to Ceiling, H ft 22 <-User Input
Fire heat release rate (Q) Btu/sec 190 <-User Input
Location factor (LF) 1 <-User Input
Effective heal release rate (Qeq) —~ - -~ ~=| =Btu/sec 180 - «|Q'LF - - I
Critic\al temperature rise (AT)c CF) 316 Te-Ta-Thguner
Da’m'agg Threshold Elevation (Z..y) ft 8.5 Equation 1 & 2
Radia’ntiHeat Release rate Btu/s 76.0 Q.Radiant Frac.
Critical Radial Flux to Distance ft 3.5 (Equation 5)
Total Heat (Qtot to HGL). Btu 140000 <-User Input

| Estimated Heat Loss Fraction (HLF) 0.70 <-User Input
Calculated Qnet Btu 42000 Qtot (1-HLF)
Calculated Enclosure Volume, V ft® 267036
Calculated QnetV Btwft® 0.16
HGL Temperature Increase (Tng.incr) F 9 Equation 3 and 4
Hot Gas Layer Temp. (Thg) F 109 Ta+HGL Temp incr.
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Location: 1-4

Table C.2-2 (12)
: Reactor Building, Unit 1, EL 593

Fire Source ~——-- -~ . -

- Panel 25-5A RPS & NSSS RPS I

P

Floor Area ft? 12138 | <-User Input
Maximum Ambient Temperature (Ta) °F) . 100 <-User Input -
Critical Radial Flux to Target ‘ Btu/s/ft? 0.5 <-User Input
Radiant Fraction of Heat Release . 04 <-User Input.
Critical Damage Temperature (Tc) ©F) . 425 <-User Input
Height from Fire Source to Ceiling, H ft v, 22 <-User Input
Fire heat release rate (Q) Btu/sec 190 <-User'Input
Location factor (LF) - _ * 1 <-User Input
Effeclive heatrelease rate{Qqg)  =°7 ™| Btulsec-]-- . 180 ™~ | Q'LF - T
Critical temperature rise (AT)ci C°F) 311 Te-TaThgtincr.
Damage Threshold Elevation (Z.) ft 8.6 Equation1 &2
Radiant Heat Release rate Btu/s " 76.0 Q.«-Radiant Frac.
Critical Radial Flux to Distance ft | < 3.5 (Equation 5) .
Total Heat (Qtot to HGL) Btu .: '2,10000 <-User Input
Estimated Heat Loss Fraction (HLF) e « 2070 <.User Input -
Calculated Qnet . Btu. 63000 Qtot (1-HLF) .
Calculated Enclosure Volume; V e ' 1267036 C
Calculated QnetV Btw/ft® 0.24 :
JHGL Temperature Increase (Tngincr) F 14 Equation3and4 -
Hot Gas Layer Temp. (Tpg) F 114

Ta+HGL Temp incr.
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Unit 1 IPEEE Fire Induced Vulnerability Evaluation

Table C.2-2 (13)

Location: 1-4 Reactor Building, Unit 1, EL 593 .
- | Fire Source - — - Panel25-218. - . . REERE

Floor Area - ft? 12138 <-User Input

Maximum Ambient Temperature (Ta) (°F) 100 <-User Input -

Critical Radial Flux to Target Btu/s/ft? 0.5 <-User Input

Radiant Fraction of Heat Release . 0.4 <-User Inpuit.

Critical Damage Temperature (Tc) °F) . 425 <-User Input

Height from Fire Source to Ceiling, H ft .22 <-User Input

Fire heat release rate (Q) Btu/sec -.190 <-User Input

Location factor (LF) 1 <-User Input’

Efféclivéheat release rate{Qqq) TTETTTBlulsec | TTTTTQ0 o TP QALE T e we

Critical temperature rise (AT)cit C°F) 316 TeTa-Thgliner .

Damage Threshold Elevation (Zc) ft 8.5 Equation1 &2

Radiant Heat Release rate Btu/s " 76.0 Q.Radiant Frac.

Critical Radial Flux to Distance ft "~ 3.5 (Equation 5) .

