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ABSTRACT

The U.S. Nuclear Regulatory Commission (NRC) performed a full-scope site Level 3
probabilistic risk analysis (PRA) project (L3PRA project) for a two-unit pressurized-water reactor
reference plant, responding to Commission direction in the staff requirements memorandum
(SRM) (Agencywide Documents and Management System [ADAMS] Accession No.
ML112640419) resulting from SECY-11-0089, “Options for Proceeding with Future Level 3
Probabilistic Risk Assessment (PRA) Activities” (ADAMS Accession No. ML11090A039).

As described in SECY-11-0089, the objectives of the L3PRA project are to:

o Develop a Level 3 PRA, generally based on current state-of-practice methods, tools, and
data,’ that (1) reflects technical advances since the last NRC-sponsored Level 3 PRAs
(NUREG-11502), which were completed over 30 years ago, and (2) addresses scope
considerations that were not previously considered (e.g., low power and shutdown
[LPSD] risk, multi-unit risk, other radiological sources).

e Extract new insights to enhance regulatory decision making and to help focus limited
NRC resources on issues most directly related to the agency’s mission to protect public
health and safety.

e Enhance PRA staff capability and expertise and improve documentation practices to
make PRA information more accessible, retrievable, and understandable.

e Demonstrate technical feasibility and evaluate the realistic cost of developing new
Level 3 PRAs.

The scope of the L3PRA project encompasses all major radiological sources on the site (i.e.,
reactors, spent fuel pools, and dry cask storage), all internal and external hazards, and all
modes of plant operation. Fresh nuclear fuel, radiological waste, and minor radiological sources
(e.g., calibration devices) are not included as part of the scope. In addition, deliberate
malevolent acts (e.g., terrorism and sabotage) are excluded from the scope of this study.

This report, one of a series of reports documenting the models and analyses supporting the
L3PRA project, specifically addresses the reactor, at-power, Level 1 PRA model for internal
floods for a single unit. The analyses documented herein are based information for the
reference plant as it was designed and operated as of 2012 and does not reflect the plant as it
is currently designed, licensed, operated, or maintained. 3

1 “State-of-practice” methods, tools, and data refer to those that are routinely used by the NRC and industry or have
acceptance in the PRA technical community. While the L3PRA project is intended to be a state-of-practice study,
note that there are several technical areas within the project scope that necessitated advancements in the state-of-
practice (e.g., modeling of multi-unit site risk, modeling of spent fuel in pools or casks, and of human reliability
analysis for other than internal events and internal fires).

2 NUREG-1150, “Severe Accident Risk: An Assessment for Five U.S. Nuclear Power Plants,” December 1990.

An overview report, which covers all three PRA levels, has been created for each major element of the L3PRA
project scope (e.g., for the combined internal event and internal flood PRAs for a single reactor unit operating at full
power). These overview reports include a reevaluation of plant risk based on a set of updated plant equipment and
PRA model assumptions (e.g., incorporation of the current reactor coolant pump shutdown seal design at the



A full-scope site Level 3 PRA for a nuclear power plant site can provide valuable insights into
the importance of various risk contributors by assessing accidents involving one or more reactor
cores as well as other site radiological sources. Furthermore, some future advanced light water
reactor (ALWR) and advanced non-light water reactor (NLWR) applicants may rely heavily on
results of analyses similar to those used in the L3PRA project to establish their licensing basis
and design basis by using the Licensing Modernization Project (LMP) (NEI 18-04, Rev. 1) which
was recently endorsed via RG 1.233. Licensees who use the LMP framework are required to
perform Level 3 PRA analyses. Therefore, another potential use of the methodology and
insights generated from this study is to inform regulatory, policy, and technical issues pertaining
to ALWRs and NLWRs.

CAUTION:  While the L3PRA project is intended to be a state-of-practice study, due to
limitations in time, resources, and plant information, some technical aspects of
the study were subjected to simplifications or were not fully addressed. As such,
inclusion of approaches in the L3PRA project documentation should not be
viewed as an endorsement of these approaches for regulatory purposes.

reference plant and the potential impact of the U.S. nuclear power industry's proposed safety strategy, called
Diverse and Flexible Mitigation Capability [FLEX], both of which reduce the risk to the public).
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FOREWORD

The U.S. Nuclear Regulatory Commission (NRC) performed a full-scope site Level 3
probabilistic risk analysis (PRA) project (L3PRA project) for a two-unit pressurized-water reactor
reference plant, responding to Commission direction in the staff requirements memorandum
(SRM) (Agencywide Documents and Management System [ADAMS] Accession No.
ML112640419) resulting from SECY-11-0089, “Options for Proceeding with Future Level 3
Probabilistic Risk Assessment (PRA) Activities” (ADAMS Accession No. ML11090A039).

Licensee information used in performing the Level 3 PRA project was voluntarily provided based
on a licensed, operating nuclear power plant. The information provided reflects the plant as it
was designed and operated as of 2012 and does not reflect the plant as it is currently designed,
licensed, operated, or maintained. In addition, the information provided for the reference plant
was changed based on additional information, assumptions, practices, methods, and
conventions used by the NRC in the development of plant-specific PRA models used in its
regulatory decisionmaking. As such, use of L3PRA project reports to assess the risk from
the reference plant is not appropriate and these reports will not be the basis for any
regulatory decision associated with the reference plant.

Each set of L3PRA project reports covering the Level 1, 2, and 3 PRAs for a specific site
radiological source, plant operating state, and hazard group is accompanied by an overview
report. The overview reports summarize the results and insights from all three PRA levels.

In order to provide results and insights better aligned with the current design and operation of
the reference plant, the overview reports also provide a reevaluation of the plant risk based on a
set of new plant equipment and PRA model assumptions and compare the results of the
reevaluation to the original study results. This reevaluation reflects the current reactor coolant
pump (RCP) shutdown seal design at the reference plant, as well as the potential impact of
FLEX strategies,* both of which reduce the risk to the public.

A full-scope site Level 3 PRA for a nuclear power plant site can provide valuable insights into
the relative importance of various risk contributors by assessing accidents involving one or more
reactor cores as well as other site radiological sources (i.e., spent fuel in pools and dry storage
casks). These insights may be used to further enhance regulatory policy and decisionmaking
and to help focus limited agency resources on issues most directly related to the agency’s
mission to protect public health and safety. More specifically, potential future uses of the

Level 3 PRA project can be categorized as follows (a more detailed list is provided in SECY-12-
0123, “Update on Staff Plans to Apply the Full-Scope Site Level 3 PRA Project Results to the
NRC’s Regulatory Framework,” dated September 13, 2012):

e enhancing the technical basis for the use of risk information (e.g., obtaining updated and
enhanced understanding of plant risk as compared to the Commission’s safety goals)

e improving the PRA state-of-practice (e.g., demonstrating new methods for site risk
assessments, which may be particularly advantageous in addressing the risk from
advanced reactor designs, or in supporting the evaluation of the potential impact that a
multi-unit accident, or an accident involving spent fuel, may have on the efficacy of the
emergency planning zone in protecting public health and safety)

4 FLEX refers to the U.S. nuclear power industry's proposed safety strategy, called Diverse and Flexible
Mitigation Capability. FLEX is intended to maintain long-term core and spent fuel cooling and
containment integrity with installed plant equipment that is protected from natural hazards, as well as
backup portable onsite equipment. If necessary, similar equipment can be brought from offsite.

\



¢ identifying safety and regulatory improvements (e.g., identifying potential safety
improvements that may lead to either regulatory improvements or voluntary
implementation by licensees)

e supporting knowledge management (e.g., developing or enhancing in-house PRA
technical capabilities)

In addition, the overall Level 3 PRA project model can be exercised to provide insights with
regard to other issues not explicitly included in the current project scope (e.g., security-related
events or the use of accident tolerant fuel). Furthermore, some future advanced light water
reactor (ALWR) and advanced non-light water reactor (NLWR) applicants may rely heavily on
the results of analyses similar to those used in the L3PRA project to establish their licensing
basis and design basis by using the Licensing Modernization Project (LMP) (NEI 18-04, Rev. 1)
which was recently endorsed via RG 1.233. Licensees who use the LMP framework are
required to perform Level 3 PRA analyses. Therefore, another potential use of the methodology
and insights generated from this study is to inform regulatory, policy, and technical issues
pertaining to ALWRs and NLWRs.

The results and perspectives from this report, as well as all other reports prepared in support of
the Level 3 PRA project, will be incorporated into a summary report to be published after all
technical work for the Level 3 PRA project has been completed.
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RPS reactor protection system
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Sl safety injection

SRM staff requirements memorandum
SSBI secondary-side break upstream of MSIVs / downstream of MFIVs
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1. INTRODUCTION

This report documents a description and results for the reactor, at-power, Level 1 probabilistic
risk assessment (PRA) model for internal floods that supports the U.S. Nuclear Regulatory
Commission (NRC) full-scope site Level 3 PRA project (L3PRA project) for a two-unit
pressurized-water reactor (PWR) reference plant. The results provided in this report are for a
single unit—a subsequent report in this series addresses multi-unit risk.

Licensee information used in performing the L3PRA project was voluntarily provided based on a
licensed, operating nuclear power plant. The information provided reflects the plant as it was
designed and operated as of 2012 and does not reflect the plant as it is currently designed,
licensed, operated, or maintained. In addition, the information provided for the reference plant
was changed based on additional information, assumptions, practices, methods, and
conventions used by the NRC in the development of plant-specific PRA models used in its
regulatory decisionmaking. As such, use of this report to assess the risk from the
reference plant is not appropriate and this report will not be the basis for any regulatory
decision associated with the reference plant.

Since the L3PRA project involves multiple PRA models, each of these models should be
considered a “living PRA” until the entire project is complete. It is anticipated that the models
and results of the L3PRA project are likely to evolve over time, as other parts of the project are
developed, or as other technical issues are identified. As such, the final models and results of
the project (which will be documented in a summary report to be published after all technical
work for the L3PRA project has been competed) may differ in some ways from the models and
results provided in the current report.

The series of reports for the L3PRA project are organized as follows:
Volume 1: Summary (to be published last)
Volume 2: Background, site and plant description, and technical approach

Volume 3: Reactor, at-power, internal event and flood PRA
Volume 3x: Overview
Volume 3a: Level 1 PRA for internal events (Part 1 — Main Report; Part 2 — Appendices)
Volume 3b: Level 1 PRA for internal floods
Volume 3c: Level 2 PRA for internal events and floods
Volume 3d: Level 3 PRA for internal events and floods

Volume 4: Reactor, at-power, internal fire and external event PRA
Volume 4x: Overview
Volume 4a: Level 1 PRA for internal fires
Volume 4b: Level 1 PRA for seismic events
Volume 4c: Level 1 PRA for high wind events and other hazards evaluation
Volume 4d: Level 2 PRA for internal fires and seismic and wind-related events
Volume 4e: Level 3 PRA for internal fires and seismic and wind-related events

Volume 5: Reactor, low power and shutdown, internal event PRA
Volume 5x: Overview
Volume 5a: Level 1 PRA for internal events
Volume 5b: Level 2 PRA for internal events



Volume 5c: Level 3 PRA for internal events

Volume 6: Spent fuel pool all hazards PRA
Volume 6x: Overview
Volume 6a: Level 1 and Level 2 PRA
Volume 6b: Level 3 PRA

Volume 7: Dry cask storage, all hazards, Level 1, Level 2, and Level 3 PRA
Volume 8: Integrated site risk, all hazards, Level 1, Level 2, and Level 3 PRA

The details of the internal flooding analysis, including modeling assumptions, scenario
descriptions, and sources of uncertainty are documented in this report. Section 1.1 describes
the overall approach for developing the NRC internal flooding PRA (IFPRA). Section 1.2
describes the arrangement of this report. Simplified diagrams for key systems are provided in
Volume 2 of this NUREG series (see Agencywide Documents Access and Management System
Accession No. ML22067A232).

CAUTION:  While the L3PRA project is intended to be a state-of-practice study, due to
limitations in time, resources, and plant information, some technical aspects of
the study were subjected to simplifications or were not fully addressed. As such,
inclusion of approaches in the L3PRA project documentation should not be
viewed as an endorsement of these approaches for regulatory purposes.

1.1. Approach

The purpose of this section is to describe the process of developing the internal flooding PRA
model and documentation. Each of the internal flooding technical elements and associated
requirements were addressed in accordance with the ASME/ANS PRA Standard (Ref. |F- 7).
The licensee had completed an internal flooding PRA for the reference plant at the time this
study was initiated. The reference plant’'s PRA was reviewed and much of the analysis was
adopted for this study. The NRC’s IFPRA also leverages the NRC’s internal events Level 1 PRA
model for the reference plant (Ref. |E- 16).

The NRC staff performed a plant walkdown to confirm aspects of the internal flooding analysis.
The walkdown allowed the staff to gain familiarity with the plant layout, equipment locations,
flood sources, and flood mitigation features.

While the reference plant had completed an internal flooding PRA, new analyses were
performed for this study in support of the overall objectives of the Level 3 PRA project. The
focus of the new analyses included:

Incorporating insights from NRC’s confirmatory plant walkdown.

Evaluating the internal flood scenario qualitative and quantitative screening approach
Updating the internal flood initiating event frequency estimates

Quantifying the internal flooding modeling, including integrating the model with NRC’s
internal events PRA model

¢ Identifying sources of model uncertainty and performing sensitivity studies



1.2. Arrangement of This Report

The IFPRA analysis is described in the subsequent sections of this report. Section 2 describes
the approach for addressing each of the internal flooding technical elements in the NRC IFPRA.
Section 3 provides the overarching modeling assumptions and describes each of the modeled
internal flooding scenarios. The IFPRA model results and uncertainty analysis are presented in
Section 4, with a summary of key insights in Section 4.7. Section 5 provides a list of references.

Additional supporting information for the NRC IFPRA is provided in appendices. Appendix A
contains details of the internal flood initiating event frequency analysis for each modeled flood
scenario. Appendix B provides a listing of the risk-significant IFPRA cut sets, as well as the
importance measures for all risk-significant basic events. Appendix C identifies a number of
topics that were not addressed as part of the IFPRA, but for which additional study may be
warranted. These modeling improvements should be implemented to maximize the value of the
insights obtained from the study.



2. INTERNAL FLOOD PRA MODEL OVERVIEW

This section includes an overview of the technical elements that were analyzed in developing
the IFPRA. The section is organized in terms of the five technical elements of an internal
flooding PRA, as defined in the ASME/ANS PRA Standard (Ref. IF-7). The following
subsections describe the analyses performed for each of the internal flooding PRA technical
elements. Section 2.1 addresses Internal Flood Plant Partitioning. Section 2.2 covers Internal
Flood Source Identification and Characterization. Section 2.3 addresses Internal Flood
Scenarios. Section 2.4 covers Internal Flood-Induced Initiating Events. And, Section 2.5
addresses Internal Flood Accident Sequences and Quantification.

21. Internal Flood Plant Partitioning

The main objective of the internal flood plant partitioning is to identify plant areas susceptible to
internal flooding that could lead to core damage. Plant partitioning consists of two high-level
requirements: (1) to identify a reasonably complete set of flood areas of the plant, and (2) to
document internal flood plant partitioning consistent with the applicable supporting requirements
from the ASME/ANS PRA Standard.

The identification of flood areas uses plant information resources and is supplemented by
walkdowns and interviews with plant staff to confirm the plant configurations. The following
information sources from the reference plant were used by the licensee in developing the flood
areas:

Plant architectural drawings

Piping and instrumentation diagrams

Design basis flood calculation documents

Appendix R fire areas, fire hazard analysis, and the associated drawings
High-energy line break areas

Individual Plant Examination internal flooding analysis notebooks
Risk-informed inservice inspection documenation

The plant partitioning analysis identified hundreds of potential flood areas. The licensee further
evaluated the flood areas to identify the structures, systems, and components (SSCs) that are
susceptible to flood damage and/or can mitigate the flooding effects.

For each flood area, flood mitigating features that have the ability to terminate or contain the
flood were identified in the reference plant’'s PRA documentation. The flood mitigating features
are considered in the qualitative screening of flood areas. The flood mitigating features can
include:

¢ Flood alarms

¢ Flood auto-trip logic for circulating water pumps

e Flood dikes, curbs, sumps, or structures that allow for the accumulation and retention of
water

Sump pumps

Drainage systems

Spray or drip shields

Water-tight doors

Blowout panels or dampers

Various other types of flood barriers, including walls and other structures



The licensee evaluated the potential flood areas to identify the SSCs contained in each area
that are susceptible to flood damage. The focus was specifically on those SSCs whose failure
may result in accident initiation and/or negatively impact an accident mitigation function.

Prior to adopting the licensee’s flood area analysis, the NRC visited the reference plant site in
June 2013. The visit included confirmatory walkdowns of flooding areas, review of design basis
flooding calculations, and interviews with plant staff familiar with the plant design and operation.
This effort was intended to provide confirmation of key information for risk-significant flooding
areas. It was not an exhaustive or complete walkdown of all flood areas in the plant. Prior to
performing the walkdowns, the staff generated a list of priority flood areas to be evaluated
during the plant visit. This focused the walkdown effort on those areas that were initially
considered to be risk significant or of particular interest for the IFPRA. The following criteria
were used to identify the priority flood areas:

e Flood areas containing high risk achievement worth importance measure SSCs based
on the internal events PRA

e The top CDF contributors to internal flooding from the reference plant’s internal flooding
PRA

o Areas of potential cross-unit or multi-unit flooding impacts
Other areas of interest for the NRC IFPRA

The confirmatory plant walkdown was completed for the selected risk-significant flooding areas
and confirmed the information regarding equipment layout, flood sources, protective features,
and susceptibilities. As such, the licensee’s internal flood plant partitioning analysis was
adopted for use in the NRC IFPRA.

2.2, Internal Flood Source Identification and Characterization

The purpose of this section is to describe the internal flood source identification and
characterization analysis. The main objective of the internal flood source identification is to
identify the plant-specific sources of internal flooding that could lead to accident sequences
resulting in core damage. This task identifies the various sources of floods and equipment
spray within the plant, along with the mechanisms resulting in flood or spray from these sources,
and characterizes the flood/spray sources (e.g., in terms of liquid amounts and flowrates).

Flood sources include any equipment located in a flood area that can cause flooding. Examples
of flood sources include: piping, flanges, valves, pumps, tanks, heat exchangers, pools, external
sources of water connected to the area through systems or structures, and in-leakage from
other flood areas. Primary system piping whose failure would result in a loss-of-coolant accident
(LOCA) and selected high-energy line breaks® are not treated in the internal flooding analysis,
since they were addressed and analyzed in the internal events analysis.

The licensee performed a systematic review of the flood sources for each flood area. The most
prevalent sources of flooding for most flood areas are piping systems. For each flood area, the
following information was collected for the piping located in the area: the system, the pipe
diameter, and the length of pipe in the area. This information was used in the subsequent
analysis tasks for developing the internal flood scenarios.

5 Main feedwater line breaks were included as internal flooding initiating events, and these contribute to several of
the modeled flooding scenarios described in Section 3.2. However, main steam line breaks were not included as
internal flooding initiating events. Main steam line breaks are evaluated in the internal events PRA model.
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2.3. Internal Flood Scenarios

The purpose of this section is to describe the internal flood scenario analysis performed by the
licensee. The internal flood scenarios were developed by incorporating aspects of the plant
partitioning and flood source analyses discussed in the previous sections. Next, a qualitative
screening evaluation was performed to identify the potential internal flooding scenarios. Section
2.3.1 discusses this qualitative screening analysis. The remaining flood areas and flood sources
were evaluated to develop the detailed characteristics of the potential flooding scenarios.
Section 2.3.2 summarizes this characterization of flood scenarios.

2.3.1. Qualitative Screening Analysis

The purpose of the qualitative screening analysis is to identify and remove flood areas that are
not important for the internal flooding PRA. A set of qualitative screening criteria was used to
screen flood areas and associated flood sources. These criteria were based on the
requirements of the ASME/ANS PRA standard (Ref. IF-7). The qualitative screening criteria are
presented below:

a. If there is no flood source in the room or location, the room or location can be screened out,
even if it contains accident initiation/mitigation SSCs. However, rooms with no flood sources,
but that contain accident initiation/mitigation SSCs, need to be further evaluated if there is a
potential for flood water from adjacent room(s) or location(s) to propagate to these rooms.

b. If flooding of the area would not cause an initiating event or a need for immediate plant
shutdown, and

e The flood area (including areas where flood sources can propagate to) contains no
accident initiation/mitigation equipment susceptible to flood damage, or

o The flood area has no flood sources sufficient (e.g., through spray, submergence, or
other flood-induced hazards) to cause failure of accident initiation/mitigation equipment
susceptible to flood damage in the area (including areas where flood sources can
propagate to).

c. If flooding of the area would not cause an initiating event or a need for immediate plant
shutdown, and the area contains flooding mitigation systems (e.g., drains or sump pumps)
capable of preventing unacceptable flood levels, and the nature of the flood would not cause
failure of the accident initiation/mitigation equipment susceptible to flood damage (e.g.,
through spray, submergence, or other flood-induced hazards).

d. If potential human mitigating actions could be used for screening (and meet ASME/ANS
PRA standard Capability Category Il) given that:
¢ flood indication is available in the control room
¢ flood sources in the area can be isolated

e mitigating actions can be performed with high reliability for the worst flooding initiator,
which can be established by demonstrating, for example, that the actions are
procedurally directed, that adequate time is available for response, that the area is
accessible, and that there is sufficient manpower available to perform the action



e. If the flood source is insufficient (e.g., through spray, submergence, or other flood induced
hazards) to cause failure of accident initiation/mitigation equipment susceptible to flood
damage.

f. If the area flood mitigating systems (e.g., drains or sump pumps) are capable of preventing
unacceptable flood levels and the nature of the flood does not cause failure of accident
initiation/mitigation equipment susceptible to flood damage through spray, submergence, or
other flood-induced hazards.

g. Ifthe flood only affects the system that is the flood source and the system analysis
addresses this type of failure, then this flood source need not be treated as a separate
internal flooding initiating event.

In applying these criteria, the ASME/ANS PRA standard specifies that the potential flood
impacts on accident initiation/mitigation equipment shall include consideration of impacts on
support systems (e.g., electric power, cooling water systems) whose failure would result in
accident initiation or failure of mitigation functions. The licensee evaluated each of the identified
flood areas and associated flood sources against the criteria above. The flood areas not
screened by this process were evaluated further by defining and characterizing flood scenarios.

2.3.2. Characterization of Flood Scenarios

This section describes the overall approach to assembling the elements that were considered in
defining potential flooding scenarios for the IFPRA model. Each flood scenario description
includes the relevant information required for incorporation into the model. This information
includes a description of the flooding initiating event (i.e., the pipe break or component failure
that initiates the flood), the flood location, and attributes of the flood source (e.g., flow rate and
type). The scenario description also includes the impacts of the flood and plant response,
identifies the SSCs that are damaged due to the flood, and identifies the corresponding initiating
event from the internal events PRA that is used to model the flood impacts. If no corresponding
internal initiating event exists, then a new initiating event type is created to model the flood
response. The plant response also includes identifying the plant systems and functions that are
needed to prevent core damage. The detailed descriptions of each modeled flood scenario in
the IFPRA are provided in Section 3.2.

The scenarios consider the flooding effects (i.e., submergence, humidity, condensation, and
temperature) that could cause equipment failures. In addition, due to the energy associated with
failures of high-energy piping systems, these events may cause additional consequences, such
as pipe whip or jet impingement. The flood scenarios are categorized by flood type to
distinguish the types of flood effects that can occur. Each flood area may have more than one
flood type associated with it. The following flood types are defined:

¢ Local flooding — The flooding effects are considered within the same flood area where
the flood initiated. The flooding effects due to submergence, humidity, condensation, and
temperature are considered. The primary consideration for most flood scenarios is
submergence.

¢ Flood propagation — The flood propagates to other flood areas. The same flooding
effects as local flooding are considered.

¢ Human-induced local flooding — The flood is initiated by human error. The same flooding
effects as local flooding are considered.



e Spray — In addition to the above mentioned flooding effects, spray events consider
impacts to SSCs that are within a direct line-of-sight of the flood source. SSCs located
above the maximum flood height can fail from spray before submergence. Spray events
are characterized by small through-wall failures resulting in low leak rates, but may have
a higher contribution to the flood initiating event frequency. Sprays are considered for
both high-energy piping and non-high-energy piping.

¢ Jet impingement — Jet impingement is only considered for high-energy piping. The
flooding effects are similar to spray events, with additional consideration for the high-
energy impact of the jet stream from the flood source.

¢ Pipe whip — The flooding effects include consideration for pipe whip due to failure of
high-energy piping.

The criteria for determining susceptibility to sprays can vary in different internal flooding
analyses. The specific criteria for this study considers the adverse effects from spray sources if
the susceptible equipment is within 10 feet of horizontal distance from overhead flood sources
and the equipment is in the line-of-sight of pressurized-water sources. The distance is extended
to include SSCs within 20 feet for high-energy flood sources. The IFPRA considers piping
systems with pressures in excess of 275 psig or the maximum normal operating temperature
exceeding 200°F to be high-energy piping. The same definition of high-energy piping is used for
determining which flood sources are potential sources for jet impingement and pipe whip.

The potential impacts due to submergence are evaluated by examining the maximum flood
water height for each flood area. The licensee for the reference plant used the design basis
flood calculations to estimate the maximum flood water height for each flood area. The flood
water level estimates considered the flood propagation paths and areas of accumulation by
accounting for flow through non-water-tight doors, drains, penetrations, and other features that
can contribute to the flood accumulation level. The licensee did not directly use the flood level
calculations to determine potential equipment failures, though they did use them to inform
bounding assumptions on flood impacts. For example, for local flooding scenarios, the design
basis flood calculations support the assumption that all eaqupment in a given flood area would
be failed. However, for some flood propagation scenarios, the flood calculations are not
conclusive regarding equipment damage. Nonetheless, the licensee assumed that for both
local flooding scenarios and flood propagation scenarios, all SSCs located in a flooded room
would be damaged by the flood water. The IFPRA uses the same set of flooding impact
assumptions as the licensee.

The flooding scenario analysis considers actions and systems that may be used to mitigate the
impacts of flood scenarios. These include flood alarms; level, pressure, and flow indicators; and
post-flood operator actions. The flood mitigating actions that have the ability to terminate or
contain flood propagation were identified for each flood scenario. The licensee assigned
screening human error probability (HEP) values for each action. For most scenarios, the
licensee assumed no credit for mitigating actions, and the screening HEP is set to 1.0. The lone
exeception involved mitigating actions for scenarios due to charging system line breaks.
Operator action to restore charging and seal injection according to applicable procedures was
assigned a screening HEP of 0.1. The screening HEPs were used in the initial screening
quantification of CDF contributions. If risk significant operator actions were identified from the
initial screening quantification, then a detailed human reliability analysis would have been
performed for those actions. However, no risk-significant operator actions were identified from
the screening quantification. The licensee’s analysis of flood scenario mitigation was adopted
for use in the NRC IFPRA.



24. Internal Flood-Induced Initiating Events

The purpose of this section is to describe the internal flood-induced initiating event analysis. The
main objectives of the analysis are to identify flood-induced initiating events and to estimate
their frequencies. The approach to initiating event identification is described in Section 2.4.1. An
overview of the initiating event frequency estimation approach is discussed in Section 2.4.2.
Initiating event frequency analysis for each of the modeled flood scenarios is described in detail

in Appendix A.

2.4.1. Identification of Flood-Induced Initiating Events

For each of the identified flood scenarios, the licensee considered two types of flood-induced
initiating events:

1. Floods that cause an initiating event
2. Floods that result from an initiating event

The first type of flood initiator begins with a pressure boundary failure and likely causes an
automatic actuation resulting in an initiating event. The frequency of these failures, which are
primarily piping system failures, were quantified using generic industry data along with plant-
specific operating experience.

For the second type of flood initiator, plant conditions that could result in a flooding event were
evaluated. This included the consideration of human-induced floods and induced pipe failures
resulting from a random initiating event. A random initiating event could involve stresses on a

piping system from any of the following:

Water hammer

Rapid pressurization

Valve slamming open or closed
High vibration

Void collapse

A review of the pipe failure operating experience (as documented in Ref. IF-9) suggests that the
probability of a conditional pipe break resulting from a random initiating event is expected to be
much lower than other failure probabilities that would impact a given plant system’s reliability.
Combined with the frequency of a random initiating event, the flood initiating sequence
frequency would be very low. Therefore, this type of pipe failure is screened from further
consideration.

The reference plant provided an analysis of maintenance activities that could result in human-
induced flooding. The analysis considered the following maintenance activities:

e Circulating water (CW) system maintenance work

e Component cooling water (CCW)/auxiliary CCW heat exchanger maintenance work
e Turbine plant closed cooling water (TPCCW) heat exchanger maintenance work

o Fire protection water system maintenance work

To estimate the frequency of causing a human-induced flooding event, the licensee used
screening values for HEPs that lead to flooding events. The human-induced flooding scenarios
involve two types of human failures: (1) failure to properly restore the system or component after
maintenance work, and (2) failure of the maintenance crew to mitigate the flooding event when
the system or component is returned to service. The first type of failure was assigned a
screening HEP of 0.01. The second type of failure was assigned a screening HEP of 0.1. The
restoration of equipment from maintenance is directed by applicable procedures. Also, the
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reference plant has a general practice of staging operations and maintenance staff locally to
identify leakage when a system/component is being refilled and placed back in service. For
these reasons, human failures associated with restoring equipment and mitigating flooding are
expected to be unlikely.

The licensee identified flood scenarios that may impact accident initiation or mitigating
equipment. The internal event initiator that would result due to the flood was identified for each
scenario. For certain pipe failures, the associated flooding effects may be inconsequential to the
resulting internal event accident scenarios. Examples of these failures include pipe breaks
resulting in loss-of-coolant accidents (LOCAs) and main steam line breaks (MSLBs). These
scenarios are not addressed in the internal flooding analysis. The impacts from these events are
captured by the internal events PRA model.

2.4.2. Flood Initiating Event Frequency Estimates

This section describes the quantitative analysis used by the L3PRA project staff to estimate the
internal flooding scenario frequencies for the IFPRA. The initiating event frequency analysis is
based on the approach described in the Electric Power Research Institute (EPRI) report, “Pipe
Rupture Frequencies for Internal Flooding PRAs, Revision 3” (Ref. IF- 9). The initiating event
frequency, f, for a given pipe break flooding scenario is given by the following expression:

f=1 xg*pipe xppipe(RIF) (1]

where,

1 is the length of pipe (in feet) located in the flood area

AipeS the failure rate of the pipe per feet-critical reactor year
Ppipe(R[F) is the conditional rupture probability given pipe failure

The EPRI report defines failure as any condition in which pipe repair or replacement was
performed. Failures can include wall thinning, cracks, pinhole leaks, leaks, and major structural
failures. A failure will not necessarily result in a flooding event, but the occurrence of any failure
will be associated with the conditional probability of a rupture. A rupture is a substantial failure
that results in the initiation of a flooding event. In this report, the terms rupture and break are
used interchangeably to refer to substantial pipe failures that result in flooding events.

Similarly, the initiating event frequency can be expressed in terms of component failures that
may be relevant to a flood scenario (e.g., failure of rubber expansion joints), as follows:

f =n X lcomponent X Pcomponent (RlF) [2]

where,

n is the number of components located in the flood area

Acomponent iS the failure rate per component-critical reactor year
Peomponent(R[F) is the conditional rupture probability given component failure

The EPRI report provides generic failure data for different types of plant systems. The data are
further categorized in terms of the severity of pipe failure (e.g., wall thinning, pinhole leak, leak,
maijor structural failure) and pipe size. The category definitions may vary depending on the type
of system. The generic data and failure rates in the report were used in the IFPRA to develop
prior distributions for the pipe (or component) failure rates and conditional rupture probabilities.
The prior distributions are updated with plant-specific data. The plant-specific data considered
for the IFPRA cover the period from January 1, 1990 through December 31, 2012.
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Additional details regarding the initiating event frequency estimates for the NRC IFPRA are
provided in Appendix A.

2.5. Internal Flood Accident Sequences and Quantification

This section describes the analysis and quantification of the internal flood accident sequences
performed by the L3PRA project staff. The main objective of this task is to identify the internal-
flood-induced accident sequences and quantify the likelihood of core damage (Ref. IF- 7). Each
internal flooding scenario is related to an internal events scenario that would be caused by the
flood and accounts for flood-specific impacts on equipment and operator actions. The modeled
scenarios that were adopted for the IFPRA are described in Section 3.2 of this report. For each
scenario, the related internal event sequences and flood-specific impacts were reviewed to
ensure the flood-related phenomena are appropriately modeled. The following sections provide
a description of the quantification process used for the IFPRA. Section 2.5.1 discusses the
quantitative screening analysis, and Section 2.5.2 discusses quantification of human failure
events. Additional information on the IFPRA model quantification can be found in the discussion
of model results in Section 4.

2.5.1. Quantitative Screening Analysis

After the licensee applied the qualitative screening criteria, 78 potential internal flooding
scenarios were identified for further quantitative evaluation. A quantitative screening process
was performed by the L3PRA project staff to estimate the CDF contribution of each scenario.
The scenarios representing the top 95 percent of the total estimated internal flood CDF and
each scenario contributing greater than 1 percent to total internal flood CDF were selected to be
incorporated into the IFPRA model.

The quantitative screening approach used the NRC internal events PRA to assess the plant
impacts resulting from each of the flooding scenarios. The internal events model was used to
calculate the conditional core damage probability (CCDP) for each flooding scenario based on
the initiating event that was caused and the SSCs that were failed due to the flooding impacts.
The initiating event frequency for each flooding scenario was estimated based on generic data
from the EPRI technical report, “Pipe Rupture Frequencies for Internal Flooding Probabilistic
Risk Assessments” (Ref. IF-9).

This process was used to estimate the CDF of each flooding scenario and determine its
contribution to the overall flooding CDF. The scenarios with the highest contributions to CDF
were evaluated further to assess whether they should be incorporated into the NRC IFPRA
model. This process was repeated for the top contributing scenarios until the modeled scenarios
represented greater than 95 percent of the total flooding CDF and each scenario contributing
greater than 1 percent to total flooding CDF was identified. This process resulted in 23 internal
event flood scenarios being incorporated into the IFPRA model.

2.5.2. Quantification of Human Failure Events

The analysis of human failure events consists of three types of failures: pre-initiator human
failures, post-initiator actions for flood mitigation, and post-flood actions unrelated to the flood
but required for responding to the accident scenario.

The licensee’s internal flooding PRA identified pre-initiator human actions that may lead to
flooding events. They then reviewed plant-specific maintenance practices, procedures and
experience to identify potential human errors that could result in flooding. The identified human-
induced flooding scenarios were previously discussed in Section 2.4.1. Also as discussed in
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Section 2.4.1, in estimating the human-induced flooding scenario frequencies, the licensee
assigned screening values for the HEPs that contribute to the floods.

The licensee’s internal flooding analysis identified post-initiator flood mitigation actions that may
be performed to limit or prevent impacts after a flood is initiated. The plant procedures,
instrumentation, and indications were reviewed to assess how operators become aware that a
flooding situation has occurred. The plant features that could alert operators may include:

e Flood alarms — The presence of flood alarms will reduce the time to discover a flood and
take action to islote the flood.

e Flow and pressure indicators — Many systems contain flow indicators that are monitored
from the main control room. Operators may use flow indications to recognize flooding
conditions. Similarly, low pressure indications may assist in flood indentificaiton.

¢ Radwaste control panels — These panels provide diagnostic information for locating
leaks inside plant buildings.

¢ Radiation detectors — These may be considered in identifying flood source failures
where high radiation may be involved.

As discussed previously in Section 2.3.2, flood mitigating actions were identified based on plant
procedures and available flood indication inside the control room. The licensee applied a
screening HEP of 1.0 to most of these actions (exceptions are described in Section 2.3.2). As
previously stated, there is no credit given for flood mitigation actions in the modeled flooding
scenarios.

The internal flooding analysis also considers the impact on post-flood human failure events that
are unrelated to flood mitigation. These are actions that are performed to mitigate the resulting
plant accident scenario and may be influenced by the flooding conditions. In the IFPRA, post-
flood actions are assumed to fail if local action occurs in an area impacted by the flood. For
actions that are performed in locations unaffected by the flood, the failure probabilities of those
actions may be influenced by the flood occurrence. For actions that are not located in areas
affected by the flooding, the stress level is expected to be the primary performance shaping
factor that impacts the change in the HEP value. The time window for the action should also be
considered. If the time window is sufficiently long (e.g., > 1 hour), then the increase in the stress
level due to the flooding event may be insignificant. A consensus approach for scaling the HEP
values for actions unaffected by the flood location was not identified for this study. Potential
impacts on HEP values were considered, but ultimately there was no method implemented in
the model. Future work in this area may be needed to develop a consensus approach for
adjusting HEP values. For this study, the issue is addressed by considering a sensitivity case
with increased HEP values. The sensitivity case is discussed in Section 4.5.3.
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3. INTERNAL FLOOD PRA MODEL ANALYSIS

The purpose of this section is to describe the NRC IFPRA modeled flood scenarios. Section 3.1
identifies the important model assumptions that were made in developing the NRC IFPRA.
Section 3.2 describes the internal flooding scenarios as they are modeled in the NRC IFPRA.

3.1. Internal Flood Model Assumptions

The following assumptions were made in developing the NRC IFPRA model’s internal flooding
scenarios. Assumptions were made in cases where information about the plant’s flooding risk
was unavailable or not well developed. Additional effort to develop analyses or gather more
information was deemed to be unwarranted because the significance of these issues to the
overall plant core damage frequency (CDF) from all hazards was considered to be low.

1.

Dual-unit or cross-unit flooding scenarios: Based on information reviewed from the
reference plant flooding analysis and confirmatory walkdowns performed by NRC staff for
the NRC IFPRA, potential dual-unit or cross-unit flooding scenarios were screened from
further analysis. The key fluid systems at the reference plant include dedicated systems for
each unit. There is limited dependency on shared or cross-tied systems that could act as a
dual-unit flood source. The potential for flood propagation between units is limited by
sufficient use of compartment walls, doors (including watertight doors for significant flood
sources), curbs, drains, and spatial separation. No risk-significant internal flooding
propagation paths were identified that would impact accident initiation or mitigating
equipment in both units. Also, no risk-significant propagation paths were identified that could
initiate in one unit and impact accident initiation or mitigating equipment in the other unit.
These assumptions are supported by the NRC staff’s analysis of the reference plant;
however, they may not be applicable to other multi-unit plant sites. Also, changes in plant
conditions that could increase internal flooding risks may require revisiting these
assumptions. For example, if cross-unit flood barriers are defeated or potential flood sources
are aligned in off-normal alignments, then the potential for cross-unit flooding may need to
be reevaluated. Nevertheless, for normal plant operating conditions at the reference plant,
the NRC staff deemed the potential for dual-unit or cross-unit internal flooding to be unlikely.
Note, further analysis of floods impacting both units is identified as a consideration for future

work in Appendix C.

Applicability of results to Unit 2: The flooding scenarios were based on analysis of Unit 1
of the reference plant. The Unit 1 internal flooding analysis was deemed applicable to
corresponding flooding areas located in Unit 2. No major differences between the two
reactor units at the reference plant were identified that would impact the internal flooding
analysis.

Loss-of-coolant accidents (LOCAs) and main steam line breaks (MSLBs): Loss of
primary coolant accidents and main steam line breaks are addressed in the internal events
analysis, and were not addressed in the internal flooding analysis. This approach appears to
be consistent with the current internal events PRA state of practice. However, additional
analysis could be pursued to consider multiple locations for these breaks and incorporate
the local impacts in the plant response model. This would improve the realism of these
scenarios, but was not pursued for this study. The internal events PRA evaluation of high-
energy line breaks was deemed sufficient for this study. Note, the contribution of steam line
breaks to the internal flooding analysis is identified as a potential model enhancement in
Appendix C.
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4. Flood source flow rate characterization: The flow rate from a failed flood source can vary

depending on the type of failure that occurs. The Electric Power Research Institute (EPRI)
pipe rupture report (IF- 9) defines three flood failure categories, with associated break flow
rate ranges: spray events with < 100 gpm; flood events with break sizes that produce 100
gpm to 2000 gpm; and major flood events with flow rates greater than 2000 gpm. The same
categories were adopted for the NRC IFPRA.

Each flood scenario may include multiple flood sources that could fail in a variety of ways
and result in a range of break flow rates. A representative flow rate was selected for each
scenario, according to the following:

e For spray events, the representative flow rate was assumed to be 100 gpm.

¢ For flood events where all failed pipes have a diameter of 2 in. or less, the
representative flow rate was assumed to be 1000 gpm.

¢ For flood events where at least one failed pipe has a diameter greater than 2 in., the
representative flow rate was assumed to be 2000 gpm.

e For major floods, the representative flow rate was assumed to be 100,000 gpm.®

The choice of representative flow rate for the flooding scenarios does not have a significant
impact on the NRC IFPRA results. Assumptions regarding equipment failures due to
flooding (see assumption 5, below) make the results insensitive to the choice of
representative flow rate.

Equipment damage due to flooding: For the NRC IFPRA, the structures, systems, and
components (SSCs) that may contribute to accident initiation and mitigation were assumed
to fail if the room was impacted by a flood, regardless of flood height.

Impact of sprays: Failures resulting in spraying or splashing are assumed to affect
components located within a 10-foot radius and within line-of-sight of a pressurized-water
source.’ The spray impact assessment should include consideration of the spatial and
directional effects of sprays. In some PRA studies, a spray directional factor that accounts
for the spray’s direction with respect to the pipe’s circumference is applied when supported
by a detailed engineering evaluation. For the spray scenarios modeled in the NRC IFPRA,
there was not sufficient information available to support a detailed evaluation of the
directional effects of sprays. Therefore, a spray directional factor was not applied in any of
the modeled flood scenarios.

Flood mitigation operator actions: For all of the modeled flooding scenarios, there was no
credit given for flood mitigation actions. In other words, there was no credit given for
operator actions prior to scenario flood damage occurring. It was assumed that each
flooding scenario is eventually terminated by automatic or operator actions after initial
flooding damage and accident initiation occur. Long-term actions to terminate floods may or
may not be required to place the plant in a safe and stable condition, depending on (1) the
capacity of the source and (2) location of the breach and flood water accumulation areas.

6

100,000 gpm is assumed for major floods that involve failures of the circulating water system. The EPRI flooding
frequency report (IF- 9) reports significant circulating water failure historical events that resulted in estimated flow
rates ranging from 3,000 gpm to 200,000 gpm. Based on this range, 100,000 gpm is deemed to be a reasonable
estimate for major floods.

EPRI's “Guidelines for Performing of Internal Flooding Probabilistic Risk Assessment” (Ref. IF-14) suggests a
general guideline that spraying or splashing water should be assumed to affect electrical components located
within @ minimum 10-foot radius and within line-of-sight of a pressurized-water source. This guideline is
considered to be consistent with current internal flooding PRA state of practice.
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Long-term actions to terminate floods were not modeled. It was assumed that any additional
damage from long-term flooding was bounded by the initial flood damage and accident
initiation that was captured in the modeled scenarios.

3.2. Internal Flood Modeled Scenarios

The purpose of this section is to describe the internal flooding scenarios that were modeled in
the NRC IFPRA model. Each flooding scenario description consists of:

Flooding initiating event — the pipe break or component failure that initiates the flooding
Flood location — flood area(s) impacted by the flood
Flood type — spray, local flooding, or flood propagation

Representative flow rate — flood sources can produce a range of possible flow rates. A
representative flow rate was selected using guidlines consistent with those provided in the
first revision of EPRI’s flooding frequency report (Ref. IF- 8).

Corresponding internal initiating event — each flooding scenario results in impacts to the
plant that map to an internal initiating event that is modeled in the internal events PRA. For
example, a flooding event from a feedwater pipe break that results in isolation of main
feedwater (MFW) maps to the internal event “loss of MFW.”

Flood impact — the impacts on the plant due to flooding (i.e., the SSCs included in the PRA
model that are assumed to be failed due to the flood)

Plant response — the plant systems and functions that are needed to prevent core damage
given the SSC failures associated with the flood

The NRC IFPRA model includes 23 internal flood scenarios. The flooding scenarios were
primarily based on the reference plant’s internal flooding analysis; however, some modifications
were made to support the NRC IFPRA. The motivations for modifying the scenarios are
described below.

Update to Initiating Event Frequency Estimates: For the NRC IFPRA, the staff used
generic data from the EPRI technical report, “Pipe Rupture Frequencies for Internal Flooding
PRAs, Revision 3,” (IE- 9IF- 8). The revised initiating event frequencies have generally
increased (by factors ranging from approximately 2 to 4) with respect to the values
published in previous versions of EPRI’s report.

Subsuming Related Scenarios: For the NRC IFPRA, related flood scenarios that have the
same or similar plant impacts were subsumed into a single flood scenario. For example, a
spray scenario and a local flooding scenario that both affect the same equipment in the
same room were treated as a single scenario, and the initiating event frequency includes
both spray and local flooding contributions. These related scenarios were subsumed to
provide more inclusive coverage of the flooding risk, rather than modeling only the highest
contributing scenario from a group of related scenarios.

The internal flooding scenarios are described below. Each scenario description includes
information on the flood location, type of scenario, and impacts on the plant. The scenario
descriptions also identify the corresponding event tree from the internal events PRA that was
used to model the flooding scenaro.

3.2.1. Internal Flood Scenario: 1-FLI-AB_108_SP1
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Flooding Initiating Event

Feedwater (FW) or auxiliary component cooling water (ACCW) pipe failure results in a spray
that impacts steam generator relief and isolation valves.

Location: Auxiliary building — south main steam valve
room

Flood type: Spray

Representative flow rate: 100 gpm

Corresponding internal event: Secondary-side break upstream of MSIVs /

downstream of MFIVs (SSBI)

Flood Impact

The scenario impact involves the spurious operation of steam generator 1 (SG1) MSIVs, MS
isolation bypass valves, and atmospheric relief valve (ARV). Assuming the SG1 ARV fails open
and operators cannot quickly close it, a plant trip would occur. The modeled impact on the SG1
ARV may be pessimistic, since the spray directional factor and the likelihood of equipment
damage given it is sprayed were not factored into the spray scenario frequency. Spray has no
impact on code safety valves. The room is not susceptible to local flooding. Flood water would
accumulate at a lower level of this room, and not propagate to other flood areas.

Spray from FW or ACCW pipe failures can only impact either the SG1 or SG4 valves due to a
wall partition. It is assumed that half of the time the source pipe rupture will impact the SG1
valves (i.e., initiating event frequency for this scenario = 0.5 x total pipe rupture frequency).
Stated differently, half of the source pipe length was assumed to impact SG1 and is modeled in
this scenario. The other half of the source pipe length was assumed to impact SG4 and is
modeled in scenario 1-FLI-AB_108_SP2, described in 3.2.2.

Plant Response

Auxiliary feedwater (AFW) is the primary means of heat removal for this scenario. After a
secondary-side break, the MSIVs will close on low steam line pressure. This eliminates the use
of steam dump valves as a means of removing decay heat. Therefore, heat removal needs to
be accomplished using the ARV or 1 of 5 code safety valves for at least one SG. Although the
ARV for SG1 is assumed to fail open to initiate the event, heat removal by this ARV may not be
available. Due to the flood impacts, the ARV is susceptible to spurious operation and could re-
close. The worst-case assumption is applied to this scenario, and therefore, heat removal by the
ARV for SG1 is assumed unavailable. The operator action to open the SG1 ARV locally with a
hydraulic pump will be directly impacted by a flooding event in this location and cannot be
credited. Successful operation of secondary-side cooling (AFW) can place the reactor in a
stable condition provided (1) successful isolation of the faulted SG, (2) no reactor coolant pump
(RCP) seal LOCA occurs, and (3) a power-operated relief valve (PORV) did not open. Feed-
and-bleed cooling with high-pressure recirculation is also a viable success path.

Main steam lines are located in this room, but they do not contribute to the spray event modeled
in this scenario. The impact of main steam line failures were modeled as separate initiating
events in the internal events model.
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3.2.2. Internal Flood Scenario: 1-FLI-AB_108_SP2

Flooding Initiating Event FW or ACCW system pipe failure results in a spray that impacts SG
relief and isolation valves.

Location: Auxiliary building — south main steam valve
room

Flood type: Spray

Representative flow rate: 100 gpm

Corresponding internal event: Secondary-side break upstream of MSIVs /

downstream of MFIVs (SSBI)

Flood Impact

The scenario impact involves the spurious operation of SG4 MSIVs, MS isolation bypass valves,
and ARV. Assuming the SG4 ARV fails open and operators cannot quickly close it, a plant trip
would occur. The modeled impact on the SG4 ARV may be pessimistic, since the spray
directional factor and the likelihood of equipment damage given it is sprayed were not factored
into the spray scenario frequency. Spray has no impact on code safety valves. The room is not
susceptible to local flooding. Flood water would accumulate at a lower level of this room, and
not propagate to other flood areas.

Spray from FW or ACCW pipe failures can only impact either the SG1 or SG4 valves due to a
wall partition. It is assumed that half of the time the source pipe rupture will impact the SG4
valves (i.e., initiating event frequency for this scenario = 0.5 x total pipe rupture frequency).
Stated differently, half of the source pipe length was assumed to impact SG4 and is modeled in
this scenario. The other half of the source pipe length was assumed to impact SG1 and is
modeled in scenario 1-FLI-AB_108_ SP1, described in 3.2.1.

Plant Response

AFW is the primary means of heat removal for this scenario. After a secondary-side break, the
MSIVs will close on low steam line pressure. This eliminates the use of steam dump valves as a
means of removing decay heat. Therefore, heat removal needs to be accomplished using the
ARV or 1 of 5 code safety valves for at least one SG. Although the ARV for SG4 is assumed to
fail open to initiate the event, heat removal by this ARV may not be available. Due to the flood
impacts, the ARV is susceptible to spurious operation and could re-close. The worst-case
assumption is applied to this scenario, and therefore, heat removal by the ARV for SG4 is
assumed unavailable. The operator action to open the SG4 ARV locally with a hydraulic pump
will be directly impacted by a flooding event in this location and cannot be credited. Successful
operation of secondary-side cooling (AFW) can place the reactor in a stable condition provided
(1) successful isolation of the faulted SG, (2) no RCP seal LOCA occurs, and (3) a PORYV did
not open. Feed-and-bleed cooling with high-pressure recirculation is also a viable success path.

Main steam lines are located in this room, but they do not contribute to the spray event modeled
in this scenario. The impact of main steam line failures are modeled as separate initiating
events in the internal events model.
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3.2.3. Internal Flood Scenario: 1-FLI-AB_A20

Flooding Initiating Event Condensate pipe failure in room A06 results in flood propagation to
room A20, or feedwater pipe failure results in spray impacting equipment in room A20. For the
flood sources in room A20, this scenario only considers spray due to small leaks in feedwater
piping. Large leaks that could cause local flooding are modeled in scenario 1-FLI-AB_A20_FP.
Pipe failure frequencies for flooding sources in both rooms A06 and A20 were included in this
scenario. Flood water propagates from room A06 to room A20 via piping penetrations at various
heights from the floor. The propagation of flood water from room A06 to room A20 was assumed
to be unmitigated.

Location: Auxiliary building, rooms A06 and A20

Flood type: Spray from sources in room A20 and
propagation from sources in A06 to A20
(Local flooding from room A20 sources is
modeled in scenario 1-FLI-AB_A20 FP,
which impacts room A20 and also propagates
to rooms A11 and A12.)

Representative flow rate: 2000 gpm
Corresponding internal event: Loss of MFW (LOMFW)

Flood Impact

The impacted components in room A20 include the FW control/regulator valves and the FW
control/regulator bypass valves for feed lines to SG 1 and SG 4. The FW bypass valves are
assumed to fail to full open, resulting in a loss of MFW transient.

Plant Response

Successful operation of secondary-side cooling (AFW) can place the reactor in a stable
condition provided there is no RCP seal LOCA and a PORYV did not open. Feed-and-bleed
cooling with high-pressure recirculation can also provide successful decay heat removal if
secondary-side cooling is unavailable.

3.2.4. Internal Flood Scenario: 1-FLI-AB_C113_LF1

Flooding Initiating Event The scenario involves failure of the nuclear service cooling water
(NSCW) piping located in the boric acid batching tank room. This scenario only considers
NSCW pipe failures as a flood source. Other potential flood sources are located in the room.
The other flooding sources were determined to not be significant contributors to overall internal
flooding risk and were not modeled in the NRC IFPRA. No propagation scenarios were
identified for this flood area.

Location: Auxiliary building — boric acid batching tank
room
Flood type: Local flooding
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Representative flow rate: 1000 gpm

Corresponding internal event: Other transient resulting in reactor trip
(TRANS)

Flood Impact

The failure of the flood source results in unavailability of NSCW train A. Local flooding impacts
the refueling water storage tank (RWST) to a charging pump suction isolation valve that fails to
open. The NSCW failure would not result in an immediate plant trip. The NSCW failure could
lead to a subsequent plant shutdown if required action and associated completion time were not
met under a limiting condition for operation (LCO). For the purposes of modeling the scenario, a
plant trip with loss of NSCW train A was assumed.

Plant Response

After the plant trip, the primary means of heat removal is secondary-side cooling with steam
generators. AFW is used for feeding steam generators and MFW is available, if needed.
Secondary-side pressure control and heat removal are accomplished using the ARVs or steam
dumps to the main condenser. Successful operation of secondary-side cooling can place the
reactor in a stable condition provided no RCP seal LOCA occurs and a PORV did not open.
Feed-and-bleed cooling with high-pressure recirculation is also a viable success path, but one
centrifugal charging pump is unavailable due to the dependency on the failed NSCW train.

3.2.5. Internal Flood Scenario: 1-FLI-CB_122_SP

Flooding Initiating Event FW pipe failure results in a spray that impacts SG relief and isolation
valves.

Location: Control Building — north main steam valve
room

Flood type: Spray

Representative flow rate: 100 gpm

Corresponding internal event: Secondary-side break upstream of MSIVs /

downstream of MFIVs (SSBI)

Flood Impact

The scenario impact involves the spurious operation of SG3 MSIVs, MS isolation bypass valves,
and ARV. Assuming the SG3 ARV fails open and operators cannot quickly close it, a plant trip
would occur. The modeled impact on the SG3 ARV may be pessimistic, since the spray
directional factor and the likelihood of equipment damage given it is sprayed were not factored
into the spray scenario frequency. Spray has no impact on code safety valves. The room is not
susceptible to local flooding. Flood water would accumulate at a lower level of this room, and
not propagate to other flood areas.

Plant Response

AFW is the primary means of heat removal for this scenario. After a secondary-side break, the
MSIVs will close on low steam line pressure. This eliminates the use of steam dump valves as a
means of removing decay heat. Therefore, heat removal needs to be accomplished using the
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ARV or 1 of 5 code safety valves for at least one SG. Although the ARV for SG3 is assumed to
fail open to initiate the event, heat removal by this ARV may not be available. Due to the flood
impacts, the ARV is susceptible to spurious operation and could re-close. The worst-case
assumption is applied to this scenario, and therefore, heat removal by the ARV for SG3 is
assumed unavailable. The operator action to open the SG3 ARV locally with a hydraulic pump
will be directly impacted by a flooding event in this location and cannot be credited. Successful
operation of secondary-side cooling (AFW) can place the reactor in a stable condition provided
(1) successful isolation of the faulted SG, (2) no RCP seal LOCA occurs, and (3) a PORV did
not open. Feed-and-bleed cooling with high-pressure recirculation is also a viable success path.

Main steam lines are located in this room, but they do not contribute to the spray event modeled
in this scenario. The impact of main steam line failures were modeled as separate initiating
events in the internal events model.

3.2.6. Internal Flood Scenario: 1-FLI-CB_123_SP

Flooding Initiating Event FW pipe failure results in a spray that impacts SG relief and isolation
valves.

Location: Control Building — north main steam valve
room

Flood type: Spray

Representative flow rate: 100 gpm

Corresponding internal event: Secondary-side break upstream of MSIVs /

downstream of MFIVs (SSBI)

Flood Impact

The scenario impact involves the spurious operation of SG2 MSIVs, MS isolation bypass valves,
and ARV. Assuming the SG2 ARV fails open and operators cannot quickly close it, a plant trip
would occur. The modeled impact on the SG2 ARV may be pessimistic, since the spray
directional factor and the likelihood of equipment damage given it is sprayed were not factored
into the spray scenario frequency. Spray has no impact on code safety valves. The room is not
susceptible to local flooding. Flood water would accumulate at a lower level of this room, and
not propagate to other flood areas.

Plant Response

AFW is the primary means of heat removal for this scenario. After a secondary-side break, the
MSIVs will close on low steam line pressure. This eliminates the use of steam dump valves as a
means of removing decay heat. Therefore, heat removal needs to be accomplished using the
ARV or 1 of 5 code safety valves for at least one SG. Although the ARV for SG4 is assumed to
fail open to initiate the event, heat removal by this ARV may not be available. Due to the flood
impacts, the ARV is susceptible to spurious operation and could re-close. The worst-case
assumption is applied to this scenario, and therefore, heat removal by the ARV for SG2 is
assumed unavailable. The operator action to open the SG2 ARV locally with a hydraulic pump
will be directly impacted by a flooding event in this location and cannot be credited. Successful
operation of secondary-side cooling (AFW) can place the reactor in a stable condition provided
(1) successful isolation of the faulted SG, (2) no RCP seal LOCA occurs, and (3) a PORYV did
not open. Feed-and-bleed cooling with high-pressure recirculation is also a viable success path.
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Main steam lines are located in this room, but they do not contribute to the spray event modeled
in this scenario. The impact of main steam line failures were modeled as separate initiating
events in the internal events model.