Total Heat (Qtot to HGL) Btu 140000 <-User Input

Estimated Heat Loss Fraction (HLF) S 2070 <-User Input -

Calculated Qnet . Btu 42000 Qtot (1-HLF) .

Calculated Enclosure Volume, V ft* . 267036

Calculated QnetV , Btu/it® 0.16 :

HGL Temperature Increase (Tpgincr) F 9 Equation3and 4

Hot Gas Layer Temp. (Thg) F 109 Ta+HGL Temp incr.
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Table C.2-2 (14)
Location: 14 Reactor Bullding, Unit 1, EL 593 .
Fire Source ~-— > -0 o - o - RBCCW Pump 1A/1B o~
Floor Area ft? 12138 <-User Input
Maximum Ambient Temperature (Ta) ' CF) 100 <-User Input -
Critical Radial Flux to Target Btu/s/ft? 0.5 <-User Input
Radiant Fraction of Heat Release - - . - 04 <-User Input -
Critical Damage Temperature (Tc) °F) . 425 <-User Input
Height from Fire Source to Ceiling, H ft -1 .22 <-User Input
Fire heat release rate (Q) Btu/sec 190 <-User Input
Location factor (LF) , ‘1 <-User Input’
Effectivé heatreleaserate (Qe) ~~~ — | “Blilsec 2190 °  T|QLF - =
Critical temperature rise (AT)r CF) © 320 - | Te-TaThgtaner -
Damage Threshold Elevation (Z.y) ft 8.5 Equation 1. & 2
Radiant Heat Release rate Btu/s 76.0 Q.Radiant Frac.
Critical Radial Flux to Distance _ : ft < 3.5 (Equation 5) s
Total Heat (Qtot to HGL) Btu .- 75000 <-User Input
Estimated Heat Loss Fraction (HLF) ' <2070 <-User Input
Calculated Qnet - . Btu .. 22500 Qtot (1-HLF) .
Calculated Enclosure Volume, V ft* ~ 267036
Calculated QnetV . Btwft® . 0.08 :
HGL Temperature Increase (Tpg.incr) F 5 Equation3and4
Hot Gas Layer Temp. (Tygq) F 105 Ta+HGL Temp incr.

Note: RBCCW pump motoris < 100 HP; use small electric fire heat release rate, 190 BTUIs.

Assume RBCCW pump total heat is comparable with Unit 2 value (75,000 BTU)
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Table C.2-2 (15)

Location: 1-5 Reactor Building, Unit 1, EL 621

Fire Source 1-5-1 .- - 240V Lighting Board 1A

Floor Area ftt 10062 <-User Input
Maximum Ambient Temperature (Ta) CF) 100 <-User Input -
Critical Radial Flux to Target Btu/s/ft? 0.5 <-User Input
Radiant Fraction of Heat Release 04 <-User Input ..
Critical Damage Temperature (Tc) (°F) . 425 <-User Input
Height from Fire Source to Ceiling, H ft 13 <-User Input

Fire heat release rate (Q) Btu/sec -190 <-User Input
Location factor (LF) 1 <-User Input’
Effective heat release rate (Qq.q) == -~ ~Btu/sec | »190 - |Q'LF - - Fn=
Critical temperature rise (AT).n W3] . 273 Te-Ta-Thghner .
Damage Threshold Elevation (Z..4) ft 9.3 Equation 1.& 2
Radiant Heat Release rate Btu/s " 76.0 Q.«-Radiant Frac.
Critical Radial Flux to Distance ft < 3.5 (Equation 5) )
Total Heat (Qtot to HGL) Btu 373333 <-User Input
Estimated Heat Loss Fraction (HLF) ' - 070 <-User Input
Calculated Qnet . Btu 112000 Qtot (1-HLF)
Calculated Enclosure Volume, V ft® . 130806

Calculated Qnet/V Btu/ft® 0.86 o

HGL Temperature Increase (Thgiincr) F 52 Equation3-and4 -
Hot Gas Layer Temp. (Thg) F 152 Ta+HGL Temp incr.