3.2.7. Internal Flood Scenario: 1-FLI-CB_A48

Flooding Initiating Event The train A 4.16 KV AC switchgear room does not contain flood
sources. However, flood water may propagate to the train A 4.16 KV AC switchgear room by
flowing through the gap under the normally closed double doors from an adjacent hallway. The
likelihood of propagation to the switchgear room depends on break size, location, and
effectiveness of the flood mitigation features (e.g., floor drains). For the purposes of the NRC’s
IFPRA model, an NRC staff walkdown of the reference plant in ths location supported the
assumption that flood propagation to the 4.16 KV AC switchgear room was unlikely; therefore, a
flood propagation factor of 0.1 was assumed.

Location: Control building, room A48 — train A 4.16 KV
AC swithgear room and room A58 — train A
corridor

Flood type: Flood propagation

Representative flow rate: 1000 gpm

Corresponding internal event: Loss of safety-related (Class 1E) 4160V bus
train A (LO4160VA)

Flood Impact

The switchgear cabinets located in the room were assumed to be impacted by flood water that
propagates to the room. The failed switchgear results in a loss of power to Class 1E 4160 VAC
bus train A. Power to the bus is assumed to be non-recoverable. The loss of Class 1E 4160
VAC bus A will cause loss of power to multiple 480 VAC switchgears and battery chargers for
dc buses. After four hours, power to the affected Class 1E 125 vdc buses will be lost as the
batteries deplete. This will cause a reactor trip and will affect the actuation and control of train A
engineered safety features.

Plant Response

After the plant trip, the primary means of heat removal is secondary-side cooling with steam
generators. AFW is used for feeding steam generators and MFW is available, if needed.
Secondary-side pressure control and heat removal are accomplished using the ARVs or steam
dumps to the main condenser. Successful operation of secondary-side cooling can place the
reactor in a stable condition provided no RCP seal LOCA occurs and a PORYV did not open.
Feed-and-bleed cooling with high-pressure recirculation is also a viable success path. The
redundancy of equipment available for the plant response is significantly impacted by the loss of
power to the Class 1E 4160 VAC bus train A. The train A AFW motor-driven pump and
centrifugal charging pump are unavailable, as well as many other train A engineered safety
feature electrical loads.
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3.2.8. Internal Flood Scenario: 1-FLI-CB_A60

Flooding Initiating Event The scenario considers impacts from flood sources located in
adjacent rooms A60 and A59. The flood sources include fire protection and utility water pipes
that can lead to local flooding and flood propagation.

Location: Control building, room A60 — HVAC room and
room A59 — corridor

Flood type: Local flooding in room A60 and propagation
from A59 to A60

Representative flow rate: 1000 gpm

Corresponding internal event: Secondary-side break upstream of MSIVs /
downstream of MFIVs (SSBI)

Flood Impact

The flood sources impact the ARV signal converter for either SG2 or SG3, both located in room
AB0. The flood sources located in room A60 contribute to local flooding and spray impacts on
one of the ARV signal converters. No spray directional factor is applied. The flood scenario also
includes a contribution from flood sources in room A59 that can propagate to room A60 by
flowing through the gap under the normally closed double doors. Room A59 contains no
accident initiation or mitigating equipment. The modeled scenario subsumes different flood
types (e.g., spray, propagation) and simplified assumptions were made about the impacts on
equipment. A detailed analysis including flood water height, spray directional effects, and flood
water impact on signal converters was not performed. Rather, a pessimistic assumption was
made that any flood impacting room A60 will result in a single stuck open ARV and an effective
secondary-side line break (assumed to be associated with SG2). If operators cannot quickly
close the SG2 ARV, this would lead to a plant trip.
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Plant Response

AFW is the primary means of heat removal for this scenario. After a secondary-side break, the
MSIVs will close on low steam line pressure. This eliminates the use of steam dump valves as a
means for removing decay heat. Therefore, heat removal needs to be accomplished using an
ARV or 1 of 5 code safety valves for at least one SG. Although the ARV for SG2 is assumed to
fail open to initiate the event, heat removal by this ARV may not be available. Due to the flood
impacts, the ARV is susceptible to spurious operation and could re-close. The worst-case
assumption is applied to this scenario, and therefore, heat removal by the ARV for SG2 is
assumed unavailable. Successful operation of secondary-side cooling (AFW) can place the
reactor in a stable condition provided (1) successful isolation of the faulted SG, (2) no RCP seal
LOCA occurs, and (3) a PORV did not open. Feed-and-bleed cooling with high-pressure
recirculation is also a viable success path.

3.2.9. Internal Flood Scenario: 1-FLI-TB_500_HI1

Flooding Initiating Event Human failures associated with the circulating water system and
condenser water box manways can lead to human-induced local flooding. This scenario
considers circulating water system maintenance work leading to a flooding event. Maintenance
work requiring the opening of the condenser water box for tube cleaning/plugging was estimated
to occur during plant operation at a frequency of 9.4x102 per reactor-critical-year. Human errors
that result in failure to properly secure the manway cover(s) after completion of the work would
lead to spilling of water out of the condenser water box and impacting equipment on level A of
the turbine building. Screening values were assumed for human error probabilities. These were
deemed to be conservative estimates of the likelihood of operator failure. The frequency of the
flood scenario is expected to be lower than the estimate provided here if more realistic HEP
values are used.®

A screening value of 0.01 was assigned for the probability of the crew failing to properly secure
the manway cover(s). The flood scenario can be mitigated by the control room operators
tripping the circulating water pumps, if they are notified before significant flooding occurs. A
screening value of 0.1 was assigned for operator failure to mitigate the flooding event. The
frequency of this human-induced flood scenario was estimated by assuming the occurrence of
all three of the following events:

e condenser water box maintenance during plant operation
e maintenance crew failure to properly secure the manway cover(s)
e operator failure to mitigate the flood scenario

The frequency of this human-induced flooding scenario was estimated to be:

9.4x1072 per reactor-critical-year x 0.01 x 0.1 = 9.4x10°° per reactor-critical-year

Location: Turbine building, level A fire zone 500
Flood type: Human-induced local flooding
Representative flow rate: 100,000 gpm

Corresponding internal event: Loss of condenser heat sink (LOCHS)

8 A sensitivity analysis documented in Section 4.5.2 shows that the overall internal flooding CDF is relatively
insensitive to the HEP values chosen.
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Flood Impact

The loss of circulating water through the condenser manway(s) would cause a plant trip due to
loss of condenser vacuum. With the condenser unavailable, the steam dump system cannot
dump steam to the condenser. The MFW pump will trip on low condenser vacuum, which
causes a total loss of MFW flow. Although feedwater could be used after resetting feedwater
isolation, the MFW and condensate systems were assumed to be unavailable. The large flow
volume from the circulating water system through the condenser manway(s) would also cause
significant flooding in the turbine building. All the equipment on level A of the turbine building
would be impacted.

Plant Response

After the plant trip, the primary means of heat removal is secondary-side cooling with steam
generators. AFW is used for feeding steam generators. Secondary-side pressure control and
heat removal are accomplished using the ARVs. The main condenser is unavailable due to the
initiating event. Successful operation of secondary-side cooling can place the reactor in a stable
condition provided no RCP seal LOCA occurs and a PORYV did not open. Feed-and-bleed
cooling with high-pressure recirculation is also a viable success path.

3.2.10. Internal Flood Scenario: 1-FLI-TB_500 LF

Flooding Initiating Event The scenario considers flood sources that contribute to local flooding
of level A of the turbine building. The largest contribution to local flooding in the turbine building
is due to failure of circulating water piping or expansion joints. Other flood sources include fire
protection, heater drain, demineralized water, and TPCCW system piping.

Location: Turbine building, level A fire zone 500
Flood type: Local flooding
Representative flow rate: 100,000 gpm
Corresponding internal event: Loss of condenser heat sink (LOCHS)

Flood Impact

The loss of circulating water would cause a plant trip due to loss of condenser vacuum. With the
condenser unavailable, the steam dump system cannot dump steam to the condenser. The
MFW pump will trip on low condenser vacuum, which causes a total loss of MFW flow.
Although feedwater could be used after resetting feedwater isolation, the MFW and
condensate systems were assumed to be unavailable. The large flow volume from the
circulating water system would impact all the equipment on level A of the turbine building.

Failures of other flood sources would be limited in their impacts. For example, failures of the
TPCCW system would be expected to only impact the equipment of that system. However, this
scenario conservatively assumes the bounding conditions of a circulating water piping failure for
all modeled flood sources. The condensate system piping is another potential flood source
located in the turbine building, but this source was not included in this scenario. The condensate
system flooding impact was modeled separately in scenario 1-FLI-TB_500_LF-CDS.

Plant Response
After the plant trip, the primary means of heat removal is secondary-side cooling with steam
generators. AFW is used for feeding steam generators. Secondary-side pressure control and
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heat removal are accomplished using the ARVs. The main condenser is unavailable due to the
initiating event. Successful operation of secondary-side cooling can place the reactor in a stable
condition provided no RCP seal LOCA occurs and a PORYV did not open. Feed-and-bleed
cooling with high-pressure recirculation is also a viable success path.

3.211. Internal Flood Scenario: 1-FLI-AB_B08_LF

Flooding Initiating Event The scenario involves failure of the NSCW piping located in room
B08. This scenario only considers NSCW pipe failure as a flood source. Other potential flood
sources are located in the room. The other flooding sources were determined to not be
significant contributors to overall internal flooding risk and were not modeled in the NRC IFPRA.
No propagation scenarios were identified for this flood area.

Location: Auxiliary building, room B08 — pipe
penetration room

Flood type: Local flooding

Representative flow rate: 2000 gpm

Corresponding internal event: Reactor trip (RTRIP)

Flood Impact

The failure of the flood source results in unavailability of NSCW train A. Local flooding impacts a
safety-related containment pressure transmitter. Failure of the containment pressure transmitter
is assumed to result in a reactor protection system (RPS) actuation and reactor trip. A basic
event representing containment pressure transmitter failure was not modeled, but the impact of
the pressure transmitter failure was modeled by assuming a reactor trip occurs.

Plant Response

After the plant trip, the primary means of heat removal is secondary-side cooling with steam
generators. AFW is used for feeding steam generators and MFW is available, if needed.
Secondary-side pressure control and heat removal are accomplished using the ARVs or steam
dumps to the main condenser. Successful operation of secondary-side cooling can place the
reactor in a stable condition provided no RCP seal LOCA occurs and a PORV did not open.
Feed-and-bleed cooling with high-pressure recirculation is also a viable success path, but one
centrifugal charging pump is unavailable due to the dependency on the failed NSCW train.

3.212. Internal Flood Scenario: 1-FLI-AB_B24 LF2

Flooding Initiating Event The scenario involves failure of the NSCW piping located in room
B24. The failure of the flood source results in unavailability of NSCW train A. This scenario only
considers NSCW pipe failure as a flood source. Other potential flood sources are located in the
room. The other flooding sources were determined to not be significant contributors to overall
internal flooding risk and were not modeled in the NRC IFPRA. No propagation scenarios were
identified for this flood area.

Location: Auxiliary building, room B24 — ACCW pump
room
Flood type: Local flooding
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Representative flow rate: 1000 gpm

Corresponding internal event: Other transient resulting in reactor trip
(TRANS)

Flood Impact

Local flooding impacts ACCW pump 1 and fails the pump’s discharge pressure interlock. The
NSCW failure would not result in an immediate plant trip. The NSCW failure could lead to a
subsequent plant shutdown if required action and associated completion time are not met under
LCO conditions. For the purposes of modeling the scenario, a plant trip with loss of NSCW train
A was assumed.

Plant Response

After the plant trip, the primary means of heat removal is secondary-side cooling with steam
generators. AFW is used for feeding steam generators and MFW is available, if needed.
Secondary-side pressure control and heat removal are accomplished using the ARVs or steam
dumps to the main condenser. Successful operation of secondary-side cooling can place the
reactor in a stable condition provided no RCP seal LOCA occurs and a PORV did not open.
Feed-and-bleed cooling with high-pressure recirculation is also a viable success path, but one
centrifugal charging pump is unavailable due to the dependency on the failed NSCW train.

3.2.13. Internal Flood Scenario: 1-FLI-AB_B50_JI

Flooding Initiating Event Chemical and volume control system (CVCS) pipe failure results in
spray and jet impingement on a nearby cable tray in pipe chase room B50. No propagation
scenarios were identified for this flood area.

Location: Auxiliary building, room B50 — pipe chase
train B

Flood type: Jet impingement

Representative flow rate: 100 gpm

Corresponding internal event: Other transient resulting in reactor trip
(TRANS)

Flood Impact

The failure of the cable tray results in loss of instrumentation and control for several pieces of
equipment, including ACCW pump 1, all three CCW train B pumps, and all three NSCW train B
pumps. The equipment controlled via the cable tray were assumed failed for this scenario. The
failed equipment would ultimately result in a reactor trip or a plant shutdown under LCO
conditions.

Plant Response

After the plant trip, the primary means of heat removal is secondary-side cooling with steam
generators. AFW is used for feeding steam generators and MFW is available, if needed.
Secondary-side pressure control and heat removal are accomplished using the ARVs or steam
dumps to the main condenser. Successful operation of secondary-side cooling can place the
reactor in a stable condition provided no RCP seal LOCA occurs and a PORV did not open.
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Feed-and-bleed cooling with high-pressure recirculation is also a viable success path, but one
centrifugal charging pump is unavailable due to the dependency on the failed NSCW train.

3.2.14. Internal Flood Scenario: 1-FLI-AB_C115_LF

Flooding Initiating Event The scenario involves failure of the NSCW piping located in the train
A centrifugal charging pump room. This scenario only considers NSCW pipe failure as a flood
source. Other potential flood sources are located in the room. The other flooding sources were
determined to not be significant contributors to overall internal flooding risk and were not
modeled in the NRC IFPRA. No propagation scenarios were identified for this flood area.

Location: Auxiliary building — CVCS centrifugal
charging pump room train A

Flood type: Local flooding

Representative flow rate: 2000 gpm

Corresponding internal event: Other transient resulting in reactor trip
(TRANS)

Flood Impact

The failure of the flood source results in the unavailability of NSCW train A. Local flooding
impacts the train A centrifugal charging pump. The NSCW failure would not result in an
immediate plant trip. The NSCW failure could lead to a subsequent plant shutdown if required
action and associated completion time were not met under LCO conditions. For the purposes of
modeling the scenario, a plant trip with loss of NSCW train A was assumed.

Plant Response

After the plant trip, the primary means of heat removal is secondary-side cooling with steam
generators. AFW is used for feeding steam generators and MFW is available, if needed.
Secondary-side pressure control and heat removal are accomplished using the ARVs or steam
dumps to the main condenser. Successful operation of secondary-side cooling can place the
reactor in a stable condition provided no RCP seal LOCA occurs and a PORV did not open.
Feed-and-bleed cooling with high-pressure recirculation is also a viable success path, but one
centrifugal charging pump is unavailable due to the dependency on the failed NSCW train.

3.2.15. Internal Flood Scenario: 1-FLI-AB_C118_LF

Flooding Initiating Event The scenario involves failure of the NSCW piping located in the train
B centrifugal charging pump room. This scenario only considers NSCW pipe failure as a flood
source. Other potential flood sources are located in the room. The other flooding sources were
determined to not be significant contributors to overall internal flooding risk and were not
modeled in the NRC IFPRA. No propagation scenarios were identified for this flood area.
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Location: Auxiliary building — CVCS centrifugal
charging pump room train B

Flood type: Local flooding

Representative flow rate: 1000 gpm

Corresponding internal event: Other transient resulting in reactor trip
(TRANS)

Flood Impact

The failure of the NSCW piping results in the unavailability of NSCW train B. The local flooding
impacts the train B centrifugal charging pump. The NSCW failure would not result in an
immediate plant trip. The NSCW failure could lead to a subsequent plant shutdown if required
action and associated completion time were not met under LCO conditions. For the purposes of
modeling the scenario, a plant trip with loss of NSCW train B was assumed.

Plant Response

After the plant trip, the primary means of heat removal is secondary-side cooling with steam
generators. AFW is used for feeding steam generators and MFW is available, if needed.
Secondary-side pressure control and heat removal are accomplished using the ARVs or steam
dumps to the main condenser. Successful operation of secondary-side cooling can place the
reactor in a stable condition provided no RCP seal LOCA occurs and a PORV did not open.
Feed-and-bleed cooling with high-pressure recirculation is also a viable success path, but one
centrifugal charging pump is unavailable due to the dependency on the failed NSCW train.

3.2.16. Internal Flood Scenario: 1-FLI-AB_C120_LF

Flooding Initiating Event The scenario involves failure of the NSCW piping located in the
vestibule area outside of the charging pump rooms. This scenario only considers NSCW pipe
failure as a flood source. Other potential flood sources are located in the room. The other
flooding sources were determined to not be significant contributors to overall internal flooding
risk and were not modeled in the NRC IFPRA. No propagation scenarios were identified for this
flood area.

Location: Auxiliary building — vestibule area charging
pump rooms

Flood type: Local flooding

Representative flow rate: 1000 gpm

Corresponding internal event: Other transient resulting in reactor trip
(TRANS)

Flood Impact

The failure of the NSCW piping results in the unavailability of NSCW train A. The local flooding
would impact the RWST to charging pump suction isolation valve, which is assumed to fail to
open if demanded. The NSCW failure would not result in an immediate plant trip. The NSCW
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failure could lead to a subsequent plant shutdown if required action and associated completion
time were not met under LCO conditions. For the purposes of modeling the scenario, a plant trip
with loss of NSCW train A was assumed.

Plant Response

After the plant trip, the primary means of heat removal is secondary-side cooling with steam
generators. AFW is used for feeding steam generators and MFW is available, if needed.
Secondary-side pressure control and heat removal are accomplished using the ARVs or steam
dumps to the main condenser. Successful operation of secondary-side cooling can place the
reactor in a stable condition provided no RCP seal LOCA occurs and a PORV did not open.
Feed-and-bleed cooling with high-pressure recirculation is also a viable success path, but one
centrifugal charging pump is unavailable due to the dependency on the failed NSCW train.

3.2.17. Internal Flood Scenario: 1-FLI-AB_D74_FP

Flooding Initiating Event Fire protection pipe failure in room D74 results in flooding that
propagates to safety-related 480 VAC switchgear room D105. There is no significant equipment
located in room D74; however, the propagation of flood waters to room D105 results in failure of
a class 1E 480 VAC switchgear and a 4160/480 VAC transformer.

Location: Auxiliary building — spray additive tank room

Flood type: Flood propagation

Representative flow rate: 1000 gpm

Corresponding internal event: Other transient resulting in reactor trip
(TRANS)

Flood Impact

Flood propagation results in failure of a class 1E 480 VAC switchgear and a 4160/480 VAC
transformer. Failure of the switchgear is assumed to cause a plant trip. The loss of power to the
480 VAC bus results in unavailability of NSCW train A.

Plant Response

After the plant trip, the primary means of heat removal is secondary-side cooling with steam
generators. AFW is used for feeding steam generators and MFW is available, if needed.
Secondary-side pressure control and heat removal are accomplished using the ARVs or steam
dumps to the main condenser. Successful operation of secondary-side cooling can place the
reactor in a stable condition provided no RCP seal LOCA occurs and a PORV did not open.
Feed-and-bleed cooling with high-pressure recirculation is also a viable success path, but one
centrifugal charging pump is unavailable due to the dependency on the failed NSCW train.

3.2.18. Internal Flood Scenario: 1-FLI-DGB_101_LF

Flooding Initiating Event The scenario involves failure of the NSCW piping located in the
emergency diesel generator (EDG) train B room. This scenario only considers NSCW pipe
failure as a flood source. Other potential flood sources are located in the room. The other
flooding sources were determined to not be significant contributors to overall internal flooding
risk and were not modeled in the NRC IFPRA. No propagation scenarios were identified for this
flood area.
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Location: Diesel generator building — diesel generator

train B room

Flood type: Local flooding

Representative flow rate: 2000 gpm

Corresponding internal event: Other transient resulting in reactor trip
(TRANS)

Flood Impact

The failure of the NSCW piping results in the unavailability of NSCW train B. The local flooding
impacts the train B EDG and a safety-related 480 VAC motor control center. The NSCW failure
would not result in an immediate plant trip. The NSCW failure could lead to a subsequent plant
shutdown if required action and associated completion time are not met under LCO conditions.
For the purposes of modeling the scenario, a plant trip with loss of NSCW train B was assumed.

Plant Response

After the plant trip, the primary means of heat removal is secondary-side cooling with steam
generators. AFW is used for feeding steam generators and MFW is available, if needed.
Secondary-side pressure control and heat removal are accomplished using the ARVs or steam
dumps to the main condenser. Successful operation of secondary-side cooling can place the
reactor in a stable condition provided no RCP seal LOCA occurs and a PORV did not open.
Feed-and-bleed cooling with high-pressure recirculation is also a viable success path, but one
centrifugal charging pump is unavailable due to the dependency on the failed NSCW train.

3.2.19. Internal Flood Scenario: 1-FLI-DGB_103_LF

Flooding Initiating Event The scenario involves failure of the NSCW piping located in the EDG
train A room. This scenario only considers NSCW pipe failure as a flood source. Other potential
flood sources are located in the room. The other flooding sources were determined to not be
significant contributors to overall internal flooding risk and were not modeled in the NRC IFPRA.
No propagation scenarios were identified for this flood area.

Location: Diesel generator building — diesel generator
train A room

Flood type: Local flooding

Representative flow rate: 2000 gpm

Corresponding internal event: Other transient resulting in reactor trip
(TRANS)

Flood Impact

The failure of the NSCW piping results in the unavailability of NSCW train A. The local flooding
impacts the train A EDG and a safety-related 480 VAC motor control center. The NSCW failure
would not result in an immediate plant trip. The NSCW failure could lead to a subsequent plant

30



shutdown if required action and associated completion time are not met under LCO conditions.
For the purposes of modeling the scenario, a plant trip with loss of NSCW train A is assumed.

Plant Response

After the plant trip, the primary means of heat removal is secondary-side cooling with steam
generators. AFW is used for feeding steam generators and MFW is available, if needed.
Secondary-side pressure control and heat removal are accomplished using the ARVs or steam
dumps to the main condenser. Successful operation of secondary-side cooling can place the
reactor in a stable condition provided no RCP seal LOCA occurs and a PORV did not open.
Feed-and-bleed cooling with high-pressure recirculation is also a viable success path, but one
centrifugal charging pump is unavailable due to the dependency on the failed NSCW train.

3.2.20. Internal Flood Scenario: 1-FLI-AB_A20_FP

Flooding Initiating Event Feedwater pipe failure results in local flooding in room A20 and flood
propagation to rooms A11 and A12. Pipe failure frequencies for flooding sources in room A20
are included in this scenario. No flood sources are identified in rooms A11 and A12. The
impacts on rooms A11 and A12 are only due to the propagation of flood water from room A20.
The propagation is assumed to be unmitigated.

Location: Auxiliary building, rooms A11 and A12 with
propagation from A20
Flood type: Local flooding in room A20 and propagation

to rooms A11 and A12.
Representative flow rate: 2000 gpm
Corresponding internal event: Loss of MFW (LOMFW)

Flood Impact

The impacted components in room A20 include the FW control/regulator valves and the FW
control/regulator bypass valves for feed lines to SG1 and SG4. The valves are assumed to fail
to open resulting in a loss of MFW transient. The impacted components in room A11 include the
SG1 FW isolation valve and turbine-driven AFW pump (TDAFWP) discharge valves. The
impacted components in room A12 include the SG4 FW isolation valve, ACCW supply/return
isolation valves, and AFW motor-driven pump (MDP) train A discharge valves to SG1 and SG4.
The AFW pump discharge valves were assumed to fail in their normally open state. The ACCW
valves were assumed to fail closed.

Plant Response

In response to the loss of MFW transient, successful operation of secondary-side cooling (AFW)
can place the reactor in a stable condition provided there is no RCP seal LOCA and a PORYV did
not open. Feed-and-bleed cooling with high-pressure recirculation can also provide successful
decay heat removal, if secondary-side cooling is unavailable.

3.2.21. Internal Flood Scenario: 1-FLI-AB_D78_FP

Flooding Initiating Event The scenario involves failure of the residual heat removal (RHR)
system piping and piping from the RWST located in rooms D78 and D79. The flooding
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propagates to Class 1E 480 VAC switchgear room D105 via a non-water-tight door and piping
penetrations.

Location: Auxiliary building, train A piping rooms D78
and D79 with propagation to 480 VAC
switchgear room D105

Flood type: Flood propagation

Representative flow rate: 2000 gpm

Corresponding internal event: Other transient resulting in reactor trip
(TRANS)

Flood Impact

The flood results in the failure of the 480 VAC switchgear and 4.16 KV AC / 480 VAC
transformer located in room D105. The loss of power to the 480 VAC bus results in
unavailability of NSCW train A. The RWST is also assumed to be unavailable due to the pipe
failure. The switchgear failure and RWST unavailability would not result in an immediate plant
trip. The failures could lead to a subsequent plant shutdown if required action and associated
completion time are not met under LCO conditions. For the purposes of modeling the scenario,
a plant trip with loss of the impacted equipment was assumed.

Plant Response

After the plant trip, the primary means of heat removal is secondary-side cooling with steam
generators. AFW is used for feeding steam generators and MFW is available, if needed.
Secondary-side pressure control and heat removal are accomplished using the ARVs or steam
dumps to the main condenser. Successful operation of secondary-side cooling can place the
reactor in a stable condition provided no RCP seal LOCA occurs and a PORV did not open.
Feed-and-bleed cooling is not available due to the flood impacting the ability to align suction to
the RWST.

3.2.22. Internal Flood Scenario: 1-FLI-TB_500 LF-CDS

Flooding Initiating Event The scenario considers only the condensate system flood sources
that contribute to local flooding of level A of the turbine building. Other flood sources in the area
are modeled in scenario 1-FLI-TB_500_LF.

Location: Turbine building, level A fire zone 500
Flood type: Local flooding
Representative flow rate: 2000 gpm

Corresponding internal event: Loss of MFW (LOMFW)

Flood Impact

The failure of condensate system piping results in a loss of MFW and a plant trip. The flood fails
the condensate pumps. The MFW system is assumed unavailable through the duration of the
event due to the failed condensate pumps. The condensate system flood sources are expected
to have less severe impacts compared to other large capacity, high flow rate sources in the area
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(e.g., circulating water). Therefore the condensate system flood sources are modeled separately
in this scenario.

Plant Response

In response to the loss of MFW transient, successful operation of secondary-side cooling (AFW)
can place the reactor in a stable condition provided there is no RCP seal LOCA and a PORYV did
not open. Feed-and-bleed cooling with high-pressure recirculation can also provide successful
decay heat removal, if secondary-side cooling is unavailable.

3.2.23. Internal Flood Scenario: 1-FLI-TB_500_HI2

Flooding Initiating Event Human failures in restoring the turbine plant closed cooling water
(TPCCW) heat exchangers after maintenance can lead to human-induced local flooding. This
scenario considers failure of the maintenance crew to properly close up the heat exchanger (on
the turbine plant cooling water [TPCW] system side) after maintenance work.

Maintenance work requiring the opening of a TPCCW heat exchanger was estimated to occur
during plant operation at a frequency of 9.4x10 per reactor-critical-year. Human errors that
result in failure to properly close the heat exchanger would lead to TPCW water spilling out of
the heat exchanger and impacting TPCCW equipment on level A of the turbine building. The
types of human errors that can lead to flooding include:

o failure to isolate the tube-side (TPCW) drain valve after maintenance
o failure to install the gasket for the “end bell” of the heat exchanger
o failure to properly bolt or torque the “end bell” of the heat exchanger

Screening values were assumed for human error probabilities. These were deemed to be
conservative estimates of the likelihood of operator failure. The frequency of the flood scenario
is expected to be lower than the estimate provided here if more realistic HEP values are used.®
The screening value for the probability of the crew failing to properly close the drain valve or
install the heat exchanger end bell was 0.01. The flood scenario can be mitigated if the crew re-
closes the TPCW inlet isolation valve near the heat exchanger when they detect water flowing
out of the system. The screening value for operator failure to mitigate the flooding event was
0.1. The frequency of the human induced flood scenario is estimated by assuming the
occurrence of all three of the following events:

e TPCCW heat exchanger maintenance during plant operation
e maintenance crew failure to properly secure the heat exchanger
¢ maintenance crew failure to mitigate the flood scenario

The frequency of the human-induced flooding scenario was estimated as:
9.4x1072 per reactor-critical-year x 0.01 x 0.1 = 9.4x10° per reactor-critical-year

Location: Turbine building, level A fire zone 500
Flood type: Human-induced local flooding
Representative flow rate: 2000 gpm

9 A sensitivity analysis documented in Section 4.5.2 shows that the overall internal flooding CDF is relatively
insensitive to the HEP values chosen.
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Corresponding internal event: Turbine trip (TTRIP)

Flood Impact

The impact of the flooding scenario associated with the TPCCW heat exchanger was
conservatively assumed to be the loss of the TPCW leading to a turbine trip.