Note:
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Qtot is based on one section fire from 3 vertical sections (counted from left to right)
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Unit 1 IPEEE Fire Induced Vulnerability Evaluation

Table C.2-2 (16)

Location: 1-5 Reactor Building, Unit 1, EL 621
Fire Source 1-5-2 o240V Lighting Transformer TL-1A
Floor Area ft? 10062 <-User Input
Maximum Ambient Temperature (Ta) °F) 100 <-User Input -
Critical Radial Flux to Target Btu/s/ftt 0.5 <-User Input
Radiant Fraction of Heat Release . 0.4 <-User Input.
Critical Damage Temperature (Tc¢) °F) 425 <-User Input
Height from Fire Source to Ceiling, H ft .13 <-User Input
Fire heal release rate (Q) Btu/sec ;224 <-User Input
Location factor (LF) "2 <-User Input
Effective heat release rate (Qgy)> =~ - ~ ~— ~={""Blu/sec-={- .- 448 =" Q'LF i
Critical temperature rise (AT)qit °F) . 244 Te-Ta-Tnglner
Damage Threshold Elevation (Z.) ft 140 Equation1.&2
Radiant Heat Release rate Btu/s . " 179.2 Q.rRadiant Frac.

‘| Critical Radial Flux to Distance ft "~ 5.3 (Equation 5)
Total Heat (Qtot to HGL) Btu - 5§60000 <-User Input
Estimated Heat Loss Fraction (HLF) ' <1 070 <-User Input -
Calculated Qnet - Btu 168000 - Qtot (1-HLF)
Calculated Enclosure Volume, V f® . 130806
Calculated QnetV Btu/ft® 1.28 :
HGL Temperature increase (Tngrincr) F 81 Equation3and 4 ~
Hot Gas Layer Temp. (Tyg) F 181 Ta+HGL Temp incr.

Note: Plume height is higher than ceiling, hot gas layer will be formed. See Section 6.2.1.

\
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Unit 1 IPEEE Fire Induced - Vulnerability Evaluation

Table C.2-2 (17)
Location: 1-56 Reactor Building, Unit 1, EL 621 ,
Fire Source 1-5-3 or 1-5-4 - — - 4KV-480V Transformer (TS1A or TS1B). — ==}~
Floor Area fi? 10062 <-User Input
Maximum Ambient Temperature (Ta) (°F) 100 <-User Input -
Critical Radial Flux to Target Btu/s/ft? 0.5 <-User Input
Radiant Fraction of Heat Release 0.4 <-User Input.
Critical Damage Temperature (Tc) (°F) 425 <-User Input
Height from Fire Source to Ceiling, H ft +, 13 <-User Input
Fire heat release rate (Q) Btu/sec 112 <-User Input
Location factor (LF) 2 <-User Input
Effective heat release rate (Q.y) : Btulsec | "T224 © Q'LF - T o
Critical temperature rise (AT)ct CF) © 286 Te-Ta-Thgtaner.
Damage Threshold Elevation (Z,) ft 9.7 Equation 1 & 2
Radiant Heat Release rate Btu/s ' 89.6 Q.-Radiant Frac.
Critical Radial Flux to Distance ft < 3.8 (Equation 5)
Total Heat (Qtot to HGL) Btu - 280000 <-User Input
Estimated Heat Loss Fraction (HLF) ' © 0.70 <-User Input -
Calculated Qnet . Btu 84000 Qtot (1-HLF) |
Calculated Enclosure Volume, V ft "130806
Calculated QnetV Blwit® 0.64 .
HGL Temperature Increase (Thginer) F 39 Equation3and4
Hot Gas Layer Temp. (Tyg) F 139 Ta+HGL Temp incr.
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Unit 1 IPEEE Fire Induced Vulnerability Evaluation

Table C.2-2 (18)

Location: 1-5 Reactor Building, Unit 1, EL 621

Fire Source 1-5-50r 1-5-6 — 4KV RPT Board 1-1 or Board 1-2- ===y - -~
Floor Area ftt 10062 | <-User Input
Maximum Ambient Temperature (Ta) °F) 100 <-User Input -
Critical Radial Flux to Target Btu/s/ft? 0.5 <-User Input
Radiant Fraction of Heat Release - 04 <-User Input-
Critical Damage Temperature (Tc) °F) 425 <-User Input

Height from Fire Source to Ceiling, H ft . 13 <-User lnpht

Fire heat release rate (Q) Btu/sec 190 <-User Input
Location factor (LF) 1 <-User Input
Efféctive heat release rate (Qur) =~ Btu/sec |77 77190 ¢ {QFT U T o
Critical temperature rise (AT)ce CF) '+ 223 Te-Ta-Thotner
Damage Threshold Elevation (Z..) ft 10.5 Equation 1 & 2
Radiant Heat Release rate Btu/s - 76.0 Q.Radiant Frac.
Critical Radial Flux to Distance ft < 3.5 (Equation 5) .

Total Heat (Qtot to HGL) Btu - . 700000 <-User Input
Estimated Heat Loss Fraction (HLF) ' © 070 <-User Input -
Calculated Qnet . Btu . . 210000 Qtot (1-HLF) . .
Calculated Enclosure Volume, V ft® " "130806

Calculated QnetV Btuft® 1.61 .

HGL Temperature Increase (T,,gu,,;,) F 102 Equation3and4
Hot Gas Layer Temp. (Thg) F 202 Ta+HGL Temp incr.

Note:

Qtot is based on one section fire from 2 vertical sections (panel 1 and panel 2)

\
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NDN1-999-2004-0010
Unit 1 IPEEE Fire Induced Vulnerability Evaluation

Table C.2-2 (19)

Location: 1-5

Reactor Building, Unit 1, EL 621

Fire Source 1-5-7 = e e

Panel 1-25-31 RCIC Backup Contro! °

Floor Area ft? 10062 | <-User Input
Maximum Ambient Temperature (Ta) °F) 100 <-User Input -
Critical Radial Flux to Target Btu/s/ft? 0.5 <-User Input
Radiant Fraction of Heat Release - 0.4 <-User Inplit-
Critical Damage Temperature (Tc) °F) . 425 <-User Input
Height from Fire Source to Ceiling, H ft -+ 13 <-User Input
Fire heat release rate (Q) Btu/sec . +190 <-User Input
Location factor (LF) , 9 <-User Input

| Efféctive heat release raté (Q.y) - Tl Btursec .- 190 Q*LF T
Critical temperature rise (AT)ert 3 1 184 Te-Ta~Thgtner -
Damage Threshold Elevation (Z..4) ft 11.8 Equation 1 & 2
Radiant Heat Release rate Btu/s " 76.0 Q.Radiant Frac.
Critical Radial Flux to Distance ft < 3.5 (Equation 5)
Total Heat (Qtot to HGL) Btu 933333 <-User Input
Estimated Heal Loss Fraction (HLF) o ©00.70 <-User Input -
Calculated Qnet . Btu- .. 280000 Qtot (1-HLF) ..
Calculated Enclosure Volume, V ft® +' 130806
Calculated Qnet/V Btuft® 214 :
HGL Temperature Increase (Thg.incr) F 141 Equation3and4
Hot Gas Layer Temp. (Thg) F 241 Ta+HGL Temp incr.

Note: There are 2 vertical sections, left side is twice as large as right side. Assume left section catches fire.

\
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Unit 1 IPEEE Fire Induced Vulnerability Evaluation

Table C.2-2 (20) |
Location: 1-5 Reactor Building, Unit 1, EL. 621
Fire Source 1-5-8 - - ---Panel-25-3 Filter Demin

Floor Area A ft? 10062 | <-User Input
Maximum Ambient Temperature (Ta) (°F) 100 <-User Input -
Critical Radial Flux to Target Btu/s/ft? 0.5 <-User Input
Radiant Fraction of Heat Release - 04 <-User Input-
Critical Damage Temperature (Tc) °F) 425 <-User Input
Height from Fire Source to Ceiling, H ft +. 13 <-User Inpijt
Fire heat release rate (Q) Blu/sec 190 <-User Input
Location factor (LF) “ <-User Input
Effective heat release rate (Q.x) 71 ‘Blifsec | 7717180 - TU|QCLF T
Critical temperature rise (AT)crt (°F) © 223 Te-Ta=Thgliner
Damage Threshold Elevation (Z.y) ft 10.5 Equation 1 & 2
Radiant Heat Release rate Btu/s 76.0 Q¢rRadiant Frac.
Critical Radial Flux to Distance ft < 3.5 (Equation 5)
Total Heat (Qtot to HGL) Btu - 700000 <-User Input
Estimated Heat Loss Fraction (HLF) ' © 070 <-User Input -
Calculated Qnet , Btu .. 210000 Qtot (1-HLF) .
Calculated Enclosure Volume, V ft* " "130806