Plant Response

After the plant trip, the primary means of heat removal is secondary-side cooling with steam
generators. AFW is used for feeding steam generators and MFW is available, if needed.
Secondary-side pressure control and heat removal are accomplished using the ARVs or steam
dumps to the main condenser. Successful operation of secondary-side cooling can place the
reactor in a stable condition provided no RCP seal LOCA occurs and a PORV did not open.
Feed-and-bleed cooling with high-pressure recirculation is also a viable success path.
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4. INTERNAL FLOOD MODEL RESULTS

The objective of this section is to describe the results of NRC’s Level 1, at-power, internal
flooding PRA (IFPRA) model for a single unit. The NRC’s IFPRA consists of 23 internal flooding
scenarios that were integrated into the NRC’s Level 1 PRA for at-power internal events. The
combined model was developed and is maintained using the NRC’s SAPHIRE software (IE- 5).
The results of the internal flooding scenarios are presented here for the Unit 1 model. The Unit 1
internal flooding results were deemed applicable to corresponding flooding areas located in Unit
2, based on the symmetry between the two units. No major differences between the two reactor
units were identified that would impact the internal flooding analysis.

The internal flooding scenarios include the flooding initiating event (i.e., the pipe break or
component failure that initiates the flooding), the impacts on the plant due to flooding, and the
plant response to the event. Each internal flooding scenario was represented by a unique event
tree in the NRC IFPRA model. Each scenario can comprise several flooding accident
sequences, which involve different combinations of operator errors and/or mitigating system
failures resulting in core damage. Each accident sequence represents a unique event tree
branch in the NRC IFPRA model. The following sections provide the NRC IFPRA results. 4.1
presents the CDF results obtained for each of the modeled internal flooding scenarios. 4.2
provides results for the significant internal flooding accident sequences. 4.3 presents the
significant internal flooding cut set results. 4.4 shows the results of parameter uncertainty
analysis for the IFPRA CDF results. Section 4.5 discusses sources of model uncertainty and
sensitivity cases to demonstrate the potential effects of uncertainties on the model results.
Section 4.6 compares the results to the results from a similar plant. Section 4.7 presents a
summary of key insights.

4.1. Internal Flooding Scenario and Overall CDF Results

The internal flooding scenarios were quantified to estimate CDF. The truncation level for
quantification was set to 10-'2. The internal flooding scenarios were also quantified at
truncations of 10" and 10" to check for convergence of the CDF results. The change in CDF
was less than 5 percent for each decade of truncation value. The minimal cut set upper bound
method was used for quantifying the cut set results. The total estimated CDF result for internal
flooding scenarios was calculated to be 7.9x107 per reactor-critical-year, which is less than 1
percent of the total single unit CDF for all hazards. The model was developed and quantified
using the NRC’s SAPHIRE software (IF- 5). The SAPHIRE version number used for the
quantification is 8.1.5. The model revision number used for the quantification is SYN285. The
results by internal flooding initiating event scenario are shown in Table 4.1.
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Table 4.1 Internal Flooding Results by Scenario

IE frequency

CDF per

Scenario Name pe_r_reactor- CcCDP* !'e_actor- ?Dog %u;usrﬁt
critical-year critical-year
1 |1-FLI-AB_C113_LF1 2.2E-04 6.9E-04 1.6E-07 19.6 348
2 [1-FLI-AB_C120_LF 1.8E-04 7.2E-04 1.3E-07 16.5 347
3 |1-FLI-CB_123_SP 2.8E-04 3.7E-04 1.0E-07 12.9 1393
4 |1-FLI-CB_122_SP 2.8E-04 3.7E-04 1.0E-07 12.9 1389
5 [1-FLI-AB_C115_LF 1.3E-04 6.9E-04 9.2E-08 11.7 300
6 |1-FLI-AB_108_SP1 2.8E-04 2.1E-04 5.9E-08 7.5 1135
7 | 1-FLI-AB_108_SP2 2.8E-04 2.1E-04 5.9E-08 7.5 1127
8 |1-FLI-CB_A60 5.2E-05 3.6E-04 1.9E-08 24 493
9 [1-FLI-TB_500_LF 2.2E-03 7.6E-06 1.6E-08 21 701
10 [ 1-FLI-CB_A48 9.2E-05 1.5E-04 1.4E-08 1.8 332
11 |1-FLI-DGB_101_LF 7.3E-06 8.5E-04 6.2E-09 0.8 70
12 |1-FLI-AB_D74_FP 8.6E-06 6.9E-04 5.9E-09 0.8 89
13 |1-FLI-AB_C118_LF 7.5E-06 7.3E-04 5.5E-09 0.7 75
14 | 1-FLI-AB_BO08_LF 7.7E-06 6.9E-04 5.3E-09 0.7 72
15 |1-FLI-DGB_103_LF 7.3E-06 7.0E-04 5.1E-09 0.7 79
16 | 1-FLI-TB_500_LF-CDS 6.3E-04 7.2E-06 4.5E-09 0.6 303
17 |1-FLI-AB_B24 LF2 3.5E-06 7.1E-04 2.5E-09 0.3 74
18 | 1-FLI-AB_B50_JI 3.4E-06 7.3E-04 2.4E-09 0.3 56
19 | 1-FLI-AB_A20 2.7E-04 6.8E-06 1.8E-09 0.2 153
20 [1-FLI-TB_500_HI2 9.4E-05 7.2E-06 6.7E-10 0.1 59
21 [1-FLI-TB_500_HI1 9.4E-05 6.1E-06 5.7E-10 0.1 58
22 |1-FLI-AB_D78_FP 3.6E-07 6.7E-04 2.4E-10 0.0 24
23 |1-FLI-AB_A20_FP 2.3E-05 8.5E-06 1.9E-10 0.0 51
Total: 5.1E-03 7.9E-07 8728

4.2.

*CCDP - conditional core damage probability

Internal Flooding Accident Sequences

The significant internal flooding accident sequences are shown in Table 4.2. The significant
accident sequences are those sequences whose summed CDF contributes more than 95

percent of the total internal flooding CDF and all sequences that individually contribute more
than 1 percent to total internal flooding CDF. The top 10 sequences, each contributing more
than 5 percent of the total internal flooding CDF, are described below.

1.

1-FLI-AB_C113_LF1: 1-10-1 Flood occurs in auxiliary building resulting in unavailability of
train A NSCW, as described in 3.2.4 of this report. The reactor is tripped. Offsite power is
lost due to consequential failures related to the plant transient. Subsequent failures or
maintenance unavailabilities result in loss of emergency power train B (train A is lost due to
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unavailability of NSCW). The loss of all AC power sources renders the AFW system and
feed and bleed unavailable for providing core cooling (the TDAFWP is assumed to fail after
battery depletion). The sequence frequency is 7.8x10° per reactor-critical-year, contributing
approximately 9.9 percent to the internal flooding CDF.

1-FLI-AB_C113_LF1: 1-11-08-1 Flood occurs in auxiliary building resulting in unavailability
of train A NSCW, as described in 3.2.4 of this report. The reactor is tripped. Equipment and
human failures contribute to the failure of all RCP seal injection and cooling. The RCP seals
fail resulting in a small LOCA. High-pressure and low-pressure injection with train A
emergency core cooling system (ECCS) pumps are unavailable due to the dependency on
train A NSCW. Subsequent failures of train B electrical distribution equipment or train B
NSCW result in unavailability of high-pressure and low-pressure injection with train B ECCS
pumps. The sequence frequency is 7.7x108 per reactor-critical-year, contributing
approximately 9.8 percent to the internal flooding CDF.

1-FLI-AB_C120_LF1: 1-10-1 Flood occurs in auxiliary building resulting in unavailability of
train A NSCW, as described in 3.2.16 of this report. The reactor is tripped. Offsite power is
lost due to consequential failures related to the plant transient. Subsequent failures or
maintenance unavailabilities result in loss of emergency power train B (train A is lost due to
unavailability of NSCW). The loss of all AC power sources renders the AFW system and
feed and bleed unavailable for providing core cooling (the TDAFWP is assumed to fail after
battery depletion). The sequence frequency is 6.8x10° per reactor-critical-year, contributing
approximately 8.6 percent to the internal flooding CDF.

1-FLI-AB_C120_LF1: 1-11-08-1 Flood occurs in auxiliary building resulting in unavailability
of train A NSCW, as described in 3.2.16 of this report. The reactor is tripped. Equipment and
human failures contribute to the failure of all RCP seal injection and cooling. The RCP seals
fail resulting in a small LOCA. High-pressure and low-pressure injection with train A ECCS
pumps are unavailable due to the dependency on train A NSCW. Subsequent failures of
train B electrical distribution equipment or train B NSCW result in unavailability of high-
pressure and low-pressure injection with train B ECCS pumps. The sequence frequency is
6.2x10°® per reactor-critical-year, contributing approximately 7.9 percent to the internal
flooding CDF.

1-FLI-AB_C115_LF1: 1-10-1 Flood occurs in auxiliary building resulting in unavailability of
train A NSCW, as described in Section 3.2.14 of this report. The reactor is tripped. Offsite
power is lost due to consequential failures related to the plant transient. Subsequent failures
or maintenance unavailabilities result in loss of emergency power train B (train A is lost due
to unavailability of NSCW). The loss of all AC power sources renders the AFW system and
feed and bleed unavailable for providing core cooling (the TDAFWP is assumed to fail after
battery depletion). The sequence frequency is 4.6x10° per reactor-critical-year, contributing
approximately 5.9 percent to the internal flooding CDF.

1-FLI-AB_C115_LF1: 1-11-08-1 Flood occurs in auxiliary building resulting in unavailability
of train A NSCW, as described in Section 3.2.14 of this report. The reactor is tripped.
Equipment and human failures contribute to the failure of all RCP seal injection and cooling.
The RCP seals fail resulting in a small LOCA. High-pressure and low-pressure injection with
train A ECCS pumps are unavailable due to the dependency on train A NSCW. Subsequent
failures of train B electrical distribution equipment or train B NSCW result in unavailability of
high-pressure and low-pressure injection with train B ECCS pumps. The sequence
frequency is 4.6x10® per reactor-critical-year, contributing approximately 5.8 percent to the
internal flooding CDF.
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7.

10.

1-FLI-AB_108_SP1: 1-11-08-1 Flood occurs in the south main steam valve room resulting
in a failed open ARV on SG1, as described in Section 3.2.1 of this report. The impact of the
failed ARV results in a secondary-side break upstream of the MSIV. Equipment and human
failures contribute to the failure of all RCP seal injection and cooling. The RCP seals fail
resulting in a small LOCA. Combinations of failures result in unavailability of high-pressure
and low-pressure injection. The predominant equipment failures are related to the safety
injection sequencer, NSCW, and electrical distribution equipment. The sequence frequency
is 4.2x10°® per reactor-critical-year, contributing approximately 5.3 percent to the internal
flooding CDF.

1-FLI-AB_108_SP2: 1-11-08-1 Flood occurs in the south main steam valve room resulting
in a failed open ARV on SG4, as described in Section 3.2.2 of this report. The impact of the
failed ARV results in a secondary-side break upstream of the MSIV. Equipment and human
failures contribute to the failure of all RCP seal injection and cooling. The RCP seals fail
resulting in a small LOCA. Combinations of failures result in unavailability of high-pressure
and low-pressure injection. The predominant equipment failures are related to the safety
injection sequencer, NSCW, and electrical distribution equipment. The sequence frequency
is 4.2x10°® per reactor-critical-year, contributing approximately 5.3 percent to the internal
flooding CDF.

1-FLI-CB_123_SP: 1-11-08-1 Flood occurs in the north main steam valve room resulting in
a failed open ARV on SG2, as described in Section 3.2.6 of this report. The impact of the
failed ARV results in a secondary-side break upstream of the MSIV. Equipment and human
failures contribute to the failure of all RCP seal injection and cooling. The RCP seals fail
resulting in a small LOCA. Combinations of failures result in unavailability of high-pressure
and low-pressure injection. The predominant equipment failures are related to the safety
injection sequencer, NSCW, and electrical distribution equipment. The sequence frequency
is 4.1x10® per reactor-critical-year, contributing approximately 5.2 percent to the internal
flooding CDF.

1-FLI-CB_122_SP: 1-11-08-1 Flood occurs in the north main steam valve room resulting in
a failed open ARV on SG3, as described in Section 3.2.5 of this report. The impact of the
failed ARV results in a secondary-side break upstream of the MSIV. Equipment and human
failures contribute to the failure of all RCP seal injection and cooling. The RCP seals fail
resulting in a small LOCA. Combinations of failures result in unavailability of high-pressure
and low-pressure injection. The predominant equipment failures are related to the safety
injection sequencer, NSCW, and electrical distribution equipment. The sequence frequency
is 4.1x10°® per reactor-critical-year, contributing approximately 5.2 percent to the internal
flooding CDF.

Table 4.2 Significant Internal Flooding Accident Sequences

Sequence % of Cumulative ] Cut Set

Scenario Name Number COFiry I cpF | %ofcDF | Count

1-FLI-AB_C113_LF1 1-10-1 7.8E-08 9.9 9.9 177

1-FLI-AB_C113_LF1 1-11-08-1 7.7E-08 9.8 19.6 150

1-FLI-AB_C120_LF 1-10-1 6.8E-08 8.6 28.2 181
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Table 4.2 Significant Internal Flooding Accident Sequences

Scenario Name Nomber | 0Py | cor | “orcor | Count

4 |1-FLI-AB_C120_LF 1-11-08-1 6.2E-08 7.9 36.1 146
5 |1-FLI-AB_C115_LF 1-10-1 4.6E-08 5.9 41.9 153
6 | 1-FLI-AB_C115_LF 1-11-08-1 4.6E-08 5.8 47.7 136
7 | 1-FLI-AB_108_SP1 1-11-08-1 4.2E-08 5.3 53.0 303
8 | 1-FLI-AB_108_SP2 1-11-08-1 4.2E-08 5.3 58.3 303
9 |1-FLI-CB_123_SP 1-11-08-1 4.1E-08 5.2 63.5 292
10 | 1-FLI-CB_122_SP 1-11-08-1 4.1E-08 5.2 68.8 292
11 | 1-FLI-CB_123_SP 1-15-1 3.6E-08 4.5 73.3 105
12 | 1-FLI-CB_122_SP 1-15-1 3.6E-08 4.5 77.8 105
13 | 1-FLI-CB_122_SP 1-21-1 1.3E-08 1.7 79.5 525
14 | 1-FLI-CB_123_SP 1-21-1 1.3E-08 1.7 81.1 525
15 |1-FLI-TB_500_LF 1-10-1 1.0E-08 1.3 82.4 401
16 | 1-FLI-CB_A60 1-11-08-1 7.6E-09 1.0 83.4 104
17 | 1-FLI-AB_108_SP2 1-21-1 7.2E-09 0.9 84.3 309
18 | 1-FLI-AB_108_SP1 1-21-1 7.2E-09 0.9 85.2 309
19 | 1-FLI-CB_A60 1-15-1 6.6E-09 0.8 86.1 51

20 | 1-FLI-AB_108_SP1 1-04-1 6.6E-09 0.8 86.9 111
21 | 1-FLI-AB_108_SP2 1-04-1 6.6E-09 0.8 87.7 105
22 | 1-FLI-CB_A48 2-10-1 5.7E-09 0.7 88.4 43
23 | 1-FLI-CB_123_SP 1-04-1 4.9E-09 0.6 89.1 69
24 | 1-FLI-CB_122_SP 1-04-1 4.9E-09 0.6 89.7 66
25 | 1-FLI-CB_A48 2-04-1 4.6E-09 0.6 90.3 142
26 | 1-FLI-DGB_101_LF 1-10-1 4.5E-09 0.6 90.8 41

27 | 1-FLI-CB_122_SP 1-14-1 4.0E-09 0.5 91.3 175
28 | 1-FLI-CB_123_SP 1-14-1 4.0E-09 0.5 91.8 175
29 | 1-FLI-AB_D74_FP 1-10-1 3.0E-09 0.4 92.2 41

30 | 1-FLI-TB_500_LF-CDS 1-10-1 2.9E-09 0.4 92.6 157
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Table 4.2 Significant Internal Flooding Accident Sequences

Scenario Name Nomber | 0Py | cor | “orcor | Count
31 | 1-FLI-AB_C118_LF 1-11-08-1 2.9E-09 0.4 92.9 34
32 | 1-FLI-TB_500_LF 1-04-1 2.8E-09 0.4 93.3 86
33 | 1-FLI-CB_A48 2-07-1 2.7E-09 0.3 93.6 16
34 | 1-FLI-AB_BO08_LF 1-10-1 2.6E-09 0.3 94.0 39
35 | 1-FLI-AB_BO08_LF 1-11-08-1 2.6E-09 0.3 94.3 33
36 | 1-FLI-AB_C118_LF 1-10-1 2.6E-09 0.3 94.6 41
37 | 1-FLI-DGB_103_LF 1-10-1 2.6E-09 0.3 95.0 44
38 | 1-FLI-AB_D74_FP 1-11-10-1 2.6E-09 0.3 95.3 22

The significant sequence results identify the types of failures that are significant to the overall
plant risk from internal flooding. The consequential loss of offsite power contributes to several
significant sequences, including the top contributing sequence. Failures related to emergency
power systems are significant contributors to these sequences. It should be noted that the
modeling assumptions for these sequences may be over-estimating the actual risk. Many of
these sequences involved a break in the NSCW system, and the model assumed a reactor trip
occurs. An automatic reactor trip is not likely to occur, but the plant would be required to
shutdown if the technical specification requirements are not met. The likelihood of a
consequential loss of offsite power may be lower for this case compared to an unanticipated
plant trip.

Seven of the top ten flooding sequences involve failures subsequent to the plant transient that
result in loss of RCP seal cooling, leading to a small LOCA. Additional failures leading to
unavailability of high-pressure and low-pressure injection result in core damage. Not reflected in
this model are the improved passive shutdown RCP seals. The new seals are expected to
reduce the likelihood of an RCP seal LOCA, which, in turn, would reduce the core damage
frequency for these sequences.

Failures of the safety injection sequencer, NSCW, and electrical distribution equipment
dominate the results due to common functional dependencies on these systems. For all
significant sequences the flood-related impacts contribute directly to the failure or loss of
redundancy for the functions required to prevent core damage. Some of the significant flood-
related impacts include failures that result in unavailability of an NSCW train, unavailability of
secondary-side cooling using the steam generators, and loss of an AC power support system.

The internal flooding event trees are structured to directly transfer to the relevant accident
sequences of the internal events model. All credible equipment failures that were considered in
the internal events model were also considered possible to occur coincident with the flooding
events. Accordingly, the internal flooding cut set results include many of the same failures that
were important to the internal events risk. The basic events important to the plant core damage
risk from internal flooding and their importance measures are presented in Appendix B,

Table B-2.
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4.3. Internal Flooding Cut Set Results

The top 100 highest contributing cut sets are displayed in Table 4.3. The top 100 cut sets
account for 75 percent of the total internal flooding CDF. The significant internal flooding cut
sets include all those whose summed CDF contributes more than 95 percent of the total internal
flooding CDF and all cut sets that individually contribute more than one percent to total internal
flooding CDF. Per this definition, there are 996 significant internal flooding cut sets. All of these
cut sets are included in Appendix B: Internal Flooding PRA Significant Cut Sets and Basic
Event Importance of this report.

In accordance with ASME/ANS PRA Standard (IF- 7) requirement QU-D1, a sampling of the
significant cut sets were reviewed to ensure they were reasonable and represented realistic
accident sequences. In accordance with ASME/ANS PRA Standard (IE- 7) requirement QU-D5,
a sampling of non-significant cut sets were also reviewed to ensure that they also represented
reasonable and realistic accident sequences.

Table 4.3 Internal Flooding Top 100 Cut Set Results

Cut |Frequency % of CDF | Basic Event Name Basic Event Description
Set # | probability
1 3.914E-8 6.65
2.240E-4 1-1E-FLI-AB_C113_LF1 Internal flooding in AB C113
3.297E-2 1-EPS-DGN-FR-G4002__ | DG1B fails to run by random cause (24 hr
mission)
5.300E-3 1-OEP-VCF-LP-CLOPT Consequential loss of offsite power -
transient
2 3.145E-8 5.34
1.800E-4 1-IE-FLI-AB_C120_LF Internal flooding in AB C120 due to
NSCW pipe failure
3.297E-2 1-EPS-DGN-FR-G4002__ | DG1B fails to run by random cause (24 hr
mission)
5.300E-3 1-OEP-VCF-LP-CLOPT Consequential loss of offsite power -
transient
3 2.324E-8 3.95
1.330E-4 1-IE-FLI-AB_C115_LF Internal flooding in AB C115 due to
NSCW pipe failure
3.297E-2 1-EPS-DGN-FR-G4002__ | DG1B fails to run by random cause (24 hr
mission)
5.300E-3 1-OEP-VCF-LP-CLOPT Consequential loss of offsite power -
transient
4 1.974E-8 3.35
2.800E-4 1-IE-FLI-AB_108_SP2 Internal flooding in AB 108
2.148E-4 1-EPS-SEQ-CF-FOAB Sequencers fail from common cause to
operate
1.000E+0 1-OA-NSCWFAN---H Operator fails to start NSCW fan
manually (place holder )
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Table 4.3 Internal Flooding Top 100 Cut Set Results

Cut |Frequency % of CDF | Basic Event Name Basic Event Description
Set# | probability
9.947E-1 /1-OEP-VCF-LP-CLOPT Consequential loss of offsite power -
transient
3.300E-1 1-RCS-XHE-XM-TRIP Operator fails to trip RCPs
5 1.974E-8 3.35
2.800E-4 1-1E-FLI-AB_108_SP1 Internal flooding in AB 108
2.148E-4 1-EPS-SEQ-CF-FOAB Sequencers fail from common cause to
operate
1.000E+0 1-OA-NSCWFAN---H Operator fails to start NSCW fan
manually (place holder )
9.947E-1 /1-OEP-VCF-LP-CLOPT Consequential loss of offsite power -
transient
3.300E-1 1-RCS-XHE-XM-TRIP Operator fails to trip RCPs
6 1.960E-8 3.33
2.780E-4 1-IE-FLI-CB_123_SP Internal flooding in CB 123
2.148E-4 1-EPS-SEQ-CF-FOAB Sequencers fail from common cause to
operate
1.000E+0 1-OA-NSCWFAN---H Operator fails to start NSCW fan
manually (place holder )
9.947E-1 /1-OEP-VCF-LP-CLOPT Consequential loss of offsite power -
transient
3.300E-1 1-RCS-XHE-XM-TRIP Operator fails to trip RCPs
7 1.960E-8 3.33
2.780E-4 1-IE-FLI-CB_122_SP Internal flooding in CB 122
2.148E-4 1-EPS-SEQ-CF-FOAB Sequencers fail from common cause to
operate
1.000E+0 1-OA-NSCWFAN---H Operator fails to start NSCW fan
manually (place holder )
9.947E-1 /1-OEP-VCF-LP-CLOPT Consequential loss of offsite power -
transient
3.300E-1 1-RCS-XHE-XM-TRIP Operator fails to trip RCPs
8 1.595E-8 2.71
2.780E-4 1-IE-FLI-CB_123_SP Internal flooding in CB 123
3.297E-2 1-EPS-DGN-FR-G4001____ | DG1A fails to run by random cause (24 hr
mission)
5.800E-2 1-OAB_TR------- H Operator fails to feed and bleed -
transient
3.000E-2 1-OEP-VCF-LP-CLOPL Consequential loss of offsite power -
LOCA
9 1.595E-8 2.71
2.780E-4 1-IE-FLI-CB_122_SP Internal flooding in CB 122
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Table 4.3 Internal Flooding Top 100 Cut Set Results

Cut |Frequency % of CDF | Basic Event Name Basic Event Description
Set# | probability
3.297E-2 1-EPS-DGN-FR-G4001____ | DG1A fails to run by random cause (24 hr
mission)
5.800E-2 1-OAB_TR------- H Operator fails to feed and bleed -
transient
3.000E-2 1-OEP-VCF-LP-CLOPL Consequential loss of offsite power -
LOCA
10 1.581E-8 2.68
2.240E-4 1-IE-FLI-AB_C113_LF1 Internal flooding in AB C113
2.150E-4 1-ACP-BAC-MA-BAO3 4.16KV bus 1BAO3 in maintenance
9.947E-1 /1-OEP-VCF-LP-CLOPT Consequential loss of offsite power -
transient
3.300E-1 1-RCS-XHE-XM-TRIP Operator fails to trip RCPs
11 1.581E-8 2.68
2.240E-4 1-IE-FLI-AB_C113_LF1 Internal flooding in AB C113
2.150E-4 1-ACP-BAC-MA-BB16 480V switchgear 1BB16 in maintenance
9.947E-1 /1-OEP-VCF-LP-CLOPT Consequential loss of offsite power -
transient
3.300E-1 1-RCS-XHE-XM-TRIP Operator fails to trip RCPs
12 1.496E-8 2.54
2.240E-4 1-1E-FLI-AB_C113_LF1 Internal flooding in AB C113
1.260E-2 1-EPS-DGN-MA-G4002___ | DG1B in maintenance
5.300E-3 1-OEP-VCF-LP-CLOPT Consequential loss of offsite power -
transient
13 1.270E-8 2.16
1.800E-4 1-IE-FLI-AB_C120_LF Internal flooding in AB C120 due to
NSCW pipe failure
2.150E-4 1-ACP-BAC-MA-BAO3 4.16KV bus 1BAO3 in maintenance
9.947E-1 /1-OEP-VCF-LP-CLOPT Consequential loss of offsite power -
transient
3.300E-1 1-RCS-XHE-XM-TRIP Operator fails to trip RCPs
14 1.270E-8 2.16
1.800E-4 1-IE-FLI-AB_C120_LF Internal flooding in AB C120 due to
NSCW pipe failure
2.150E-4 1-ACP-BAC-MA-BB16 480V switchgear 1BB16 in maintenance
9.947E-1 /1-OEP-VCF-LP-CLOPT Consequential loss of offsite power -
transient
3.300E-1 1-RCS-XHE-XM-TRIP Operator fails to trip RCPs
15 1.203E-8 2.04
2.800E-4 1-1E-FLI-AB_108_SP1 Internal flooding in AB 108
2.148E-4 1-EPS-SEQ-CF-FOAB Sequencers fail from common cause to
operate
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Table 4.3 Internal Flooding Top 100 Cut Set Results

Cut |Frequency % of CDF | Basic Event Name Basic Event Description
Set# | probability
1.000E+0 1-OA-NSCWFAN---H Operator fails to start NSCW fan
manually (place holder)
2.000E-1 1-RCS-MDP-LK-BP2 RCP seal stage 2 integrity
(binding/popping open) fails
16 1.203E-8 2.04
2.800E-4 1-IE-FLI-AB_108_SP2 Internal flooding in AB 108
2.148E-4 1-EPS-SEQ-CF-FOAB Sequencers fail from common cause to
operate
1.000E+0 1-OA-NSCWFAN---H Operator fails to start NSCW fan
manually (place holder)
2.000E-1 1-RCS-MDP-LK-BP2 RCP seal stage 2 integrity
(binding/popping open) fails
17 1.202E-8 2.04
1.800E-4 1-IE-FLI-AB_C120_LF Internal flooding in AB C120 due to
NSCW pipe failure
1.260E-2 1-EPS-DGN-MA-G4002___ | DG1B in maintenance
5.300E-3 1-OEP-VCF-LP-CLOPT Consequential loss of offsite power -
transient
18 1.194E-8 2.03
2.780E-4 1-IE-FLI-CB_122_SP Internal flooding in CB 122
2.148E-4 1-EPS-SEQ-CF-FOAB Sequencers fail from common cause to
operate
1.000E+0 1-OA-NSCWFAN---H Operator fails to start NSCW fan
manually (place holder)
2.000E-1 1-RCS-MDP-LK-BP2 RCP seal stage 2 integrity
(binding/popping open) fails
19 1.194E-8 2.03
2.780E-4 1-IE-FLI-CB_123_SP Internal flooding in CB 123
2.148E-4 1-EPS-SEQ-CF-FOAB Sequencers fail from common cause to
operate
1.000E+0 1-OA-NSCWFAN---H Operator fails to start NSCW fan
manually (place holder)
2.000E-1 1-RCS-MDP-LK-BP2 RCP seal stage 2 integrity
(binding/popping open) fails
20 9.632E-9 1.64
2.240E-4 1-1E-FLI-AB_C113_LF1 Internal flooding in AB C113
2.150E-4 1-ACP-BAC-MA-BAO3 4.16KV bus 1BAO3 in maintenance
2.000E-1 1-RCS-MDP-LK-BP2 RCP seal stage 2 integrity
(binding/popping open) fails
21 9.632E-9 1.64
2.240E-4 1-IE-FLI-AB_C113_LF1 Internal flooding in AB C113
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Table 4.3 Internal Flooding Top 100 Cut Set Results