Calculated QnetV Btwft® 1.61 .
HGL Temperature Increase (Thgiiner) F 102 Equation3and4
Hot Gas Layer Temp. (Thg) F

Note: Qtotis based on the fact that panel has a single vertical section

202 Ta+HGL Temp incr.
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Unit 1 IPEEE Fire Induced Vulnerability Evaluation

Table C.2-2 (21) .
Location: 1-5 Reactor Building, Unit 1, EL. 621
Fire Source = — == .o - Panel 25-9 Sample Panel -
Floor Area A ft? 10062 | <-User Input
Maximum Ambient Temperature (Ta) (°F) 100 <-User Input -
Critical Radial Flux to Target Btu/s/ft? 0.5 <-User Input
Radiant Fraction of Heat Release - 0.4 <-User Input -
Critical Damage Temperature (Tc) °F) « 425 <-User Input
Height from Fire Source to Ceiling, H ft 113 <-User Input
Fire heat release rate (Q) Btu/sec 190 <-User Input
Location factor (LF) 1 <-User Input’

‘| Effective heat releaserate (Qen) =~~~ Btu/sec .- 1980 Q'LF '

Critical temperature rise (AT)crt CF) ' 316 Te-Ta-Tholaner
Damage Threshold Elevation (Z..4) ft 8.5 Equation 1 & 2
Radiant Heat Release rate Btu/s 76.0 Q.«Radiant Frac.
Critical Radial Flux to Distance ft © 3.5 (Equation 5)
Total Heat (Qtot to HGL) Btu . 70000 <-User Input
Estimated Heat Loss Fraction {HLF) © 070 <-User Input
Calculated Qnet Btu- .. 21000 Qtot (1-HLF) |
Calculated Enclosure Volume, V fié 4130806
Calculated QnetV Btu/ft® 0.16 :
HGL Temperature Increase (Thg.incr) F 9 Equation 3 and4
Hot Gas Layer Temp. (Tpg) F 109 Ta+HGL Temp incr.

Note: Qtot is based on the fact that panel has a single vertical section
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Unit 1 IPEEE Fire Induced Vulnerability Evaluation

Table C.2-2 (22)
Location: 1-5 Reactor Building, Unit 1, EL 639
Fire Source SLC Pump A or Pump B (oil)

Y Floor Area it 2451. . |<-UserInput
Maximum Ambient Temperature (Ta) (°F) 100 <-User Input
Critical Radial Flux to Target Btu/s/ft? 0.5 <-User Input
Radiant Fraction of Heat Release 0.4 <-User Input
Critical Damage Temperature (Tc) C°F) 425 <-User Input
Height from Fire Source to Ceiling, H ft 18 <-User Input
Fire heat release rate (Q) Btu/sec 450 <-User Input
Location factor (LF) 1 <-User Input
Effective heat release rate (Q.rx) Btu/sec 450 Q*'LF
Critical temperature rise (AT)cq (°F ) 179 TeTaThgtner
Damage Threshold Elevation (Z_,y) ft 16.9 Equation1 & 2 )
Radiant Heat Release rate "Btu/s 180.0 QRadiant Frac.
Critical Radial Flux to Distance ft 54 (Equation 5)
Total Heat (Qtot to HGL) Btu 326250 <-User Input
Estimated Heat Loss Fraction (HLF) 0.70 <-User Input
Calculated Qnet - Btu 97875 Qtot (1-HLF)
Calculated Enclosure Volume, V f 44118
Calculated Qnet/V Btu/ft® 222
HGL Temperature Increase (Tngriner) F 146 Equation 3 and 4
Hot Gas Layer Temp. (T,q) F 246 Ta+HGL Temp incr.