Cut |Frequency % of CDF | Basic Event Name Basic Event Description
Set# | probability
2.150E-4 1-ACP-BAC-MA-BB16 480V switchgear 1BB16 in maintenance
2.000E-1 1-RCS-MDP-LK-BP2 RCP seal stage 2 integrity
(binding/popping open) fails
22 9.386E-9 1.59
1.330E-4 1-IE-FLI-AB_C115_LF Internal flooding in AB C115 due to
NSCW pipe failure
2.150E-4 1-ACP-BAC-MA-BAO3 416KV bus 1BA03 in maintenance
9.947E-1 /1-OEP-VCF-LP-CLOPT Consequential loss of offsite power -
transient
3.300E-1 1-RCS-XHE-XM-TRIP Operator fails to trip RCPs
23 9.386E-9 1.59
1.330E-4 1-IE-FLI-AB_C115_LF Internal flooding in AB C115 due to
NSCW pipe failure
2.150E-4 1-ACP-BAC-MA-BB16 480V switchgear 1BB16 in maintenance
9.947E-1 /1-OEP-VCF-LP-CLOPT Consequential loss of offsite power -
transient
3.300E-1 1-RCS-XHE-XM-TRIP Operator fails to trip RCPs
24 8.882E-9 1.51
1.330E-4 1-IE-FLI-AB_C115_LF Internal flooding in AB C115 due to
NSCW pipe failure
1.260E-2 1-EPS-DGN-MA-G4002___ | DG1B in maintenance
5.300E-3 1-OEP-VCF-LP-CLOPT Consequential loss of offsite power -
transient
25 7.740E-9 1.31
1.800E-4 1-IE-FLI-AB_C120_LF Internal flooding in AB C120 due to
NSCW pipe failure
2.150E-4 1-ACP-BAC-MA-BAO3 4.16KV bus 1BAO3 in maintenance
2.000E-1 1-RCS-MDP-LK-BP2 RCP seal stage 2 integrity
(binding/popping open) fails
26 7.740E-9 1.31
1.800E-4 1-IE-FLI-AB_C120_LF Internal flooding in AB C120 due to
NSCW pipe failure
2.150E-4 1-ACP-BAC-MA-BB16 480V switchgear 1BB16 in maintenance
2.000E-1 1-RCS-MDP-LK-BP2 RCP seal stage 2 integrity
(binding/popping open) fails
27 6.352E-9 1.08
2.240E-4 1-IE-FLI-AB_C113_LF1 Internal flooding in AB C113
5.350E-3 1-ACP-CRB-CC-BA0301__ | RAT B supply CRB randomly fails to
open
5.300E-3 1-OEP-VCF-LP-CLOPT Consequential loss of offsite power -

transient
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Table 4.3 Internal Flooding Top 100 Cut Set Results

Cut |Frequency % of CDF | Basic Event Name Basic Event Description
Set# | probability
28 6.095E-9 1.03
2.780E-4 1-IE-FLI-CB_123_SP Internal flooding in CB 123
1.260E-2 1-EPS-DGN-MA-G4001___ | DG1A in maintenance
5.800E-2 1-OAB_TR------- H Operator fails to feed and bleed -
transient
3.000E-2 1-OEP-VCF-LP-CLOPL Consequential loss of offsite power -
LOCA
29 6.095E-9 1.03
2.780E-4 1-IE-FLI-CB_122_SP Internal flooding in CB 122
1.260E-2 1-EPS-DGN-MA-G4001___ | DG1A in maintenance
5.800E-2 1-OAB_TR------- H Operator fails to feed and bleed -
transient
3.000E-2 1-OEP-VCF-LP-CLOPL Consequential loss of offsite power -
LOCA
30 5.719E-9 0.97
1.330E-4 1-IE-FLI-AB_C115_LF Internal flooding in AB C115 due to
NSCW pipe failure
2.150E-4 1-ACP-BAC-MA-BAO3 4.16KV bus 1BAO3 in maintenance
2.000E-1 1-RCS-MDP-LK-BP2 RCP seal stage 2 integrity
(binding/popping open) fails
31 5.719E-9 0.97
1.330E-4 1-IE-FLI-AB_C115_LF Internal flooding in AB C115 due to
NSCW pipe failure
2.150E-4 1-ACP-BAC-MA-BB16 480V switchgear 1BB16 in maintenance
2.000E-1 1-RCS-MDP-LK-BP2 RCP seal stage 2 integrity
(binding/popping open) fails
32 5.104E-9 0.87
1.800E-4 1-IE-FLI-AB_C120_LF Internal flooding in AB C120 due to
NSCW pipe failure
5.350E-3 1-ACP-CRB-CC-BA0301__ | RAT B supply CRB randomly fails to
open
5.300E-3 1-OEP-VCF-LP-CLOPT Consequential loss of offsite power -
transient
33 4.005E-9 0.68
2.160E-3 1-1E-FLI-TB_500_LF Internal flooding in TB Fire Zone 500
3.498E-4 1-ACP-CRB-CF-A205301 | CCF of switchyard AC breakers AA205 &
BA301 to open
5.300E-3 1-OEP-VCF-LP-CLOPT Consequential loss of offsite power -
transient
34 3.953E-9 0.67
2.240E-4 1-IE-FLI-AB_C113_LF1 Internal flooding in AB C113
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Table 4.3 Internal Flooding Top 100 Cut Set Results

Cut |Frequency % of CDF | Basic Event Name Basic Event Description
Set# | probability
3.330E-3 1-EPS-SEQ-FO-1821U302 | Sequencer B fails to operate
5.300E-3 1-OEP-VCF-LP-CLOPT Consequential loss of offsite power -
transient
35 3.771E-9 0.64
1.330E-4 1-IE-FLI-AB_C115_LF Internal flooding in AB C115 due to
NSCW pipe failure
5.350E-3 1-ACP-CRB-CC-BA0301__ | RAT B supply CRB randomly fails to
open
5.300E-3 1-OEP-VCF-LP-CLOPT Consequential loss of offsite power -
transient
36 3.659E-9 0.62
5.190E-5 1-IE-FLI-CB_A60 Internal flooding in CB A60
2.148E-4 1-EPS-SEQ-CF-FOAB Sequencers fail from common cause to
operate
1.000E+0 1-OA-NSCWFAN---H Operator fails to start NSCW fan
manually (place holder)
9.947E-1 /1-OEP-VCF-LP-CLOPT Consequential loss of offsite power -
transient
3.300E-1 1-RCS-XHE-XM-TRIP Operator fails to trip RCPs
37 3.512E-9 0.60
2.240E-4 1-1E-FLI-AB_C113_LF1 Internal flooding in AB C113
4.776E-5 1-ACP-BAC-FC-BA03___ | 4.16KV bus 1BAO3 fails
9.947E-1 /1-OEP-VCF-LP-CLOPT Consequential loss of offsite power -
transient
3.300E-1 1-RCS-XHE-XM-TRIP Operator fails to trip RCPs
38 3.512E-9 0.60
2.240E-4 1-IE-FLI-AB_C113_LF1 Internal flooding in AB C113
4.776E-5 1-ACP-BAC-FC-BB16___ | 480V switchgear 1BB16 randomly fails
9.947E-1 /1-OEP-VCF-LP-CLOPT Consequential loss of offsite power -
transient
3.300E-1 1-RCS-XHE-XM-TRIP Operator fails to trip RCPs
39 3.490E-9 0.59
2.240E-4 1-IE-FLI-AB_C113_LF1 Internal flooding in AB C113
2.940E-3 1-EPS-DGN-FS-G4002___ | DG1B fails to start by random cause
5.300E-3 1-OEP-VCF-LP-CLOPT Consequential loss of offsite power -
transient
40 3.467E-9 0.59
2.780E-4 1-IE-FLI-CB_122_SP Internal flooding in CB 122
2.150E-4 1-ACP-BAC-MA-AA02__ | Bus 1AA02 in maintenance
5.800E-2 1-OAB_TR------- H Operator fails to feed and bleed -

transient
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Table 4.3 Internal Flooding Top 100 Cut Set Results

Cut |Frequency % of CDF | Basic Event Name Basic Event Description
Set# | probability
41 3.467E-9 0.59
2.780E-4 1-IE-FLI-CB_123_SP Internal flooding in CB 123
2.150E-4 1-ACP-BAC-MA-AA02 Bus 1AA02 in maintenance
5.800E-2 1-OAB_TR------- H Operator fails to feed and bleed -
transient
42 3.229E-9 0.55
2.240E-4 1-1E-FLI-AB_C113_LF1 Internal flooding in AB C113
2.720E-3 1-DCP-BAT-MA-BD1B Battery 1BD1B in maintenance
5.300E-3 1-OEP-VCF-LP-CLOPT Consequential loss of offsite power -
transient
43 3.177E-9 0.54
1.800E-4 1-IE-FLI-AB_C120_LF Internal flooding in AB C120 due to
NSCW pipe failure
3.330E-3 1-EPS-SEQ-FO-1821U302 | Sequencer B fails to operate
5.300E-3 1-OEP-VCF-LP-CLOPT Consequential loss of offsite power -
transient
44 3.000E-9 0.51
2.240E-4 1-1E-FLI-AB_C113_LF1 Internal flooding in AB C113
9.947E-1 /1-OEP-VCF-LP-CLOPT Consequential loss of offsite power -
transient
3.300E-1 1-RCS-XHE-XM-TRIP Operator fails to trip RCPs
4.080E-5 1-SWS-CTF-MA-_B_1234_ | All 4 NSCW train B tower fans
unavailable due to maintenance
45 2.977E-9 0.51
5.190E-5 1-IE-FLI-CB_A60 Internal flooding in CB A60
3.297E-2 1-EPS-DGN-FR-G4001____ | DG1A fails to run by random cause (24 hr
mission)
5.800E-2 1-OAB_TR------- H Operator fails to feed and bleed -
transient
3.000E-2 1-OEP-VCF-LP-CLOPL Consequential loss of offsite power -
LOCA
46 2.939E-9 0.50
2.800E-4 1-1E-FLI-AB_108_SP1 Internal flooding in AB 108
3.498E-4 1-ACP-CRB-CF-A205301 CCF of switchyard AC breakers AA205 &
BA301 to open
3.000E-2 1-OEP-VCF-LP-CLOPL Consequential loss of offsite power -
LOCA
47 2.939E-9 0.50
2.800E-4 1-IE-FLI-AB_108_SP2 Internal flooding in AB 108
3.498E-4 1-ACP-CRB-CF-A205301 CCF of switchyard AC breakers AA205 &

BA301 to open

48




Table 4.3 Internal Flooding Top 100 Cut Set Results

Cut |Frequency % of CDF | Basic Event Name Basic Event Description
Set# | probability
3.000E-2 1-OEP-VCF-LP-CLOPL Consequential loss of offsite power -
LOCA
48 2.918E-9 0.50
2.780E-4 1-IE-FLI-CB_122_SP Internal flooding in CB 122
3.498E-4 1-ACP-CRB-CF-A205301 CCF of switchyard AC breakers AA205 &
BA301 to open
3.000E-2 1-OEP-VCF-LP-CLOPL Consequential loss of offsite power -
LOCA
49 2.918E-9 0.50
2.780E-4 1-IE-FLI-CB_123_SP Internal flooding in CB 123
3.498E-4 1-ACP-CRB-CF-A205301 | CCF of switchyard AC breakers AA205 &
BA301 to open
3.000E-2 1-OEP-VCF-LP-CLOPL Consequential loss of offsite power -
LOCA
50 2.862E-9 0.49
1.800E-4 1-IE-FLI-AB_C120_LF Internal flooding in AB C120 due to
NSCW pipe failure
3.000E-3 1-AFW-MDP-MA- MDAFWP B unavailable due to test and
P4002__ maintenance
5.300E-3 1-OEP-VCF-LP-CLOPT Consequential loss of offsite power -
transient
51 2.822E-9 0.48
1.800E-4 1-IE-FLI-AB_C120_LF Internal flooding in AB C120 due to
NSCW pipe failure
4.776E-5 1-ACP-BAC-FC-BAO03 4.16KV bus 1BAO3 fails
9.947E-1 /1-OEP-VCF-LP-CLOPT Consequential loss of offsite power -
transient
3.300E-1 1-RCS-XHE-XM-TRIP Operator fails to trip RCPs
52 2.822E-9 0.48
1.800E-4 1-IE-FLI-AB_C120_LF Internal flooding in AB C120 due to
NSCW pipe failure
4. 776E-5 1-ACP-BAC-FC-BB16 480V switchgear 1BB16 randomly fails
9.947E-1 /1-OEP-VCF-LP-CLOPT Consequential loss of offsite power -
transient
3.300E-1 1-RCS-XHE-XM-TRIP Operator fails to trip RCPs
53 2.805E-9 0.48
1.800E-4 1-IE-FLI-AB_C120_LF Internal flooding in AB C120 due to
NSCW pipe failure
2.940E-3 1-EPS-DGN-FS-G4002___ | DG1B fails to start by random cause
5.300E-3 1-OEP-VCF-LP-CLOPT Consequential loss of offsite power -

transient
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Table 4.3 Internal Flooding Top 100 Cut Set Results

Cut |Frequency % of CDF | Basic Event Name Basic Event Description
Set# | probability
54 2.699E-9 0.46
2.240E-4 1-IE-FLI-AB_C113_LF1 Internal flooding in AB C113
9.040E-1 1-NSCWCT-SPRAY NSCW CTS in spray mode (fraction of
time)
9.947E-1 /1-OEP-VCF-LP-CLOPT Consequential loss of offsite power -
transient
3.300E-1 1-RCS-XHE-XM-TRIP Operator fails to trip RCPs
4.060E-5 1-SWS-MOV-MA- NSCW train B spray valve closed for CT
1669ACT _ maintenance
55 2.595E-9 0.44
1.800E-4 1-IE-FLI-AB_C120_LF Internal flooding in AB C120 due to
NSCW pipe failure
2.720E-3 1-DCP-BAT-MA-BD1B Battery 1BD1B in maintenance
5.300E-3 1-OEP-VCF-LP-CLOPT Consequential loss of offsite power -
transient
56 2.588E-9 0.44
2.780E-4 1-IE-FLI-CB_123_SP Internal flooding in CB 123
5.350E-3 1-ACP-CRB-CC-AA0205__ | RAT A supply CRB randomly fails to
open
5.800E-2 1-OAB_TR------- H Operator fails to feed and bleed -
transient
3.000E-2 1-OEP-VCF-LP-CLOPL Consequential loss of offsite power -
LOCA
57 2.588E-9 0.44
2.780E-4 1-IE-FLI-CB_122_SP Internal flooding in CB 122
5.350E-3 1-ACP-CRB-CC-AA0205 | RAT A supply CRB randomly fails to
open
5.800E-2 1-OAB_TR------- H Operator fails to feed and bleed -
transient
3.000E-2 1-OEP-VCF-LP-CLOPL Consequential loss of offsite power -
LOCA
58 2.459E-9 0.42
2.160E-3 1-IE-FLI-TB_500_LF Internal flooding in TB Fire Zone 500
2.148E-4 1-EPS-SEQ-CF-FOAB Sequencers fail from common cause to
operate
5.300E-3 1-OEP-VCF-LP-CLOPT Consequential loss of offsite power -
transient
59 2.411E-9 0.41
1.800E-4 1-IE-FLI-AB_C120_LF Internal flooding in AB C120 due to
NSCW pipe failure
9.947E-1 /1-OEP-VCF-LP-CLOPT Consequential loss of offsite power -

transient
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Table 4.3 Internal Flooding Top 100 Cut Set Results

Cut |Frequency % of CDF | Basic Event Name Basic Event Description
Set# | probability
3.300E-1 1-RCS-XHE-XM-TRIP Operator fails to trip RCPs
4.080E-5 1-SWS-CTF-MA-_B_1234_ | All 4 NSCW train B tower fans
unavailable due to maintenance
60 2.347E-9 0.40
1.330E-4 1-IE-FLI-AB_C115_LF Internal flooding in AB C115 due to
NSCW pipe failure
3.330E-3 1-EPS-SEQ-FO-1821U302 | Sequencer B fails to operate
5.300E-3 1-OEP-VCF-LP-CLOPT Consequential loss of offsite power -
transient
61 2.229E-9 0.38
5.190E-5 1-1E-FLI-CB_A60 Internal flooding in CB A60
2.148E-4 1-EPS-SEQ-CF-FOAB Sequencers fail from common cause to
operate
1.000E+0 1-OA-NSCWFAN---H Operator fails to start NSCW fan
manually (place holder)
2.000E-1 1-RCS-MDP-LK-BP2 RCP seal stage 2 integrity
(binding/popping open) fails
62 2.169E-9 0.37
1.800E-4 1-IE-FLI-AB_C120_LF Internal flooding in AB C120 due to
NSCW pipe failure
9.040E-1 1-NSCWCT-SPRAY NSCW CTS in spray mode (fraction of
time)
9.947E-1 /1-OEP-VCF-LP-CLOPT Consequential loss of offsite power -
transient
3.300E-1 1-RCS-XHE-XM-TRIP Operator fails to trip RCPs
4.060E-5 1-SWS-MOV-MA- NSCW train B spray valve closed for CT
1669ACT_ maintenance
63 2.140E-9 0.36
2.240E-4 1-IE-FLI-AB_C113_LF1 Internal flooding in AB C113
4.776E-5 1-ACP-BAC-FC-BA03 4.16KV bus 1BAO3 fails
2.000E-1 1-RCS-MDP-LK-BP2 RCP seal stage 2 integrity
(binding/popping open) fails
64 2.140E-9 0.36
2.240E-4 1-IE-FLI-AB_C113_LF1 Internal flooding in AB C113
4.776E-5 1-ACP-BAC-FC-BB16 480V switchgear 1BB16 randomly fails
2.000E-1 1-RCS-MDP-LK-BP2 RCP seal stage 2 integrity
(binding/popping open) fails
65 2.085E-9 0.35
1.330E-4 1-IE-FLI-AB_C115_LF Internal flooding in AB C115 due to
NSCW pipe failure
4.776E-5 1-ACP-BAC-FC-BA03 4.16KV bus 1BAO3 fails
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Table 4.3 Internal Flooding Top 100 Cut Set Results

Cut |Frequency % of CDF | Basic Event Name Basic Event Description
Set# | probability
9.947E-1 /1-OEP-VCF-LP-CLOPT Consequential loss of offsite power -
transient
3.300E-1 1-RCS-XHE-XM-TRIP Operator fails to trip RCPs
66 2.085E-9 0.35
1.330E-4 1-IE-FLI-AB_C115_LF Internal flooding in AB C115 due to
NSCW pipe failure
4.776E-5 1-ACP-BAC-FC-BB16 480V switchgear 1BB16 randomly fails
9.947E-1 /1-OEP-VCF-LP-CLOPT Consequential loss of offsite power -
transient
3.300E-1 1-RCS-XHE-XM-TRIP Operator fails to trip RCPs
67 2.072E-9 0.35
1.330E-4 1-IE-FLI-AB_C115_LF Internal flooding in AB C115 due to
NSCW pipe failure
2.940E-3 1-EPS-DGN-FS-G4002__ | DG1B fails to start by random cause
5.300E-3 1-OEP-VCF-LP-CLOPT Consequential loss of offsite power -
transient
68 1.980E-9 0.34
9.210E-5 1-IE-FLI-CB_A48 Internal flooding in CB A48
2.150E-4 1-ACP-BAC-MA-BAO3 4.16KV bus 1BAO3 in maintenance
1.000E-1 1-FLI-CB-A58A48-FP Propagation factor for internal flooding
from corridor A58 to 4160 VAC
switchgear room A48
69 1.980E-9 0.34
9.210E-5 1-IE-FLI-CB_A48 Internal flooding in CB A48
2.150E-4 1-ACP-BAC-MA-BB16 480V switchgear 1BB16 in maintenance
1.000E-1 1-FLI-CB-A58A48-FP Propagation factor for internal flooding
from corridor A58 to 4160 VAC
switchgear room A48
70 1.941E-9 0.33
2.160E-3 1-1E-FLI-TB_500_LF Internal flooding in TB Fire Zone 500
1.549E-5 1-AFW-PMP-CF-RUN CCF of AFW pumps to run (excluding
driver)
5.800E-2 1-OAB_TR------- H Operator fails to feed and bleed -
transient
71 1.917E-9 0.33
1.330E-4 1-IE-FLI-AB_C115_LF Internal flooding in AB C115 due to
NSCW pipe failure
2.720E-3 1-DCP-BAT-MA-BD1B Battery 1BD1B in maintenance
5.300E-3 1-OEP-VCF-LP-CLOPT Consequential loss of offsite power -
transient
72 1.852E-9 0.31
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Table 4.3 Internal Flooding Top 100 Cut Set Results

Cut |Frequency % of CDF | Basic Event Name Basic Event Description
Set# | probability
2.800E-4 1-1E-FLI-AB_108_SP1 Internal flooding in AB 108
3.000E-3 1-AFW-MDP-MA- MDAFWP B unavailable due to test and
P4002 maintenance
3.802E-2 1-AFW-TDP-FR-P4001___ | TDAFWP fails to run
5.800E-2 1-OAB_TR------- H Operator fails to feed and bleed -
transient
73 1.852E-9 0.31
2.800E-4 1-IE-FLI-AB_108_SP2 Internal flooding in AB 108
3.000E-3 1-AFW-MDP-MA- MDAFWP B unavailable due to test and
P4002 maintenance
3.802E-2 1-AFW-TDP-FR-P4001___ | TDAFWP fails to run
5.800E-2 1-OAB_TR------- H Operator fails to feed and bleed -
transient
74 1.839E-9 0.31
2.780E-4 1-IE-FLI-CB_122_SP Internal flooding in CB 122
3.000E-3 1-AFW-MDP-MA- MDAFWP A unavailable due to test and
P4003__ maintenance
3.802E-2 1-AFW-TDP-FR-P4001___ | TDAFWP fails to run
5.800E-2 1-OAB_TR------- H Operator fails to feed and bleed -
transient
75 1.839E-9 0.31
2.780E-4 1-IE-FLI-CB_123_SP Internal flooding in CB 123
3.000E-3 1-AFW-MDP-MA- MDAFWP A unavailable due to test and
P4003__ maintenance
3.802E-2 1-AFW-TDP-FR-P4001___ | TDAFWP fails to run
5.800E-2 1-OAB_TR------- H Operator fails to feed and bleed -
transient
76 1.828E-9 0.31
2.240E-4 1-IE-FLI-AB_C113_LF1 Internal flooding in AB C113
2.000E-1 1-RCS-MDP-LK-BP2 RCP seal stage 2 integrity
(binding/popping open) fails
4.080E-5 1-SWS-CTF-MA-_B_1234_ | All 4 NSCW train B tower fans
unavailable due to maintenance
77 1.804E-9 0.31
2.800E-4 1-1E-FLI-AB_108_SP1 Internal flooding in AB 108
2.148E-4 1-EPS-SEQ-CF-FOAB Sequencers fail from common cause to
operate
3.000E-2 1-OEP-VCF-LP-CLOPL Consequential loss of offsite power -
LOCA
78 1.804E-9 0.31
2.800E-4 1-IE-FLI-AB_108_SP2 Internal flooding in AB 108
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Table 4.3 Internal Flooding Top 100 Cut Set Results

Cut |Frequency % of CDF | Basic Event Name Basic Event Description
Set# | probability
2.148E-4 1-EPS-SEQ-CF-FOAB Sequencers fail from common cause to
operate
3.000E-2 1-OEP-VCF-LP-CLOPL Consequential loss of offsite power -
LOCA
79 1.791E-9 0.30
2.780E-4 1-IE-FLI-CB_122_SP Internal flooding in CB 122
2.148E-4 1-EPS-SEQ-CF-FOAB Sequencers fail from common cause to
operate
3.000E-2 1-OEP-VCF-LP-CLOPL Consequential loss of offsite power -
LOCA
80 1.791E-9 0.30
2.780E-4 1-IE-FLI-CB_123_SP Internal flooding in CB 123
2.148E-4 1-EPS-SEQ-CF-FOAB Sequencers fail from common cause to
operate
3.000E-2 1-OEP-VCF-LP-CLOPL Consequential loss of offsite power -
LOCA
81 1.781E-9 0.30
1.330E-4 1-IE-FLI-AB_C115_LF Internal flooding in AB C115 due to
NSCW pipe failure
9.947E-1 /1-OEP-VCF-LP-CLOPT Consequential loss of offsite power -
transient
3.300E-1 1-RCS-XHE-XM-TRIP Operator fails to trip RCPs
4.080E-5 1-SWS-CTF-MA-_B_1234_ | All 4 NSCW train B tower fans
unavailable due to maintenance
82 1.719E-9 0.29
1.800E-4 1-IE-FLI-AB_C120_LF Internal flooding in AB C120 due to
NSCW pipe failure
4.776E-5 1-ACP-BAC-FC-BA03 4.16KV bus 1BAO3 fails
2.000E-1 1-RCS-MDP-LK-BP2 RCP seal stage 2 integrity
(binding/popping open) fails
83 1.719E-9 0.29
1.800E-4 1-IE-FLI-AB_C120_LF Internal flooding in AB C120 due to
NSCW pipe failure
4. 776E-5 1-ACP-BAC-FC-BB16 480V switchgear 1BB16 randomly fails
2.000E-1 1-RCS-MDP-LK-BP2 RCP seal stage 2 integrity
(binding/popping open) fails
84 1.644E-9 0.28
2.240E-4 1-1E-FLI-AB_C113_LF1 Internal flooding in AB C113
9.040E-1 1-NSCWCT-SPRAY NSCW CTS in spray mode (fraction of
time)
2.000E-1 1-RCS-MDP-LK-BP2 RCP seal stage 2 integrity

(binding/popping open) fails
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Table 4.3 Internal Flooding Top 100 Cut Set Results

Cut |Frequency % of CDF | Basic Event Name Basic Event Description
Set# | probability
4.060E-5 1-SWS-MOV-MA- NSCW train B spray valve closed for CT
1669ACT _ maintenance
85 1.611E-9 0.27
2.780E-4 1-IE-FLI-CB_123_SP Internal flooding in CB 123
3.330E-3 1-EPS-SEQ-FO-1821U301 | Sequencer A fails to operate
5.800E-2 1-OAB_TR------- H Operator fails to feed and bleed -
transient
3.000E-2 1-OEP-VCF-LP-CLOPL Consequential loss of offsite power -
LOCA
86 1.611E-9 0.27
2.780E-4 1-IE-FLI-CB_122_SP Internal flooding in CB 122
3.330E-3 1-EPS-SEQ-FO-1821U301 | Sequencer A fails to operate
5.800E-2 1-OAB_TR------- H Operator fails to feed and bleed -
transient
3.000E-2 1-OEP-VCF-LP-CLOPL Consequential loss of offsite power -
LOCA
87 1.609E-9 0.27
9.210E-5 1-IE-FLI-CB_A48 Internal flooding in CB A48
3.297E-2 1-EPS-DGN-FR-G4002__ | DG1B fails to run by random cause (24 hr
mission)
1.000E-1 1-FLI-CB-A58A48-FP Propagation factor for internal flooding
from corridor A58 to 4160 VAC
switchgear room A48
5.300E-3 1-OEP-VCF-LP-CLOPT Consequential loss of offsite power -
transient
88 1.603E-9 0.27
9.210E-5 1-IE-FLI-CB_A48 Internal flooding in CB A48
3.000E-3 1-AFW-MDP-MA- MDAFWP B unavailable due to test and
P4002__ maintenance
1.000E-1 1-FLI-CB-A58A48-FP Propagation factor for internal flooding
from corridor A58 to 4160 VAC
switchgear room A48
5.800E-2 1-OAB_TR------- H Operator fails to feed and bleed -
transient
89 1.602E-9 0.27
1.330E-4 1-IE-FLI-AB_C115_LF Internal flooding in AB C115 due to
NSCW pipe failure
9.040E-1 1-NSCWCT-SPRAY NSCW CTS in spray mode (fraction of
time)
9.947E-1 /1-OEP-VCF-LP-CLOPT Consequential loss of offsite power -
transient
3.300E-1 1-RCS-XHE-XM-TRIP Operator fails to trip RCPs
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Table 4.3 Internal Flooding Top 100 Cut Set Results

Cut |Frequency % of CDF | Basic Event Name Basic Event Description
Set# | probability
4.060E-5 1-SWS-MOV-MA- NSCW train B spray valve closed for CT
1669ACT _ maintenance
90 1.574E-9 0.27
7.320E-6 1-IE-FLI-DGB_101_LF Internal flooding in DG1B room 101 due
to NSCW pipe failure
2.150E-4 1-ACP-BAC-MA-AA02 Bus 1AA02 in maintenance
9 1.497E-9 0.25
8.570E-6 1-IE-FLI-AB_D74_FP Internal flooding in AB D74 propagates
to480 VAC switchgear room D105
3.297E-2 1-EPS-DGN-FR-G4002___ | DG1B fails to run by random cause (24 hr
mission)
5.300E-3 1-OEP-VCF-LP-CLOPT Consequential loss of offsite power -
transient
92 1.469E-9 0.25
1.800E-4 1-IE-FLI-AB_C120_LF Internal flooding in AB C120 due to
NSCW pipe failure
2.000E-1 1-RCS-MDP-LK-BP2 RCP seal stage 2 integrity
(binding/popping open) fails
4.080E-5 1-SWS-CTF-MA-_B_1234_ | All 4 NSCW train B tower fans
unavailable due to maintenance
93 1.422E-9 0.24
2.780E-4 1-IE-FLI-CB_123_SP Internal flooding in CB 123
2.940E-3 1-EPS-DGN-FS-G4001__ | DG1A fails to start by random cause
5.800E-2 1-OAB_TR------- H Operator fails to feed and bleed -
transient
3.000E-2 1-OEP-VCF-LP-CLOPL Consequential loss of offsite power -
LOCA
94 1.422E-9 0.24
2.780E-4 1-IE-FLI-CB_122_SP Internal flooding in CB 122
2.940E-3 1-EPS-DGN-FS-G4001__ | DG1A fails to start by random cause
5.800E-2 1-OAB_TR------- H Operator fails to feed and bleed -
transient
3.000E-2 1-OEP-VCF-LP-CLOPL Consequential loss of offsite power -
LOCA
95 1.340E-9 0.23
7.670E-6 1-IE-FLI-AB_BO08_LF Internal flooding in AB B08 due to NSCW
pipe failure
3.297E-2 1-EPS-DGN-FR-G4002__ | DG1B fails to run by random cause (24 hr
mission)
5.300E-3 1-OEP-VCF-LP-CLOPT Consequential loss of offsite power -
transient
96 1.321E-9 0.22
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Table 4.3 Internal Flooding Top 100 Cut Set Results

Cut |Frequency % of CDF | Basic Event Name Basic Event Description
Set# | probability
1.800E-4 1-IE-FLI-AB_C120_LF Internal flooding in AB C120 due to
NSCW pipe failure
9.040E-1 1-NSCWCT-SPRAY NSCW CTS in spray mode (fraction of
time)
2.000E-1 1-RCS-MDP-LK-BP2 RCP seal stage 2 integrity
(binding/popping open) fails
4.060E-5 1-SWS-MOV-MA- NSCW train B spray valve closed for CT
1669ACT _ maintenance
97 1.316E-9 0.22
2.780E-4 1-IE-FLI-CB_123_SP Internal flooding in CB 123
2.720E-3 1-DCP-BAT-MA-AD1B Battery 1AD1B in maintenance
5.800E-2 1-OAB_TR------- H Operator fails to feed and bleed -
transient
3.000E-2 1-OEP-VCF-LP-CLOPL Consequential loss of offsite power -
LOCA
98 1.316E-9 0.22
2.780E-4 1-IE-FLI-CB_122_SP Internal flooding in CB 122
2.720E-3 1-DCP-BAT-MA-AD1B Battery 1AD1B in maintenance
5.800E-2 1-OAB_TR------- H Operator fails to feed and bleed -
transient
3.000E-2 1-OEP-VCF-LP-CLOPL Consequential loss of offsite power -
LOCA
99 1.314E-9 0.22
7.520E-6 1-IE-FLI-AB_C118_LF Internal flooding in AB C118 due to
NSCW pipe failure
3.297E-2 1-EPS-DGN-FR-G4001____ | DG1A fails to run by random cause (24 hr
mission)
5.300E-3 1-OEP-VCF-LP-CLOPT Consequential loss of offsite power -
transient
100 |1.279E-9 0.22
7.320E-6 1-IE-FLI-DGB_101_LF Internal flooding in DG1B room 101 due
to NSCW pipe failure
3.297E-2 1-EPS-DGN-FR-G4001__ | DG1A fails to run by random cause (24 hr
mission)
5.300E-3 1-OEP-VCF-LP-CLOPT Consequential loss of offsite power -
transient
4.4. Internal Flooding CDF Parameter Uncertainty Analysis

The uncertainty of the IFPRA CDF results are addressed in two ways: parameter uncertainty
sampling and sensitivity studies. The parameter uncertainty sampling is discussed further in this
section. In Section 4.5 sources of model uncertainty are identified. The impacts of these model
uncertainties are evaluated through sensitivity cases that examine how the results change if
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alternate modeling assumptions are made. Both the parameter uncertainty analysis and the
model uncertainty sensitivity cases are considered in evaluating the uncertainty in the model
results.

The mean CDF is estimated using a Monte Carlo sampling approach using the uncertainty
distributions of the contributing basic events. The state-of-knowledge correlations are addressed
by assigning correlation classes to basic events with similar component types and failure
modes, as described in the SAPHIRE technical reference manual (IE- 5). The CDF mean value
and uncertainty results are provided in Table 4.4. The internal flooding CDF cumulative
distribution function is shown in Figure 4-1, and the probability density is shown in Figure 4-2.

Table 4.4 Internal Flooding CDF Model Parameter Uncertainty Results

Point th . . th . Standard
Estimate CDF Mean CDF | 5" Percentile Median 95'™ Percentile Deviation
7.91E-07 7.99E-07 1.62E-07 5.67E-07 2.17E-06 7.79E-07
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Figure 4-1 Cumulative Distribution Function for Internal Flooding CDF
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Figure 4-2 Probability Density for Internal Flooding CDF

4.5. Internal Flood PRA Model Uncertainty and Sensitivity
Cases

The purpose of this section is to identify sources of model uncertainty in the NRC IFPRA and
develop sensitivity cases to assess the effects of this uncertainty. The modeling approaches
and related assumptions can have a significant impact on the CDF results, and the impacts of
these choices are often not well characterized by the parameter uncertainty distributions. A
systematic review of each technical element of the NRC IFPRA model was performed to identify
sources of model uncertainty. The potential impacts on the NRC IFPRA model are discussed for
each identified source of uncertainty. The technical element, as defined in the ASME/ANS PRA
Standard (IE- 7), is identified for each source of uncertainty. The EPRI report, “Treatment of
Parameter and Model Uncertainty for Probabilistic Risk Assessments,” (Ref. IF-13), was
consulted for generic sources of model uncertainty for an internal flooding PRA. The sources of
model uncertainty are listed in Table 4.5.
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One method to address the impacts of modeling assumptions is to develop sensitivity cases to
examine how the results change if alternate assumptions are made. Several sensitivity cases
are examined here to explore the impacts of modeling assumptions and sources of model
uncertainty on the internal flooding CDF results. The impacts of these sensitivity cases are
evaluated in the following sections, as indicated below:

Internal flooding initiating event frequencies (Section 4.5.1)

Human error probabilities for maintenance-induced flooding scenarios (Section 4.5.2)
Human error probabilities for failures unrelated to flood mitigation (Section 4.5.3)
Crediting improved RCP shutdown seals (Section 4.5.4)

Propagation factor for flooding scenario 1-FLI-CB_A48 (Section 4.5.5)

Potential flood propagation impacting both safety-related 4160 VAC switchgears
(Section 4.5.6)

Application of spray direction factor (Section 4.5.7)

e Credit for manual action to start service water cooling tower fans (Section 4.5.8)
e Impact of consequential loss of offsite power on internal flooding scenarios
(Section 4.5.9)

A table summarizing the results of all of the sensitivity analyses is provided in Section 4.5.10.

Not all sources of model uncertainty discussed in Table 4.5 are addressed by the sensitivity
cases. For some cases, the sources of uncertainty may not be easily quantifiable or able to be
assessed by a sensitivity case. The potential areas for future work in Appendix C describe
additional work that could be pursued that may help in understanding the impacts of model
uncertainties, including those that are not addressed by sensitivity cases in this study.

Table 4.5 Sources of Model Uncertainty

Technical Source of NRC IFPRA Model Impact on NRC IFPRA Model

Element Uncertainty

Internal Flood | The flood areas are primarily No significant impact. The definitions of
Plant defined in terms of the rooms and | flood areas are reasonable based on
Partitioning compartments that are physically |available information and confirmatory
(IFPP) divided with walls, curbs, doors, walkdowns. Potential propagation between

etc., between them. Some areas |flood areas was considered.
are connected via passage ways
or corridors, but are deemed to be
independent with respect to
flooding effects.

The modeled plant is a two-unit No significant impact. Confirmatory

site with limited structures and walkdowns for the NRC IFPRA did not
systems that are shared between |identify any significant multi-unit internal
units. Shared flood areas have the | flooding scenarios. Shared areas were
potential to impact both units. qualitatively screened due to no flood
sources and/or limited impact on accident
initiation/mitigation equipment. Further
quantitative analysis of postulated multi-
unit flooding scenarios could supplement
the screening analysis.
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Table 4.5 Sources of Model Uncertainty

Technical Source of NRC IFPRA Model Impact on NRC IFPRA Model

Element Uncertainty

Internal Flood | Flood areas that do not contain Several flood areas, including those
Source flood sources may be screened containing risk-significant electrical
Identification | from further analysis. However, equipment, were screened because they
(IFSO) flood areas with no flood sources | do not contain flood sources. Flood

that contain accident
initiation/mitigation equipment
should be evaluated further if
there is potential for flood water
propagation from adjacent areas.

propagation from adjacent areas was
considered. For example, the flood
scenario FLI-CB_A48 was included in the
NRC IFPRA model and considers
propagation from a corridor to Class 1E
4160 KV AC switchgear room. However,
flood propagation to adjacent areas does
not account for the failure probabilities of
flood mitigating features (e.g., curbs,
doors, drains). Though this could result in
the omission of some flood scenarios in
the model, these scenarios should have
relatively lower frequencies when
accounting for the mitigating feature failure
probabilities.

The performance of flood
mitigating features (e.g., drains or
flood barriers) may be evaluated
based on qualitative features and
engineering judgment. Flood
areas may be qualitatively
screened based on the
assumption of successful
performance of flood mitigating
features that would prevent flood
water from reaching accident
initiation/mitigation equipment.
Lack of well-established
method(s) for evaluating the
reliability of flood mitigating
features contributes to model
uncertainty. In some cases, no
well-established method for
quantitatively estimating flood
barrier reliability exists. Generic
assumptions regarding expected
performance of flood barriers may
be used in assessing flood
sources and scenario
development.

Flood areas may be qualitatively
screened. The screening may include
implicit assumptions about the successful
performance of flood mitigating features.
For example, control building, spreading
room train B, was screened because the
area has no flood sources sufficient to fail
accident initiation/mitigation equipment,
including in areas where the flood can
propagate. Failure of flood mitigating
features may result in the flood
propagating to areas that contain accident
initiation/mitigation equipment. However,
the assumptions applied to flood mitigating
features do not necessarily result in flood
prevention. For example, the presence
non-water-tight doors and drains are not
assumed to prevent flood propagation, but
they are assumed to slow the flood
progression. Water-tight doors, solid walls,
and curbs are assumed to prevent flood
propagation, given the maximum flood
height would not exceed the height of
those barriers.
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Table 4.5 Sources of Model Uncertainty

Technical
Element

Source of NRC IFPRA Model
Uncertainty

Impact on NRC IFPRA Model

The flood source analysis requires
characterization of failure
mechanism and release including:
(a) the type of breach (e.g., leak,
rupture, spray), (b) flow rate, (c)
capacity of source, and (d)
pressure and temperature of the
source. Engineering judgment and
assumptions applied to the source
characterization may impact the
IFPRA.

No significant impact. Each flood source
that was modeled in the NRC IFPRA was
characterized. The modeled breach may
encompass a range of break sizes and
flow rates. A representative flow rate was
assumed. The impacts due to the flood
source breach were generally pessimistic
and have limited dependence on the flow
rate assumptions.

Steam lines can be important
flood source contributors. Though
some steam line failures might not
contribute to flooding impacts that
are typically considered (e.g.,
submergence or spray), they can
result in other potentially important
impacts, such as elevated
humidity and temperature, and
condensation. There is generally
less experience in assessing
these types of impacts.
Consequently, consideration of
steam lines as a flooding source
may rely on simplifying
assumptions that lead to
uncertainty in the modeling.

There are many steam lines that were
identified as potential flooding sources in
the IFPRA, but many were not included in
the estimation of flooding frequency. First,
main steam lines were excluded from the
IFPRA because these are included as an
initiating event in the internal events PRA.
Secondly, contributions from some types
of smaller steam lines are also excluded,
based on qualitative assessment that the
potential sources do not contribute to flood
impacts. However, there may not be
sufficient consideration of other flooding
impacts, such as elevated humidity and
temperature, and condensation. Further
evaluation of these potential flood sources
could result in additional contributions to
the flooding scenario initiaiting event
frequencies.
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Table 4.5 Sources of Model Uncertainty

Technical Source of NRC IFPRA Model Impact on NRC IFPRA Model

Element Uncertainty

Internal Flood | Flood scenario characterization Automatic or operator actions that have
Scenario includes consideration of the ability to terminate or contain the flood

Development
(IFSN)

automatic or operator actions that
have the ability to terminate or
contain the flood. Simplifying
assumptions regarding post-flood
operator actions were used in
defining flood scenarios for the
NRC IFPRA model.

were identified. Post-flood operator actions
to limit or prevent flood impacts were
generally not credited and were not
modeled. These actions were assumed to
have high failure probabilities due to
limited time available to prevent flood
damage/accident initiation. Long-term
actions to terminate or contain floods were
not modeled. It is possible that long-term
floods could result in extensive
propagation and additional plant impacts
that would hinder safe shutdown of the
plant; however, this is not the case for
most scenarios. The long-term flooding is
likely to accumulate in areas like sumps,
corridors, and stairwells, with limited
impact on plant operation. It was assumed
that long-term flood damage was bounded
by the initial flood damage, which occurs
in the area containing the flood source and
those adjacent areas that are identified in
flood propagation scenarios.

Flood scenario characterization
includes consideration of flood
rate, time to reach SSCs, capacity
of drains, and the amount of water
retained by sumps, berms, dikes,
and curbs. Design basis flooding
calculations account for these
factors in estimating flood
volumes and SSC impacts. The
design basis flooding calculations
were used as a reference, but
they do not directly define the
PRA flood scenario impacts.
Flood impacts were based on
assumptions that were considered
to be pessimistic.

Design basis flooding calculations may
have different boundary conditions (e.g.,
postulated break type and size) than the
modeled NRC IFPRA scenarios. The
model assumes that all identified SSCs
are failed by flood water that reaches the
room. Additional scenario-specific analysis
of flood water volumes is not expected to
identify additional impacted equipment or
higher failure probabilities, but may be
able to provide a basis for equipment
survivability.
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Table 4.5 Sources of Model Uncertainty

Technical
Element

Source of NRC IFPRA Model
Uncertainty

Impact on NRC IFPRA Model

In developing flood scenarios,
qualitative screening criteria are
applied to flood areas and flood
scenarios in accordance with the
ASME/ANS PRA standard. In
applying these qualitative criteria,
analysts may rely on judgement
and assumptions, which can be a
source of uncertainty. In
particular, the assessment of flood
propagation can introduce
uncertainty when there are many
potential propagation paths, or if
the propagation depends on the
occurrence of a very large flood
that is beyond the typical design
basis flood analysis.

The qualitative screening criteria involve
consideration of potential flood
propagation. However, some potential
propagation paths may be overlooked or
assumed to be unlikely. For example, a
past operating experience event involved
charging of a fire protection sprinkler
header and water from a leakoff valve
propagating to the main control room from
the upper cable spreading room. Sealant
was applied to floor penetrations to
prevent future propagation. However, it
could not be confirmed that the sealant
would be leak tight if a significant flooding
event occurred in the room. Degradation
of the sealant (e.g., developing cracks)
over time might be possible. The
frequency of a large flood occurring and
propagating to the main control room is
expected to be low.

SSCs were evaluated for
susceptibility to flood-induced
failure mechanisms. Simplifying
failure assumptions were made for
SSCs susceptible to spray.
Spraying was assumed to fail
components located within a 10-
foot radius and within line-of-sight
of a pressurized-water source.
The direction of the spray was not
considered.

A spray directional factor may be applied
to reduce the spatial impact of a failed
flood source. The directional factor should
be applied based on engineering analysis
and judgment. A spray directional factor
would reduce the initiating event frequency
for flood scenarios involving sprays.

Assumptions regarding equipment
susceptibility to all flood-induced
failure mechanisms introduce
model uncertainty. For most flood
scenarios, the impacts are
considered to be restricted to the
flood areas and propagation
paths, with local effects from
spray and submergence being the
primary concerns. However, some
flood-induced failure mechanisms
(e.g., high humidity) may affect

The IFPRA considers the impacts of all
flood-induced failure mechanisms.
However, the flood impacts are limited to
the identified flood areas and propagation
paths. It is possible that some flooding
mechanisms (e.g., a large steam release)
could have broader impacts on plant
equipment. For example, insights from the
internal events PRA identify the
importance of non-safety related batteries
located in the turbine building for restoring
offsite power. The batteries are not located
on the lower level of the turbine building,
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Table 4.5 Sources of Model Uncertainty

Technical
Element

Source of NRC IFPRA Model
Uncertainty

Impact on NRC IFPRA Model

equipment that is located outside
the analyzed propagation path(s).

are not in an identified flood propagation
path, and are not impacted by any of the
modeled turbine building floods. However,
a large flood or steam release in the
turbine building could impact the
performance of these batteries. It should
be noted that the potential importance of
these batteries depends on a
consequential loss of offsite power
(LOOP) occurring. For a non-LOOP flood
scenario, the loss of the batteries would
have little impact on the accident
response.

Selected high-energy line break
events were excluded from the
scope of the IFPRA. Secondary-
side steam line break events were
modeled as part of the internal
events PRA, but these events do
not consider impacts at the
location of the break. Flood-
related impacts (e.g., sprays)
could fail accident mitigation
equipment.

The plant response due to steam line
breaks is expected to be dominated by the
break itself. Accounting for local flooding
impacts could increase the conditional
core damage probability (CCDP) for those
events, but the impacted equipment is not
expected to have a significant effect on
overall results. The unscreened flood
areas containing steam lines were
reviewed to identify potential impacts of
steam line breaks. These flood areas,
including the main steam valve rooms and
a room containing FW control/regulator
valves, were modeled in the NRC IFPRA
due to other flood sources in the rooms.
The impacts due to steam line breaks can
be inferred from these internal flooding
scenarios.

Simplifying assumptions were
made with respect to the impacts
due to flood propagation. For most
internal flooding scenarios, if a
propagation path was identified,
then the propagation was
assumed to proceed unmitigated
to the target flood area. One
exception is the flood scenario, 1-
FLI-CB_A48, where a propagation
factor of 0.1 was assigned to the
target flood area due to the

For most internal flood scenarios
assuming unmitigated propagation was
reasonable. Identified equipment in the
target flood area was assumed to fail.
Additional analysis of flood propagation
mitigating features, timing, flood water
heights, and operator actions may be able
to support crediting successful operation
of equipment. Additional analysis was not
warranted due to the relative significance
of the internal flooding scenarios. For
scenario 1-FLI-CB_A48, only one of
several potential propagation paths for the
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Table 4.5 Sources of Model Uncertainty

Technical Source of NRC IFPRA Model Impact on NRC IFPRA Model
Element Uncertainty
uncertainty of how the flood would | flood source was modeled. Propagation to
propagate. room A48 depends on break size, location,
and effectiveness of the flood mitigation
features (e.g., floor drains). The
uncertainty in the propagation factor was
addressed by assigning an uncertainty
distribution to this parameter.
Internal Internal flooding scenarios were Feedwater line breaks contribute to the
Flood- modeled that include feedwater SSBO internal event initiator and as flood
Induced lines as a flood source. The flood |sources in NRC IFPRA scenarios. The
Initiating areas include the main steam inclusion of the feedwater line breaks in
Event valve rooms and a room both studies may result in overestimating
Analysis containing FW control/regulator their overall contribution to plant risk.
(IFEV) valves. Feedwater line breaks Removing the feedwater line break

were also considered as a
contributor to secondary-side
breaks downstream of
MSIVs/upstream of MFIVs in the
internal events model, under the
IE-SSBO initiating event.

contribution from SSBO would reduce the
frequency for that initiator, but that may
result in an overall under-estimation of
their contribution, since the modeled NRC
IFPRA scenarios only account for a
fraction of the potential feedwater line
breaks. Contributions from screened or
unmodeled flood areas were not included
in the NRC IFPRA. The two initiating event
categories as currently modeled are
expected to give a small overestimation of
the feedwater line break contribution.

Internal flooding scenario 1-FLI-
TB_500_LF includes circulating
water piping, expansion joints,
and other non-safety piping in the
turbine building as potential flood
sources. Some of these flood
sources are also included in the
estimation of the internal event
initiator, Loss of Condenser Heat
Sink (LOCHS).

Expansion joint failures contribute to both
the loss of condenser heat sink (LOCHS)
initiator in the internal event model and as
a flood source in NRC IFPRA scenarios.
The inclusion of expansion joint failures in
both studies may result in overestimating
the contribution to plant risk. The LOCHS
initiating event analysis incorporates a
number of expansion joint failures into the
frequency estimate. Expansion joint
failures were included under the
subcategory “Condenser Leakage,” as
defined in NUREG/CR-5750. Removing
the expansion joint contribution to 1-FLI-
TB_500_LF would reduce the frequency
for that initiator. The two initiating event
categories as currently modeled are
expected to give a small overestimation of
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Table 4.5 Sources of Model Uncertainty

Technical
Element

Source of NRC IFPRA Model
Uncertainty

Impact on NRC IFPRA Model

the contribution from expansion joint
failures.

Internal flooding scenarios that
have the same or similar impacts
are subsumed into a group. The
resulting grouped scenario may
lose some level of modeling
fidelity with respect to the
subsumed scenarios.

Scenarios may be subsumed when the
same flood area is affected. In most
cases, the impacts for the subsumed
scenarios are the same. The only
differences are the flood sources and the
failure mechanisms of the flood sources
(e.g., spray, local flood, or flood
propagation). Subsuming these scenarios
does not impact the NRC IFPRA model
results. For scenario 1-FLI-TB_500_LF,
several potential flood sources are
subsumed. The impacted equipment can
vary depending on the flood source. The
bounding impacts are assumed to apply to
all subsumed scenarios. In this particular
case, the sum of the CDF contributions
from the individual flood scenarios may be
less than the CDF of the grouped
scenario.
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Table 4.5 Sources of Model Uncertainty

Technical
Element

Source of NRC IFPRA Model
Uncertainty

Impact on NRC IFPRA Model

Internal flooding initiating event
frequencies are based on generic
data from EPRI's report on pipe
rupture frequencies (IF- 9) and
plant-specific data from the
reference plant. The EPRI report
provides a range of failure data for
different plant systems and failure
mechanisms, including sprays,
floods, and major floods. Although
the EPRI report provides a
systematic approach for frequency
estimation, there are several
modeling choices that can impact
the frequency results. Some
examples of modeling choices
include evaluation of pipe size
categories and effective break
sizes, estimation of total system
piping length, incorporation of
plant-specific failure/flooding
experience, and choice of
statistical models. Analyst
judgment was exercised in
determining the applicability and
appropriateness of data and
models used to support frequency
estimates in the L3PRA project.

In the L3PRA project, internal flooding
initiating event frequencies were based on
the most recent available data sources.
Additional analysis is not expected to
significantly change initiating event
frequency values. The uncertainty in the
initiating event frequencies was addressed
by performing parameter uncertainty
analysis.

Internal Flood
Accident
Sequences
and
Quantification
(IFQU)

The screening HEPs that are
selected for maintenance-related
human errors for maintenance-
induced flooding scenarios
represent a source of model
uncertainty.

Maintenance-induced internal flooding
initiating event frequencies incorporate
screening HEP values in estimating the
event frequencies. The frequency
estimates involve a combination of human
failure events: failure to properly restore
system after maintenance (screening HEP
of 0.01) and failure to mitigate flooding
when system is returned to service
(screening HEP of 0.1). To account for
uncertainty in these screening HEP
values, the combined HEP value is varied
in sensitivity analyses.

The internal flooding analysis
identified post-flood human failure
events (HFEs) that are unrelated

While there are several post-flood HFEs
that are important to the model results,
most are not expected to be impacted by
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Table 4.5 Sources of Model Uncertainty

Technical Source of NRC IFPRA Model Impact on NRC IFPRA Model
Element Uncertainty

to flood mitigation. These HFEs flooding effects. Implementing the HEP
can be influenced by stress and multipliers would result in a small increase
other factors related to the in the CCDP for a small number of internal
flooding scenarios. A set of HEP | flooding scenarios.

multiplier values to scale HEP
values for flood scenarios could
be developed. Such HEP
multipliers were not implemented
in the NRC IFPRA model due to
insignificant contribution from the
post-flood HFEs that are expected
to be affected by the flooding.

4.5.1. Internal Flooding Initiating Event Frequencies

Description — Some internal flooding scenarios can have significant impacts on important-to-
safety SSCs. The risk associated with internal flooding is often limited by the relatively low
frequency of flooding initiating events. However, estimates of flooding initiating event
frequencies can include significant uncertainties. Limited flooding data, size of piping systems at
the plant, choice of system and pipe diameter categorization, use of surrogate data,
incorporation of plant-specific data, choice of prior distribution, and other factors can all
influence the flooding frequency estimates. In addition, the widely-used model for internal
flooding frequencies is based on a product of the length of pipe, failure rate per length of pipe,
and conditional rupture probability. One can question whether this model is appropriate for all
piping systems, and the choice of this model itself introduces uncertainty. The point estimate
value for internal flooding CDF can be estimated with initiating events set to different values
within their uncertainty distributions to explore the sensitivity to these frequencies.

Sensitivity Case — For this sensitivity case, the IFPRA is quantified using the 95" percentile
upper bound estimate for all inititiating event frequencies. The 95" percentile upper bound
values for each flooding initiating event are shown in Table A.1-3 of Appendix A.

Results — This sensitivity resulted in a significant increase to the overall internal flooding CDF
from 7.9x107 to 2.2x10°° per reactor-critical-year. The individual contribution of every flooding
scenario is increased in this sensitivity case, but the relative CDF contributions of the flooding
scenarios are largely unchanged from the base case.

Sensitivity Case — Another sensitivity case was quantified using the 5" percentile lower bound
estimate for all inititiating event frequencies.

Results — This sensitivity resulted in a significant decrease to the overall internal flooding CDF
from 7.9x107 to 1.0x107 per reactor-critical-year.

4.5.2. Human Error Probabilities for Maintenance-Induced Flooding
Scenarios

Description — Maintenance-induced internal flooding initiating event frequencies incorporate
screening HEP values in estimating the event frequency. The selection of these screening
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values introduces uncertainty in the model. The HEP values are intended to be conservative
screening values; however, considering variations in the conditions associated with the failure
evnets could drive these failure probabilities to be either higher or lower than the screening
values. The frequency estimates involve a combination of human failure events: failure to
properly restore system after maintenance (screening HEP of 0.01) and failure to mitigate
flooding when system is returned to service (screening HEP of 0.1). The combined HEP values
are varied higher and lower by a factor of 10 to account for uncertainty in these screening HEP
values.

Sensitivity Case — The combined HEP values for the maintenance-induced flooding scenarios
are increased by a factor of 10.

Results — This sensitivity case has a small impact on the overall internal flooding CDF. The CDF
increased from 7.9x107 to 8.0x107 per reactor-critical-year. The two maintenance-induced
flooding scenarios, 1-FLI-TB_500_HI1 and 1-FLI-TB_500_HI2, do not contribute significantly to
the base case CDF results. With this sensitivity case, the two scenarios show increased CDF
values, but both are still under 1 percent of the total internal flooding CDF. The CDF for scenario
1-FLI-TB_500_HI1 increased from 5.7x10'° to 6.9x10° per reactor-critical-year. The CDF for
scenario 1-FLI-TB_500_HI2 increased from 6.7x107"° to 7.8x10° per reactor-critical-year.

Sensitivity Case — The combined HEP values for the maintenance-induced flooding scenarios
are decreased by a factor of 10.

Results — This sensitivity case has minimal impact on the overall internal flooding CDF. The
CDF is unchanged from 7.9x107, though the number of cut sets is slightly reduced from 8728 to
8630. The CDF for scenario 1-FLI-TB_500_ HI1 decreased from 5.7x10"° to 4.3x10"" per
reactor-critical-year. The CDF for scenario 1-FLI-TB_500_HI2 decreased from 6.7x107° to
5.3x10™" per reactor-critical-year.

4.5.3. Human Error Probabilities for Failures Unrelated to Flood Mitigation

Description — For evaluation of post-flood human failure events in the portion of the plant
response not related to flood mitigation, the flooding impacts should be taken into consideration
in the performance shaping factors that influence these failures. For the areas that are impacted
by the flood, it is assumed that local actions are not possible. For actions that are not located in
areas affected by the flood, the impacts on human performance can vary depending on the
specific performance shaping factors that are present. For actions in the main control room,
increased stress due to the flooding event is the primary concern for influencing actions. For
actions outside the main control room, accessibility and additional time required to perform
actions can influence the failure events. This sensitivity case is developed to explore the
impacts on HEP values for human failures unrelated to the flood mitigation.