238




NDN1-999-2004-0010
Unit 1 IPEEE Fire Induced Vulnerability Evaluation

Table C.2-2 (23)
Location: 1-5 Reactor Building, Unit 1, EL 639
Fire Source Panel 1-25-213 or 1-25-222
Floor Area ft? " 2451 <-User Input
Maximum Ambient Temperature (Ta) °F) 100 <-User Input
Critical Radial Flux to Target Btu/s/ft? 0.5 <-User Input
Radiant Fraction of Heat Release 0.4 <-User Input
Critical Damage Temperature (Tc) °F) 425 <-User Input
Height from Fire Source to Ceiling, H ft 18 <-User Input
Fire heat release rate (Q) Btu/sec 190 <-User Input
Location factor (LF) 1 <-User Input
Effeclive heat release rate (Q.y) Btu/sec 190 Q'LF
Critical temperature rise (AT)ca CF) .. 284 Te=Ta-Thghiner
Damage Threshold Elevation (Z.,) ft - 9.1 Equation 1 & 2
Radiant Heat Release rate Btu/s 76.0 Q.-Radiant Frac.
Critical Radial Flux to Distance ft 3.5 (Equation 5)
Total Heat (Qtot to HGL) Btu 100000 <-User Input
Estimated Heat Loss Fraction (HLF) 0.70 <-User Input
Calculated Qnet . Btu 30000 Qtot (1-HLF)
Calculated Enclosure Volume, V i 44118
Calculated Qnet/V Btwit® 0.68
HGL Temperature Increase (Tngtiner) F 41 Equation 3 and 4
Hot Gas Layer Temp. (Tyq) F 141 Ta+HGL Temp incr.
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Table C.2-2 (24)
Location: 1-6 Reactor Building, Unit 1, EL 639
Fire Source VFD 1A/1B (Panel)
Floor Area ft? 8109 <-User Input
Maximum Ambient Temperature (Ta) °F) 100 <-User Input
Critical Radial Flux to Target Btu/s/ft 0.5 <-User Input
Radiant Fraction of Heat Release 04 <-User Input
Critical Damage Temperature (Tc) °F) 425 <-User Input
Height from Fire Source to Ceiling, H ft 13 <-User [nput
Fire heat release rate (Q) Btu/sec 190 - <-User Input
Location factor (LF) 1 <-User Input
Effective heat release rate (Q.x) Btu/sec 190 Q'LF
Critical temperature rise (ATDcrt CF) See Note 1 Te-Ta=ThgHner
Damage Threshold Elevation (Z,,;) ft See Note 1 Equation 1 & 2
Radiant Heat Release rate Blu/s 76.0 Q.Radiant Frac.
Critical Radial Flux to Distance ft 3.5 (Equation 5)
Total Heat (Qtot to HGL) Btu 54502295 <-User Input
Estimated Heat Loss Fraction (HLF) 0.70 <-User Input
Calculated Qnet Btu 16350689 Qtot (1-HLF)
Calculated Enclosure Volume, V it 105417
Calculated Qnet/V Btwit® 155.10
HGL Temperature Increase (Thg.incr) F See Note 1 Equation 3 and 4
Hot Gas Layer Temp. (Thg) F See Note 1 Ta+HGL Temp incr.

Note 1: The Unit 1 Restart DCN Combustible Loading Change Summary (includes Sargent & Lundy Mods)
specifies 109,004,590 BTUs of total heat of combustion for VFD's 1A and 1B. So each VFD (treated
as panel) has 54,502,295 BTUs. This will cause hot gas layer to form in fire zone 1-6.
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Referenced Evaluations
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ENCLOSURE 3

TENNESSEE VALLEY AUTHORITY
BROWNS FERRY NUCLEAR PLANT (BFN) UNIT 1

RESPONSE TO NRC GENERIC LETTER (GL) 88-20, SUPPLEMENT 4
INDIVIDUAL PLANT EXAMINATION OF EXTERNAL EVENTS (IPEEE) FOR
SEVERE ACCIDENT VULNERABILITIES

SUMMARY OF COMMITMENTS

TVA will complete corrective actions to address the seismic-
induced fire vulnerability associated with the emergency
lighting battery racks located in the BFN Unit 1 cable
spreading room prior to restart of BFN Unit 1.