Sensitivity Case — All HEP values are set to 10 times their nominal values. If the HEP is 0.1 or
higher, then the value is set to 0.9. For one of the modeled human failure events (basic event 1-
OA-NSCWFAN---H), the basic event is assigned a failure probability of 1.0 (i.e., the event is
failed) in the base model. That event failure probability is also set to 1.0 in this sensitivity case.

Results — For this sensitivity case the CDF increased from 7.9x107 to 2.4x10 per reactor-
critical-year. The resulting cut sets show that human failure events associated with operator
failure to initiate feed and bleed (basic event 1-OAB_TR------- H) and operator failure to trip
reactor coolant pumps (basic event 1-RCS-XHE-XM-TRIP) are significant contributors to CDF.
For many of the significant human failure events, the actions take place in the main control
room. Also, the baseline HEP estimate for most events assumes high stress level. The
increased stress associated with the flooding event is expected to have a small impact on the
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HEP value. Therefore, this sensitivity case is expected to overestimate the impacts of flooding
on HEP values. A second sensitivity case is developed to focus only on actions performed
outside of the main control room.

Sensitivity Case — All the modeled HFEs in the IFPRA were reviewed to identify the locations of
where the actions are performed. Only four HFEs were identified that represent actions
performed outside the main control room. Several other ex-control room actions were
considered, but ultimately only these four events were modeled in the internal events and
internal flooding models. For these HFEs, the HEP values are set to 10 times their nominal
values. The adjustments to the HEP values for internal flooding events are shown in Table 4.6

Table 4.6 Internal Flooding Adjustments to HEP Values for Actions Outside the Control

Room
. oy Location for HEP Used
Basic Event Name Description Base HEP Operator Action | for Flooding
OPERATOR FAILS TO
1-OA-ALIGNPW- ALIGN PLANT WILSON TO .
01HR 416KV BUS WITHIN 1 HR 9.2E-02 | Switchyard 9.2E-01
AFTER SBO

OPERATOR FAILS TO
1-OA-ALIGNPW- ALIGN PLANT WILSON TO

02HR 4.16KV BUS WITHIN 2 HR
AFTER SBO

1.2E-02 | Switchyard 1.2E-01

OPERATOR FAILS LOCAL
CHANGE 120VAC SUPPLY
FROM INVERTER TO
RGXFMR

1-OA-HURGXFMR--H 3.4E-03 | Control Building 3.4E-02

OPERATOR FAILS TO Service Water
1-OA-NSCWCT-MV-H | LOCALLY OPEN NSCW CT 1.1E-02

Pump House 1.1E-01
SPRAY MOV NO S| P

Results — This sensitivity case has minimal impact on the overall internal flooding CDF. The
CDF is unchanged from 7.9x107, though the number of cut sets is slightly increased from 8728
to 8984.

4.5.4. Crediting Improved RCP Shutdown Seals

Description — To assess the impact on risk from improvements in RCP Shutdown seals, a
sensitivity study was done based on low leakage RCP seals (Westinghouse SHIELD® Passive
Shutdown Seal). For these seals, RCP seal leakage was assumed to be 1 gpm per RCP after
seal actuation. The inclusion of these seals can have a significant effect on the model results.

Sensitivity Case — To evaluate the effect of the RCP shutdown RCP seals on the Level 1 IFPRA
model results, basic event 1-RCS-SDS-FC-ACTUATE (shutdown seals fail to actuate), which is
set to TRUE in the base model, was assigned a failure probability.'® This basic event was
located in the 1-SDS (shutdown seal actuation), 1-RCPSC (RCP seal cooling/integrity), 1-

10 The failure probability for the low leakage RCP seals was taken from the Final Safety Evaluation
by the Office Of Nuclear Reactor Regulation, PWROG-14001-P, Revision 1, "PRA Model for the
Generation Il Westinghouse Shutdown Seal," (Ref. IF- 15). The failure probability is proprietary and is
redacted from the public version of the safety evaluation report.
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RCPSC-BP (RCP seal integrity—binding/popping), and 1-OPR-RCPS (RCP seal integrity lost
during SBO) fault trees. In addition to the failure of the shutdown seals to actuate, there was
potential that the seals may not remain sealed. Therefore, an additional basic event, 1-RCS-
SDS-SEALED (shutdown seals fail to remain sealed), was added under the same OR gates (1-
SDS, 1-RCPSC2223, 1-RCPS-BP21, and 1-OPR-RCPS-02, respectively) with basic event 1-
RCS-SDS-FC-ACTUATE. The assumed hourly failure rate is based on NRC’s evaluation of the
improved RCP seal (Ref. IF- 15).

The station blackout (SBO) event tree was also modified to account for the RCP shutdown
seals. The changes are consistent with the sensitivity case discussed in Section 10.8 of the
internal events Level 1 PRA model report (Ref. IF- 16). However, the SBO event tree does not
contribute to any of the significant accident sequences for the IFPRA. Refer to the internal
events Level 1 PRA report for more information on the SBO changes.

Results — This sensitivity resulted in a decrease of the overall internal flooding CDF from
7.9x107 to 6.4x107 per reactor-critical-year (an approximately 19 percent decrease). In the
base model, seven of the top ten accident sequences involve RCP seal failures resulting in
small LOCAs (sequences identified by sequence number 1-11-08-1). In the sensitivity case,
these sequences are still significant contributors to overall CDF, though to a lesser extent than
the base model. The top 20 accident sequences for the sensitivity case are shown in Table 4.7.
After accounting for the reduced failure rate of the shutdown seals, the highest contribution to
the RCP seal failure is due to the human error associated with failing to trip the running RCPs
(basic event 1-RCS-XHE-XM-TRIP). In some of the significant flood scenarios, the flood intiator
impacts the availability of service water, and this impacts the likelihood of reactor coolant
system (RCS) injection failure after the small LOCA occurs. This is another factor that
contributes to the importance of these sequences.

Table 4.7 Internal Flooding Accident Sequences with RCP Shutdown Seals

ScenarioName | S\UEEE | COFIy | Gor | “uofcDF | Gount

1 1-FLI-AB_C113_LF1 1-10-1 7.8E-08 121 121 177
2 1-FLI-AB_C120_LF 1-10-1 6.8E-08 10.6 227 181
3 1-FLI-AB_C113_LF1 1-11-08-1 4.7E-08 7.4 30.1 91

4 1-FLI-AB_C115_LF 1-10-1 4.6E-08 7.2 37.3 153
5 1-FLI-AB_C120_LF 1-11-08-1 3.8E-08 5.9 43.2 84
6 1-FLI-CB_122_SP 1-15-1 3.6E-08 5.5 48.7 105
7 1-FLI-CB_123_SP 1-15-1 3.6E-08 5.5 54.3 105
8 1-FLI-AB_C115_LF 1-11-08-1 2.8E-08 4.4 58.6 82

9 1-FLI-AB_108_SP1 1-11-08-1 2.6E-08 4.0 62.6 167
10 1-FLI-AB_108_SP2 1-11-08-1 2.6E-08 4.0 66.6 167
11 1-FLI-CB_123_SP 1-11-08-1 2.5E-08 3.9 70.5 167
12 1-FLI-CB_122_SP 1-11-08-1 2.5E-08 3.9 74.4 167
13 1-FLI-CB_123_SP 1-21-1 1.3E-08 2.1 76.5 525
14 1-FLI-CB_122_SP 1-21-1 1.3E-08 2.1 78.6 525
15 1-FLI-TB_500_LF 1-10-1 1.0E-08 1.6 80.2 401
16 1-FLI-AB_108_SP1 1-21-1 7.2E-09 1.1 81.3 309
17 1-FLI-AB_108_SP2 1-21-1 7.2E-09 1.1 82.4 309
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scenaroName | Spdience [ Goriy | sl | Gumdatie | Cuse
18 1-FLI-CB_A60 1-15-1 6.6E-09 1.0 834 51
19 1-FLI-AB_108_SP1 1-04-1 6.6E-09 1.0 84.5 111
20 1-FLI-AB_108_SP2 1-04-1 6.6E-09 1.0 85.5 105
Total CDF 6.4E-07 7510

4.5.5. Propagation Factor for Flooding Scenario 1-FLI-CB_A48

Description — The potential for flood propagation from a corridor to the train A safety-related
4.16 KV AC switchgear room is modeled in flooding scenario 1-FLI-CB_A48. A propagation
factor was assumed that represents the likelihood of flood sources propagating to the
switchgear room. The likelihood of propagation to the switchgear room depends on break size,
location, and effectiveness of the flood mitigation features (e.g., floor drains).

Sensitivity Case — To address uncertainty in the likelihood of propagation, the propagation factor
is set to 1.0 from the base case value of 0.1.

Results — This sensitivity resulted in an increase of the overall internal flooding CDF from
7.9x107 to 9.2x107 per reactor-critical-year (an approximately 16% increase). The increase in
CDF is attributed to the increased contribution from flooding scenario 1-FLI-CB_A48. The CDF
of flood scenario 1-FLI-CB_A48 increased from 1.4x108 to 1.4x107 per reactor-critical-year.

4.5.6. Potential Flood Propagation Impacting Both Safety-Related 4160
VAC Switchgears

Description — Given the importance of the 4160 VAC essential switchgear rooms, additional
evaluation of flood propagation that could impact both safety-related trains may be warranted.
Flood propagation to the train A switchgear room is described in scenario 1-FLI-CB_A48. The
train B switchgear room is located adjacent to the train A room, but there are several features in
place that inhibit flood propagation. Neither of the switchgear rooms contain any flood sources.
There are no direct propagation paths between the two rooms. The flood scenario would have
to initiate in the adjoining corridor and then propagate to both rooms. The train B switchgear
room is protected by a 6-inch high curb at the door, and the equipment in the room is mounted
on a 6-inch high pedestal. There are multiple flood propagation paths and drains that would
slow the flood height increase and would likely prevent overtopping the 6-inch curb. As such,
flood propagation to both switchgear rooms is very unlikely.

Sensitivity Case — Flooding scenario 1-FLI-CB_A48 is modified to address the potential for flood
propagation to both safety-related 4160 VAC switchgear rooms. The probability of flood
propagation to both rooms is assumed to be 1x102. This is considered to be a conservative
estimate, since the propagation to the train B room is unlikely due to the protection from a curb
at the door and the presence of several other potential propagation paths and floor drains. Even
if such a flood were to occur, then plant staff would be expected to have time to pursue flood
mitigating actions (e.g., isolating the flood source) before the train B room was impacted. These
flood mitigating actions are not credited in the sensitivity case. Also, the impacts of the flood are
assumed to fail all switchgears in both rooms. A more detailed analysis of the flood height may
support less severe flooding impacts. If the flooding does cause loss of power to both safety-
related 4160 VAC buses, then power will be unavailable to safety-related equipment required for
core cooling (e.g., AFW and ECCS motor-driven pumps). No credit is given for continued
operation of the turbine-driven AFW pump after battery depletion (4-hour battery life). No credit
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is given to recovering the safety-related loads after the switchgear equipment is failed. If the
flood impacts both switchgear rooms, then core damage is assumed.

Results — This sensitivity resulted in a significant increase to the internal flooding CDF from
7.9x107 to 1.7x10° per reactor-critical-year. In this sensitivity case, the flooding scenario

impacting both safety-related 4160 VAC switchgear rooms (scenario 1-FLI-CB_A48) contributes
more than half of the total internal flooding CDF. This is expected to be a bounding assessment

of the scenario for the reasons discussed above. The individual flooding scenario contributions
for this sensitivity study are shown in Table 4.8.

Table 4.8 Internal Flooding Scenario Results With Propagation to Both Safety-
Related 4160 VAC Switchgear Rooms

CDF per

_ IE frequency reactor- % of Cut
Scenario Name per reactor- CCDP ce Set
critical-year critical- CDF | count
year
1 1-FLI-CB_A48 9.2E-05 1.0E-02 9.2E-07 54.2 1
2 1-FLI-AB_C113_LF1 2.2E-04 6.9E-04 1.6E-07 9.2 348
3 1-FLI-AB_C120_LF 1.8E-04 7.2E-04 1.3E-07 7.7 347
4 1-FLI-CB_123 SP 2.8E-04 3.7E-04 1.0E-07 6.0 1393
5 1-FLI-CB_122_SP 2.8E-04 3.7E-04 1.0E-07 6.0 1389
6 1-FLI-AB_C115_LF 1.3E-04 6.9E-04 9.2E-08 5.4 300
7 1-FLI-AB_108_SP1 2.8E-04 2.1E-04 5.9E-08 3.5 1135
8 1-FLI-AB_108_SP2 2.8E-04 2.1E-04 5.9E-08 3.5 1127
9 1-FLI-CB_A60 5.2E-05 3.6E-04 1.9E-08 1.1 493
10 1-FLI-TB_500 LF 2.2E-03 7.6E-06 1.6E-08 1.0 701
11 1-FLI-DGB_101_LF 7.3E-06 8.5E-04 6.2E-09 0.4 70
12 1-FLI-AB_D74_FP 8.6E-06 6.9E-04 5.9E-09 0.3 89
13 1-FLI-AB_C118 LF 7.5E-06 7.3E-04 5.5E-09 0.3 75
14 1-FLI-AB_B08 LF 7.7E-06 6.9E-04 5.3E-09 0.3 72
15 1-FLI-DGB_103_LF 7.3E-06 7.0E-04 5.1E-09 0.3 79
16 | 1FHITBS00LE 6.3E-04 | 7.0E-06 | 45E-09 | 03 | 303
17 1-FLI-AB_B24 LF2 3.5E-06 7.1E-04 2.5E-09 0.1 74
18 1-FLI-AB_B50_JI 3.4E-06 7.3E-04 2.4E-09 0.1 56
19 1-FLI-AB_A20 2.7E-04 6.8E-06 1.8E-09 0.1 153
20 1-FLI-TB_500_HI2 9.4E-05 7.2E-06 6.7E-10 0.0 59
21 1-FLI-TB_500_HI1 9.4E-05 6.1E-06 5.7E-10 0.0 58
22 1-FLI-AB_D78_FP 3.6E-07 6.7E-04 2.4E-10 0.0 24
23 1-FLI-AB_A20 _FP 2.3E-05 8.5E-06 1.9E-10 0.0 51
Total: 5.1E-03 1.7E-06 8397

4.5.7. Application of Spray Direction Factor

Description — In some PRA studies, a spray direction factor that accounts for the spray’s
direction with respect to the pipe’s circumference is applied when supported by a detailed
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engineering evaluation. Spray events are generally characterized as having small through-wall
pipe failures and low break flow rates. Accordingly, the impacts on nearby equipment can be
expected to be less severe than those of larger flooding events. The equipment impacted by
spray events are assumed to be within a direct line-of-sight of the pipe failure and result in
spraying or splashing on the affected component(s). The approach for estimating spray
frequency does not account for the direction of the spray. Applying a spray direction factor has
the effect of reducing the spray frequency to account for the fraction of spray events that would
be directed toward the impacted equipment. This assumes that some spray events would be
directed away from the equipment and would not result in equipment failure.

Sensitivity Case — To evaluate the effect of the spray direction a factor of 1/8 is multiplied by the
initiating event frequency for flooding scenarios that model impacts from sprays or jet
impingment..'" The spray direction factor is applied to the following internal flooding scenarios:
1-FLI-AB_108_SP1, 1-FLI-AB_108_SP2, 1-FLI-CB_122_SP, 1-FLI-CB_123_SP, and 1-FLI-
AB_B50_JI.

Results — This sensitivity resulted in a decrease to the internal flooding CDF from 7.9x107 to
5.0x107 per reactor-critical-year (an approximately 37 percent decrease). The individual
flooding scenario contributions for this sensitivity study are shown in Table 4.9.

Table 4.9 Internal Flooding Scenario Results With Spray Direction Factor

CDF per
IE frequency o Cut
. reactor- % of
Scenario Name per reactor- CCDP ce Set
o critical- CDF
critical-year Count
year

1 1-FLI-AB_C113_LF1 2.2E-04 6.9E-04 1.6E-07 30.8 348
2 1-FLI-AB_C120_LF 1.8E-04 7.2E-04 | 1.3E-07 25.8 347
3 1-FLI-AB_C115_LF 1.3E-04 6.9E-04 9.2E-08 18.3 300
4 1-FLI-CB_A60 5.2E-05 3.6E-04 1.9E-08 3.7 493
5 1-FLI-TB_500_LF 2.2E-03 7.6E-06 1.6E-08 3.2 701
6 1-FLI-CB_A48 9.2E-05 1.5E-04 1.4E-08 2.8 332
7 1-FLI-CB_123_SP 3.5E-05 3.6E-04 1.2E-08 25 400
8 1-FLI-CB_122_SP 3.5E-05 3.6E-04 1.2E-08 2.5 399
9 1-FLI-AB_108_SP1 3.5E-05 2.0E-04 7.1E-09 1.4 230
10 1-FLI-AB_108_SP2 3.5E-05 2.0E-04 7.1E-09 1.4 229
11 1-FLI-DGB_101_LF 7.3E-06 8.5E-04 6.2E-09 1.2 70
12 1-FLI-AB_D74_FP 8.6E-06 6.9E-04 5.9E-09 1.2 89
13 1-FLI-AB_C118 LF 7.5E-06 7.3E-04 5.5E-09 1.1 75
14 1-FLI-AB_B08 LF 7.7E-06 6.9E-04 5.3E-09 1.0 72
15 1-FLI-DGB_103_LF 7.3E-06 7.0E-04 5.1E-09 1.0 79
16 | 1FHTB00LE 6.3E-04 | 7.2E-06 | 45E:09 | 09 | 303
17 1-FLI-AB_B24 LF2 3.5E-06 7.1E-04 2.5E-09 0.5 74

" The authors are not aware of any rigorous analyses that have been performed to justify a particular spray direction
factor. For this sensitivity case, a spray direction factor of 1/8 was selected based on engineering judgment and its
use in at least one other internal flooding PRA.
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Table 4.9 Internal Flooding Scenario Results With Spray Direction Factor

CDF per
IE frequency o Cut
. reactor- % of
Scenario Name per reactor- CCDP ce Set
o critical- CDF
critical-year Count
year
18 1-FLI-AB_A20 2.7E-04 6.8E-06 1.8E-09 0.4 153
19 1-FLI-TB_500 HI2 9.4E-05 7.2E-06 6.7E-10 0.1 59
20 1-FLI-TB_500 HI1 9.4E-05 6.1E-06 5.7E-10 0.1 58
21 1-FLI-AB_B50_JI 4.2E-07 7.0E-04 2.9E-10 0.1 26
22 1-FLI-AB_D78_FP 3.6E-07 6.7E-04 2.4E-10 0.1 24
23 1-FLI-AB_A20 FP 2.3E-05 8.5E-06 1.9E-10 0.0 51
Total: 4.2E-03 5.0E-07 4912

4.5.8. Credit for Manual Action to Start Service Water Cooling Tower Fans

Description — One of the significant basic events in the IFPRA model involves an operator
failure to manually start service water cooling tower fans following a safety injection or loss of
offsite power signal (basic event 1-OA-NSCWFAN---H). In the base model, no credit is given for
this action, which is consistent with the modeling approach in the reference plant PRA. The
basic event is included in the model with failure probability set to 1.0. The event is present in
several significant cut sets. The Fussell-Vesely importance measure for this basic event
indicates an approximately 21 percent contribution to internal flooding CDF. The accident
sequences that contain these cut sets involve a secondary-side break upstream of the MSIVs
that is induced by the flooding initiating event, resulting in a reactor trip, main steamline
isolation, and safety injection actuation. Subsequent failures result in an RCP seal LOCA. The
success criterion requires 3 out of 4 service water cooling tower fans for successful operation
during safety injection. The relevant cut sets include combinations of the fans failure to start and
operator failure to manually start the fans. These cut sets are potentially conservative because
there is no credit given for the manual actions. Also, the safety injection can be terminated after
RCS level has been recovered and is stable. At that time, the success criterion is 1 out of 4
service water cooling tower fans for successful operation.

Sensitivity Case — To evaluate the effect of applying credit for manual action to start service
water cooling tower fans, the basic event failure probability is set to 0.1.

Results — This sensitivity resulted in a decrease to the internal flooding CDF from 7.9x107 to
6.4x107 per reactor-critical-year (an approximately 19 percent decrease). The contributions
from accident sequences that involve a flood-related secondary-side break resulting in an RCP
seal LOCA are significantly reduced. The flooding scenarios that include these sequences are
1-FLI-AB_108_SP1, 1-FLI-AB_108_SP2, 1-FLI-CB_122_SP, 1-FLI-CB_123_SP, and 1-FLI-
CB_A60. The CDF contributions from all these scenarios are reduced with this sensitivity case.
The flooding scenario contributions to CDF are shown in Table 4.10.
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Table 4.10 Internal Flooding Scenario Results With Credit for Manual Action to Start
Service Water Cooling Tower Fans

IE f CDF per
requency o Cut
Scenario Name per reactor- CCDP re?c_:tor- % of Set
critical-year critical- | CDF | &0 int
year
1 1-FLI-AB_C113_LF1 2.2E-04 6.9E-04 1.6E-07 24 .4 348
2 1-FLI-AB_C120_LF 1.8E-04 7.2E-04 1.3E-07 20.4 347
3 1-FLI-AB_C115_LF 1.3E-04 6.9E-04 9.2E-08 14.5 300
4 1-FLI-CB_123_SP 2.8E-04 2.3E-04 6.6E-08 10.3 1105
5 1-FLI-CB_122_SP 2.8E-04 2.3E-04 6.6E-08 10.3 1101
6 1-FLI-AB_108_SP1 2.8E-04 8.1E-05 2.3E-08 3.6 824
7 1-FLI-AB_108_SP2 2.8E-04 8.1E-05 2.3E-08 3.6 816
8 1-FLI-TB_500_LF 2.2E-03 7.6E-06 1.6E-08 2.6 697
9 1-FLI-CB_A48 9.2E-05 1.5E-04 1.4E-08 2.2 300
10 1-FLI-CB_A60 5.2E-05 2.3E-04 1.2E-08 1.9 385
11 1-FLI-DGB_101_LF 7.3E-06 8.5E-04 6.2E-09 1.0 70
12 1-FLI-AB_D74_FP 8.6E-06 6.9E-04 5.9E-09 0.9 89
13 1-FLI-AB_C118_LF 7.5E-06 7.3E-04 5.5E-09 0.9 75
14 1-FLI-AB_BO8 LF 7.7E-06 6.9E-04 5.3E-09 0.8 72
15 1-FLI-DGB_103_LF 7.3E-06 7.0E-04 5.1E-09 0.8 79
16 | TTHIIBS200 L 6.3E04 | 7.2E06 | 45600 | 07 | 302
17 1-FLI-AB_B24 LF2 3.5E-06 7.1E-04 2.5E-09 0.4 74
18 1-FLI-AB_B50_JI 3.4E-06 7.3E-04 2.4E-09 0.4 56
19 1-FLI-AB_A20 2.7E-04 6.8E-06 1.8E-09 0.3 153
20 1-FLI-TB_500_HI2 9.4E-05 7.2E-06 6.7E-10 0.1 59
21 1-FLI-TB_500_HI1 9.4E-05 6.1E-06 5.7E-10 0.1 58
22 1-FLI-AB_D78_FP 3.6E-07 6.7E-04 2.4E-10 0.0 24
23 1-FLI-AB_A20_FP 2.3E-05 8.5E-06 1.9E-10 0.0 51
Total: 5.2E-03 6.4E-07 7385

4.5.9. Impact of Consequetial Loss of Offsite Power on Internal Flooding
Scenarios

Description — A consequential loss of offsite power (LOOP) can occur in response to a reactor
trip or other plant transients as electrical loads are transferred to power sources supplied from
the offsite grid. The consequential LOOP modeling approach is described in the internal events
Level 1 PRA model report (Ref. IF- 16), and the same approach is adopted for the IFPRA
model. Consequential LOOPs are a significant contributor to the internal flooding CDF, as can
be seen in the discussion of significant accident sequences in Section 4.2. However, many of
the flooding scenarios would not result in an immediate plant trip. Operators may initiate a
manual reactor trip or a controlled plant shutdown. If a controlled plant shutdown is initiated,
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then this would not have the same impacts on the electrical distribution system as a reactor trip
or other plant transients.

Sensitivity Case — To evaluate the impacts of the consequential LOOP modeling, a sensitivity
case is developed to suppress the consequential LOOP failures in the internal flooding
scenarios that do not result in an immediate plant trip. The internal flooding scenarios that do
not result in an immediate plant trip are:

1-FLI-AB_B24_LF2
1-FLI-AB_B50_JI
1-FLI-AB_C113_LF1
1-FLI-AB_C115_LF
1-FLI-AB_C118_LF
1-FLI-AB_C120_LF
1-FLI-AB_D74_FP
1-FLI-AB_D78_FP
1-FLI-DGB_101_LF
1-FLI-DGB_103_LF

The basic event used to model the consequential LOOP probability (basic event 1-OEP-VCF-
LP-CLOPT) is ignored in these flooding scenarios.

Results — This sensitivity resulted in a decrease to the internal flooding CDF from 7.9x107 to
5.9x107 per reactor-critical-year (an approximately 25 percent decrease). The contribution from
accident sequences involving consequtial LOOPs are significantly reduced. In the base model,
one of the significant accident sequences involves a failure of NSCW piping and a subsequent
LOOP. The sequence is identified by sequence number 1-10-1 (see base model accident
sequence results in Table 4.2). For the sensitivity case, the CDF contributions from sequence
number 1-10-1 are significantly reduced. The top 20 accident sequences for the sensitivity case
are shown in Table 4.11. Sequence number 1-10-1 does not appear in the top 20 accident
sequences for any of the flooding scenarios that would not result in an immediate plant trip.

Table 4.11 Internal Flooding Accident Sequences Suppressing Consequential LOOP for
Flooding Scenarios Not Causing Plant Trip

ScenarioName | (US| COFIY | GOF | ‘SofGDF | Gount
1 1-FLI-AB_C113_LF1 1-11-08-1 7.8E-08 13.2 13.2 150
2 1-FLI-AB_C120_LF 1-11-08-1 6.2E-08 10.6 238 146
3 1-FLI-AB_C115_LF 1-11-08-1 4.6E-08 7.8 31.6 136
4 1-FLI-AB_108_SP1 1-11-08-1 4.2E-08 7.1 38.6 303
5 1-FLI-AB_108_SP2 1-11-08-1 4.2E-08 7.1 45.7 303
6 1-FLI-CB_123_SP 1-11-08-1 4.1E-08 7.0 52.7 292
7 1-FLI-CB_122_SP 1-11-08-1 4.1E-08 7.0 59.8 292
8 1-FLI-CB_122_SP 1-15-1 3.6E-08 6.0 65.8 105
9 1-FLI-CB_123_SP 1-15-1 3.6E-08 6.0 71.9 105
10 1-FLI-CB_123_SP 1-21-1 1.3E-08 2.3 741 525
11 1-FLI-CB_122_SP 1-21-1 1.3E-08 2.3 76.4 525
12 1-FLI-TB_500_LF 1-10-1 1.0E-08 1.8 78.1 401
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Table 4.11 Internal Flooding Accident Sequences Suppressing Consequential LOOP for
Flooding Scenarios Not Causing Plant Trip

ScenarioName | (OIS | COFIY | GOF | ‘%ofGDF | Gount

13 1-FLI-CB_A60 1-11-08-1 7.6E-09 1.3 79.4 104
14 1-FLI-AB_108_SP2 1-21-1 7.2E-09 1.2 80.6 309
15 1-FLI-AB_108_SP1 1-21-1 7.2E-09 1.2 81.9 309
16 1-FLI-CB_A60 1-15-1 6.6E-09 1.1 83.0 51
17 1-FLI-AB_108_SP1 1-04-1 6.6E-09 1.1 84.1 111
18 1-FLI-AB_108_SP2 1-04-1 6.6E-09 1.1 85.2 105
19 1-FLI-CB_A48 2-10-1 5.7E-09 1.0 86.2 43
20 1-FLI-CB_123_SP 1-04-1 4.9E-09 0.8 87.0 69

Total CDF 5.9E-07 8116

4.5.10. Summary of Sensitivity Analysis Results

A summary of the results of the sensitivity cases documented in this report is provided below.
As evident from the table, the largest increases in CDF occur in the following cases:

¢ Increasing the HEPs for all human failure events unrelated to flood mitigation (204
percent increase in internal flooding CDF)

e Using the 95" percentile upper bound estimate for all flooding initiating event
frequencies (178 percent increase in internal flooding CDF)

o Assuming a safety-related 4160 VAC switchgear room flood propagates to the room for
the other train of safety-related 4160 VAC switchgear (115 percent increase in internal
flooding CDF)

In the first case above, most of the impact comes from the failure of operator actions in the main
control room (MCR). Since the baseline HEPs for most of these human failure events already
assume a high stress level, the increased stress associated with a flooding event is not
expected to have a significant impact on the HEPs. A follow-up sensitivity analysis showed that
if operator actions in the MCR are excluded, there is virtually no increase in internal flooding
CDF.

In the second case above, it is clear that the total internal flooding CDF is very sensitive to the
flooding initiating event frequencies. In fact, using the 5" percentile lower bound estimate for all
flooding initiating event frequencies results in the greatest decrease in internal flooding CDF of
all of the sensitivity analyses performed. As such, estimation of flooding initiating event
frequencies is a prime candidate for future research.

In the last case above, it is clear that a flood that can propagate and damage both trains of
safety-related 4160 VAC switchgear will have a severe impact on plant safety (in the sensitivity
case, this situation was assumed to lead directly to core damage). However, as discussed in
Section 4.5.6, the likelihood of such an occurrence is extremely low.

79



Table 4.12 Summary of Sensitivity Cases Results

" Description Base CDF Sensitivity Percent
P (per ry) CDF (per ry) Change
Internal flooding initiating event frequencies
1 e Use 95" percentile frequencies 7.9E-07 2.2E-06 +178%
e Use 5™ percentile frequencies 7.9E-07 1.0E-07 -87%
Human error probabilities for maintenance-
5 induced flooding scenarios
e Increased HEPs (x10) 7.9E-07 8.0E-07 +1%
e Decreased HEPs (x10) 7.9E-07 7.9E-07 —
Human error probabilities for failures
3 unrelated to flood mitigation
e All HEPs increased (x10) 7.9E-07 2.4E-06 +204%
e Ex-MCR HEPs increased (x10) 7.9E-07 7.9E-07 -
4 | Crediting improved RCP shutdown seals 7.9E-07 6.4E-07 -19%
Propagation factor for flooding scenario 1- ) ) o
5 FLI-CB_A48 7.9E-07 9.2E-07 +16%
Potential flood propagation impacting both ) ) o
6 safety-related 4160 VAC switchgears 7.9E-07 1.7E-06 .
7 | Application of spray direction factor 7.9E-07 5.0E-07 -37%
8 Credit for manual action to start service 7 9E-07 6.4E-07 19%
water cooling tower fans
9 Impact of ponsequentiql loss of offsite 7 9E-07 5 9E-07 259%
power on internal flooding scenarios
4.6. Comparison of Results to Similar Plant

The NRC IFPRA results were compared to the flooding results from the SPAR model and IPE 12
of a similar four-loop PWR plant. The comparison plant’s internal events and internal flooding
PRA results were reviewed. The internal flooding scenarios contribute approximately 0.5
percent of the total internal events and internal flooding CDF for the comparison plant. The top
100 cut sets from the comparison plant’s internal flooding scenarios were reviewed to identify
similarities and differences compared to the NRC IFPRA.

Notable similarities between the NRC IFPRA and the comparison plant internal flooding results
are observed:

¢ Both internal flooding PRAs have significant contributions from service water flood sources.
These flood scenarios limit the availability of service water that is used to support the
mitigating systems needed to respond to the plant transient.

2 The Standardized Plant Analysis Risk (SPAR) models are SAPHIRE-based nuclear power plant PRA models
primary used by the NRC to support risk assessments performed as part of the Significance Determination Process
(SDP), Accident Sequence Precursor (ASP) Program, Management Directive (MD) 8.3, “Incident Investigation
Program,” and evaluation of notices of enforcement discretion (NOEDs). The individual plant evaluation (IPE) models
are nuclear power plant PRA models for internal events and internal floods prepared by licensees in response to
Generic Letter (GL) 88-20, “Individual Plant Examination for Severe Accident Vulnerabilities - 10 CFR 50.54(f),” dated
November, 23, 1988.
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Both internal flooding PRAs have significant contributions from accident sequences that
initiate with a flood event and subsequent failure(s) resulting in RCP seal LOCA.

The comparison plant’s internal flooding CDF is similar to that of NRC IFPRA. The comparison
plant’s internal flooding CDF is 3.4x107 per reactor-critical-year compared to the NRC IFPRA
value of 7.9x107 per reactor-critical-year. While both plants have similar overall internal flooding
results and both have significant contributions form service water pipe failures, the contributions
due to other types of flooding scenarios are different. The following differences are noted:

Other significant internal flooding contributors to the NRC IFPRA are scenarios involving
pipe failures in the main steam valve rooms resulting in spurious operation of an
atmospheric relief valve. The comparison plant does not include any type of similar internal
flooding scenario.

After the service water-related flooding scenarios, the next highest contributing scenarios in
the comparison plant’s internal flooding PRA is a failure of ECCS-related piping in the
auxiliary building resulting in unavailability of the RWST and other ECCS equipment. This is
comparable to the NRC IFPRA flooding scenario 1-FLI-AB_D78_FP, which involves failure
of RHR system piping in the auxiliary building. The biggest difference between the
comparison plant scenario and the NRC IFPRA scenario is the initiating event frequency.
The NRC IFPRA has a significantly lower frequency for the similar scenario (3.6x107 per
reactor-critical-year versus 2.7x107 per reactor-critical-year for the comparison plant).
However, this comparison does not evaluate the many factors that can influence the
initiating event frequency estimates (e.g., size of the flood source piping system or plant-
specific operating experience). This level of detail was beyond the scope of this comparison
of model results.

Both the NRC IFPRA and the comparison plant modeled turbine building internal flooding
scenarios. The CDF results for turbine building flooding is similar for both models. In both
models the turbine building floods are characterized by high initiating event frequencies and
low conditional core damage probabilities. This results in a modest contribution to overall
internal flooding CDF. The modeled impacts of the flooding scenario are also similar in both
models. The turbine building floods result in unavailability of the main condenser and loss of
instrument air.

The NRC IFPRA appears to include a broader range of internal flooding scenarios with
different flooding sources, locations and impacts. The NRC IFPRA includes 23 modeled
internal flooding scenarios and many other scenarios that were assessed quantitatively and
screened. The comparison plant’s internal flooding PRA includes eight modeled flood
scenarios with five of the eight involving floods related to service water pipe failures.

The comparison plant’s initiating event frequencies for similar types of flooding scenarios
are greater than those for the NRC IFPRA. The comparison plant’s significant cut sets
include flooding scenarios with frequencies of 2.7x10 per year and 1.0x10° per year.
Similar scenarios in the NRC IFPRA model have frequencies of less than 3x10* per year.

The differences in the internal flooding PRA results for the comparison plant and NRC IFPRA
results appear to be reasonable given the differences in the models’ scopes. The two models
include service water failure flooding and turbine building flooding scenarios that show similar
impacts and similar CDF results. Both models have significant contributions from RCP seal
failures that occur after the flooding initiating event. The two models have differences in the
other types of internal flooding scenarios that are modeled. The differences in screening of
flood areas and flood sources, initiating event frequencies, and modeling of flooding impacts
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may be driven by many factors, including: locations and lengths of piping at the plants,
equipment locations, physical layout of plant rooms, and flood mitigation features (i.e., curbs,
drains, doors, etc.). Confirmation of these plant differences is beyond the scope of the NRC
IFPRA study.

4.7. Key Insights

This section discusses the key insights obtained from the L3PRA Level 1 model for internal
flooding (i.e., the IFPRA model).

The total internal flooding CDF results show that internal flooding scenarios are not a dominant
risk contributor for the reference plant, compared to other internal and external hazards. The
total internal flooding CDF is approximately 1 percent of the internal events CDF (as reported in
Ref. IF- 16). Both failure of RCP seal cooling and consequential LOOP events contribute
significantly to the dominant internal flooding accident sequences. Other important contributors
to the internal flooding results are service water failures, which act as a flooding source and also
impact the availability of accident mitigating equipment to respond to the event. Additional key
insights are discussed below. Note that many of these insights are not solely relevant to this
project, but likely affect internal flooding PRAs at other plants.

Consequential Loss of Offsite Power

A consequential LOOP can occur in response to a reactor trip or other plant transients as
electrical loads are transferred to power sources supplied from the offsite grid. The IFPRA
model adopts the same consequential LOOP modeling approach as described in the internal
events Level 1 PRA model report (Ref. IF- 16). The basic event representing consequential
LOOP following a reactor trip (basic event 1-OEP-VCF-LP-CLOPT) contributes approximately
28 percent to the total internal flooding CDF. As discussed in the sensitivity analysis in Section
4.5.9, the consequential LOOP modeling may overestimate the risk for flooding scenarios that
would not result in an immediate plant trip. If operators initiate a controlled plant shutdown, then
this would not cause the same stresses on the electrical system as a reactor trip or other plant
transients. Assuming a reactor trip occurs for these flooding scenarios is a modeling
simplification. The same simplifying assumption is used in the reference plant’s internal flooding
PRA. While most PRAs rely on some simplifying assumptions, as the impacts of these
assumptions become significant, it is important to reevaluate the assumptions and strive for
realism in the modeling.

Reactor Coolant Pump Seal Failure

Failures that result in loss of RCP seal cooling and lead to a small LOCA are significant
contributors to the internal flooding CDF. However, not reflected in this model are the improved
passive shutdown RCP seals at the reference plant. The inclusion of these seals can have a
significant effect on the model results, decreasing the total internal flooding CDF by
approximately 19 percent. The impacts of the improved RCP seals are discussed in the
sensitivity case in Section 4.5.4.

Service Water Failures as a Flood Source

Several of the significant internal flooding scenarios involve failures of service water piping. The
service water failures have important contributions both as a flood initiator and impacting
accident mitigation capabilities. Several safety significant systems (e.g., ECCS and emergency
diesel generators) depend on service water for successful operation. Also, the evaluation in
EPRI’s report on pipe rupture frequencies (Ref. IF- 9) suggests that service water pipe failure
rates tend to be relatively high compared to those of other piping systems.
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Internal Flooding Initiating Event Frequencies and Uncertainty

The internal flood initiating event frequency estimates are a significant factor in assessing the
uncertainty of the internal flooding CDF results. Section 4.5.1 discusses sensitivity cases
performed to evaluate the impacts of initiating event frequency uncertainty. The approach for
estimating internal flooding initiating event frequencies is discussed in Appendix A.

The frequency analysis is based on the approach described in EPRI’s pipe rupture frequency
report (Ref. IF- 9). That report provides a systematic approach for estimating flooding
frequencies based on system type, pipe size, failure mechanism, and other attributes. The
report also provides a thorough assessment of industry-wide pipe failure and flooding operating
experience; however, this operating experience is limited to the time frame available when the
report was published. At the time of this study, Revision 3 of the EPRI report was available.
Revision 3 evaluates piping operating experience through 2008 for most systems, though some
systems include data through portions of years 2009 and 2010. For circulating water expansion
joints, an important flooding source, the data are limited to 2004 and earlier. Revision 3 of the
EPRI report shows comparisons of the failure rates for different piping systems that were
calculated in the 2010 study and those calculated in an earlier revision in 2006. Many significant
flooding sources show increased failure rates over this time frame. An ongoing piping data
collection and analysis arrangement would be helpful to ensure that the most relevant data are
being used in initiating event frequency analysis. This ongoing analysis of piping failure data is
important, not only for the industry-wide results that are reported by EPRI, but also for
incorporating plant-specific experience into the failure rate and flood frequency estimates.

There are many modeling choices in the initiating event frequency analysis that can introduce
uncertainty. The evaluation of plant-specific data can have important impacts on the frequency
estimates. Several modeling questions can arise. Are there consistent approaches for how the
plant-specific data are defined as pipe failures and flood occurrences? Are there consistent
approaches for evaluating pipe size categories, effective break sizes, and the total feet of
system piping at the plant? How is uncertainty in these choices being incorporated into the
frequency estimates? Other areas of uncertainty can include the choices of prior data to use for
plant-specific updates and the statistical models used to represent the frequency distributions.
Overall there are several modeling choices that introduce uncertainty in the frequency
estimates. Although the EPRI report lays out a systematic framework for evaluating flooding
frequencies, a plant-specific application of that framework involves many modeling choices that
contribute to uncertainty.

Impact of Intiating Event Frequency Analysis on Internal Flooding Results

As discussed above, the initating event frequency analysis is an important part of the IFPRA
model. An example of the impact that the initiating event frequency analysis has on the model
results can be seen by the importance of the flooding scenarios involving spray events in the
main steam valve rooms (scenarios 1-FLI-AB_108_SP1, 1-FLI-AB_108_SP2, 1-FLI-
CB_122_SP, and 1-FLI-CB_123_SP). These scenarios have significant contributions to the
overall internal flooding CDF.

These spray scenarios have relatively large initiating event frequencies compared to other
internal flooding scenarios. Three key areas are identified that influence the initiating event
frequency analysis for these scenarios:

e The scenarios model spray events, which are associated with small break sizes and
small break flow rates. These scenarios generally have higher failure rates compared to
larger flood events.
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¢ In some internal flooding analyses, a spray direction factor is applied to reduce spray
frequency. This approach assumes that some sprays will be directed away from
susceptible equipment and cause no damage. For the spray scenarios modeled in the
NRC IFPRA, there was not sufficient information available to support the application of a
spray direction factor. However, the impact of a spray direction factor is assessed in a
sensitivity study (Section 4.5.7).

¢ Plant-specific operating experience is incorporated, which results in a failure rate that is
higher than the generic failure rate reported in the EPRI pipe rupture frequency report
(Ref. IF-9). A summary of the approach for incorporating plant-specific experience is

provided in Appendix A.

These factors combine to result in relatively large initiating event frequencies for the main steam
valve room spray scenarios.

Electrical Power Distribution Equipment in Flooding Scenarios

Safety-related electrical distribution equipment (e.g., switchgears, breakers, and motor control
centers) are often important risk contributors in PRA models. Protecting this equipment from
flooding impacts is an important aspect of internal flooding risk. This study identifies five internal
flooding scenarios where safety-related electrical equipment is impact by flooding (scenarios 1-
FLI-CB_A48, 1-FLI-AB_D74 _FP, 1-FLI-AB_D78 FP, 1-FLI-DGB_101_LF, and 1-FLI-
DGB_103_LF). The risk significance of these scenarios is relatively low compared to other
internal flooding and internal event accident scenarios. These results suggest the flood
mitigation features at the reference plant are generally effective in limiting the flooding impacts
to electrical equipment. However, the impacts could be more significant if more pressimistic
assumptions are made regarding flood propagation. These alternative assumptions are
explored in the sensitivity cases discussed in Section 4.5.5 and Section 4.5.6. Also, the internal
flooding risk associated with impacting electrical equipment can be significant at other plants, if
good flood mititgation features are not present. Examples of good flood mitigation features
include (1) separation of flood sources from risk-significant equipment; (2) separation of
redundant trains; and (3) the use of curbs and drains, and mounting equipment on raised
pedestals, to limit impacts from flood propagation.

Turbine Building Flooding

The turbine building can be an important contributor to internal flooding risk. The flood sources
located in this area (e.g., circulating water system, main steam lines, feedwater lines) have the
potential to produce very large floods, and there are many flood sources in the area. One of the
highest flood initiating event frequencies in this study is associated with a turbine building flood
scenario (1-FLI-TB_500_LF). Despite the high initiating event frequency, the CDF results of the
turbine building flood scenarios are relatively low compared to other internal flooding and
internal event accident scenarios. The CCDP values for turbine building flood scenarios are
lower than the CCDP values for other internal flooding scenarios, as is shown in Table 4.1. Yet,
the turbine building flood sources may be more important for internal flooding PRAs for other
plants. The impacts on equipment that is located in the turbine building, or equipment that can
be impacted by flood propagation, will depend on the specific plant design and layout.
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APPENDIX A: FLOOD INITIATING EVENT FREQUENCY ANALYSIS
A.1. Initiating Event Frequency Analysis Approach

The initiating event frequency analysis was based on the approach described in EPRI’s “Pipe
Rupture Frequencies for Internal Flooding PRAs, Revision 3” (IE- 9). The initiating event
frequency, f, for a given pipe break flooding scenario is given by the following expression,

f=1 xg*pipe xppipe(RIF) (1]

where, [ is the length of pipe (in feet) located in the flood area.
Apipeis the failure rate of the pipe per feet-critical reactor year.

Ppipe(R[F) is the conditional rupture probability given pipe failure.

Similarly, the initiating event frequency can be expressed in terms of component failures that
may be relevant to a flood scenario (e.g., failure of rubber expansion joints.)

f =n X lcomponent X Pcomponent (RlF) [2]

where, n is the number of components located in the flood area.
AcomponentiS the failure rate per component-critical reactor year.

Peomponent(R[F) is the conditional rupture probability given component failure.

The EPRI report provides generic failure data for different types of plant systems. The data were
further categorized in terms of the severity of pipe failure (e.g., wall thinning, pinhole leak, leak,
maijor structural failure) and pipe size. The category definitions may vary depending on the type
of system. The generic data and failure rates in the report were used to develop prior
distributions for the pipe (or component) failure rates and conditional rupture probabilities.

The prior distributions were updated with plant-specific data. The plant-specific data considered
for the NRC IFPRA cover the period from January 1, 1990 through December 31, 2012. The
plant-specific flooding date are shown in Table A.1-1. The plant-specific data were taken from
the following sources:

¢ Plant-specific operating experience submitted to the CODAP international database (Ref. IF-
10) covering data collected and analyzed through December 2012.

e Search of plant-specific Licensee Event Reports (LERSs) for events including “leak”,
“leakage”, or “flood” in the title through December 2012.

¢ [INL’s NROD site, which includes plant-specific EPIX records through December 2012 (Ref.
IF-11).
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Table A.1-1  Plant-Specific Flooding Events
Pri\loemsl?za; / Non Spray | Flooding Major
System DP Through | (100 | (100-2000 | Flooding (>
iameter
(in.) Wall gpm) gpm) 2000 gpm
NPS <2 0 0 0 0
2<NPS <4 5 1 0 0
NSCW
4 <NPS <10 0 0 0 0
NPS > 10 0 0 0 0
NPS <4 0 1 0 0
Fire protection 4<NPS<6 0 0 0 0
NPS > 6 0 0 0 0
Circulating water pipe NPS > 24 0 0 0 0
Circulating water expansion joints > 24 0 0 0 0
Component cooling water; applicable to NPS <2 0 0 0 0
other closed, low temp., low-pressure 2<NPS<6 0 0 0 0
water systems NPS > 6 0 1 0 0
RWST piping (includes CVCS, SI, CS 2<NPS=<9 0 ! 0 0
piping (includes 9l G,
and RHR piping outside containment) 6 <NPS <10 0 0 0 0
NPS > 10 0 0 0 0
NPS <2 2 0 0 0
(PWR) Condensate and feedwater 2<NPS<10 3 1 0 0
NPS > 10 0 0 0 0

Another input into the plant-specific update of flood data was the plant’s system pipe length for
the various pipe size categories defined in Table A.1-1 above. For this study, generic pipe
lengths are used based on the generic system sizes given in References IF- 8 and IF- 9. The
system pipe lengths are given in Table A.1-2. A lognormal distribution with an error factor of 3
was assumed for the system pipe lengths to account for uncertainty in the generic estimates.

Table A.1-2 Generic Pipe Lengths Used for Reference Plant Systems

System Nominal Pipe 5th Median | Mean 95t
Size / percentile pipe pipe | percentile
Diameter (in.) length | length
NSCW NPS <2 311 933 1166 2799
2<NPS =<4 138 414 517 1242
4 <NPS <10 451 1354 1692 4062
NPS > 10 2103 6307 7883 18919
Fire protection NPS <4 1004 3012 3765 9035
4<NPS<6 640 1920 2400 5759
NPS > 6 463 1390 1737 4170
Circulating water pipe NPS > 24 333 1000 1250 3000
Circulating water expansion joints > 24 12 expansion joints
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System Nominal Pipe 5th Median | Mean 95t
Size / percentile pipe pipe | percentile
Diameter (in.) length | length
Component cooling water; applicable to NPS <2 not estimated®
other closed, low temp., low-pressure 2<NPS <6 366 1099 1374 3297
water systems
NPS > 6 2844 8532 10664 25593
RWST piping (includes CVCS, SlI, CS, 2<NPS<6 1340 4020 5024 12059
and RHR piping outside containment) 6 < NPS < 10 4467 13400 | 16748 40196
NPS > 10 3127 9380 11723 28137
(PWR) Condensate and feedwater NPS <2 not estimated®)
2<NPS=<10 1520 45600 | 5699 13679
NPS > 10 4679 14037 | 17544 42107

Notes:
(1) Data for 2” < NPS < 6” are used as a surrogate for CCW pipe sizes < 2”.
(2) This pipe size category is not estimated and does not contribute to frequency estimates in this study.

(3) The most recent available estimate for pipe lengths for PWR feedwater and condensate systems
was obtained from Table 5-3 of |IF- 9. The median length for pipes > 10 in. diameter is given as 14,037
ft. This length is also estimated to be the upper bound for pipe sizes between 2 and 10 in. An estimated
length for all feedwater and condensate pipes > 2 in. is given as 18,597 ft. in a previous revision (IF- 8,
Table 4-22). For this study the median length for sizes between 2 and 10 in. is given by 18,597 ft —
14,037 ft = 4,560 ft. Assuming an error factor of 3 gives an upper bound for this size range that is
similar to the upper bound indicated in Table 5-3 of IF- 9.

Analyst judgment was exercised to determine the appropriate statistical models to use for the
initiating event frequencies in the NRC IFPRA. The NRC’s “Handbook of Parameter Estimation
for Probabilistic Risk Assessment”, NUREG/CR-6823 (IF- 12), was referenced for guidance in
selecting distributions and performing Bayesian updates. Failure rates were assumed to have a
gamma uncertainty distribution. The failure rate data were assumed to be exponential. A
Poisson likelihood function was used. A constrained noninformative prior distribution was used
with the prior mean taken from the generic estimates in the EPRI report (IF- 9). Conditional
rupture probabilities were assumed to have a beta uncertainty distribution. The data were
assumed to be binomially distributed. A beta prior distribution was used with parameters
selected based on analyst judgment.

A Gibbs sampling process was used to generate the combined initiating event frequency
posterior distributions. The sampling was performed using the OpenBUGS version 3.2.2
software. For each frequency estimate, 10,000 samples were run. Sampling simulations were
performed for two separate chains. Trace history plots of the two sampling chains were
reviewed for evidence of parameter convergence. The sampling process produces an empirical
posterior distribution. The resulting empirical distribution was expected to resemble a gamma
distribution based on the choice of prior distribution for the failure rates. Also, gamma
distributions are routinely used to model initiating event frequency uncertainty distributions.
Gamma function parameters were fit to the empirical distribution using a maximum likelihood
estimate approach. The fit was performed using the R statistical computing environment (64-bit
version 2.15.2) with the MASS function package. The fitted gamma distribution parameters were
used to specify the mean initiating event frequencies and shape parameters in the NRC IFPRA
model.
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The plant-specific reactor years of operation were estimated for the operating period from
January 1, 1990 to December 31, 2012, based on a capacity factor of 0.9078 to estimate critical
years for the NRC IFPRA. This yielded a combined estimate of 41.76 critical years for units 1
and 2. If an estimate of frequency per calendar year was desired, then the capacity factor can
be used to scale the frequency estimate. Assume that F is a random variable representing the
initiating event frequency that has a gamma distribution and is estimated based on number of
critical reactor years. The distribution is characterized by two parameters: the mean value and
the shape parameter, a. The capacity factor, ¢, can be applied to scale the initiating event
frequency distribution as shown below. The mean value is scaled by ¢ and the shape parameter
is unchanged.

F ~gamma(aq,P)
mean(F) = o/

Applying a capacity factor, c, yields:

cF ~gamma(a,f/c)
mean(cF) = ca/f = ¢ x mean(F)

Two of the modeled internal flooding scenarios (scenario TB_500_HI1 and TB_500_HI2) use
initiating event frequencies that were based on a combination of human error probabilities using
the assumptions of the reference plant’s internal flooding PRA model. For these scenarios the
uncertainty distribution parameters were selected based on the authors’ judgment and common
practices used for HEP uncertainty analysis. See A.9 for additional details.

The results of the NRC IFPRA initiating event frequency analysis are shown in Table A.1-3.

Table A.1-3 Internal Flooding Scenario Initiating Event Frequencies

Scenario Name Mean IE frequ_e_ncy Shape 5th Median g5th
per reactor-critical- | parameter or . .
year error factor percentile value percentile
1-FLI-AB_108_ SP1 2.8E-04 2.8 7.3E-05 2.5E-04 6.0E-04
1-FLI-AB_108 SP2 2.8E-04 2.8 7.3E-05 2.5E-04 6.0E-04
1-FLI-AB_A20 2.7E-04 2.6 6.3E-05 2.4E-04 5.9E-04
1-FLI-AB_A20_FP 2.3E-05 2.3 4.6E-06 1.9E-05 5.2E-05
1-FLI-AB_BO08 LF 7.7E-06 0.38 5.3E-09 2.5E-06 3.2E-05
1-FLI-AB_B24 LF2 3.5E-06 0.35 1.5E-09 1.1E-06 1.5E-05
1-FLI-AB_B50_JI 3.4E-06 0.67 4.8E-08 1.9E-06 1.1E-05
1-FLI-AB_C113_LF1 2.2E-04 0.95 9.9E-06 1.5E-04 6.9E-04
1-FLI-AB_C115_LF 1.3E-04 0.89 4.7E-06 8.7E-05 4.2E-04
1-FLI-AB_C118_LF 7.5E-06 0.38 4.7E-09 2.6E-06 3.2E-05
1-FLI-AB_C120_LF 1.8E-04 0.93 7.6E-06 1.2E-04 5.5E-04
1-FLI-AB_D74 _FP 8.6E-06 0.43 1.4E-08 3.4E-06 3.5E-05
1-FLI-AB_D78_FP 3.6E-07 0.35 1.7E-10 1.1E-07 1.6E-06
1-FLI-CB_122_SP 2.8E-04 2.8 7.1E-05 2.5E-04 5.9E-04
1-FLI-CB_123_SP 2.8E-04 2.8 7.1E-05 2.5E-04 5.9E-04
1-FLI-CB_A48 9.2E-05 0.98 4.8E-06 6.4E-05 2.8E-04
1-FLI-CB_AB0 5.2E-05 0.97 2.3E-06 3.5E-05 1.6E-04
1-FLI-DGB_101_LF 7.3E-06 0.37 4.1E-09 2.2E-06 3.2E-05
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Table A.1-3 Internal Flooding Scenario Initiating Event Frequencies

Scenario Name Mean IE frequ_e_ncy Shape 5th Median g5th

per reactor-critical- | parameter or . .
percentile value percentile
year error factor

1-FLI-DGB_103_LF 7.3E-06 0.37 4.1E-09 2.2E-06 3.2E-05

1-FLI-TB_500_HI1 9.4E-05 12.5 2.3E-06 2.9E-05 3.6E-04

1-FLI-TB_500_HI2 9.4E-05 12.5 2.3E-06 2.9E-05 3.6E-04

1-FLI-TB_500_LF 2.2E-03 0.75 4.9E-05 1.3E-03 7.2E-03

1-FLI-TB_500_LF-CDS 6.3E-04 2.3 1.4E-04 5.5E-04 1.4E-03

A.2. Initiating Event Frequencies for Scenarios 1-FLI-CB_122_SP and
1-FLI-CB_123_SP

Both rooms CB_122 and CB_123 contain the same contributing flood source pipes and the
same length of pipe. The only piping in these rooms that contributes to the flooding estimate
was a 10-inch diameter FW pipe with a length of 75 feet. Steam lines located in these rooms
were not considered to contribute to the spray in this flooding scenario. Impacts due to main
steam line breaks were modeled as separate initiating events. The flood sources used to
estimate the initiating event frequencies for scenarios 1-FLI-CB_122_SP and 1-FLI-CB_123_SP
are summarized in Table A.2-1. The initiating event frequency that was quantified in this section
was applied to both rooms.

Table A.2-1 Flood Sources 1-FLI-CB_122_SP and 1-FLI-CB_123_SP

- . Pipe Size Pipe Length
Building | Flood Area Designator |Flood Source (inch) (feet)

CB 122 CB_122_ SP |FW 10 75

CB 123 CB_123 SP |FW 10 75

The conditional rupture probability was estimated from data provided in Table 5-1 of Ref. |F- 9.
The data from the period 1988-2008 were selected for this estimate because the period aligns
closely to the reference plant’s operating history, and it was the most recent data available for
feedwater and condensate piping. A rupture in this flooding scenario can include spray events
resulting from effective break sizes that were less than the nominal pipe size of 10 in. The
conditional rupture probability includes both rupture events and leak events as both types of
events were deemed relevant for the sprays considered in this scenario. The parameters used
to estimate the conditional rupture probability for scenarios 1-FLI-CB_122_SP and 1-FLI-
CB_123_SP are summarized in Table A.2-2.

Table A.2-2 Conditional Rupture Probability Parameters 1-FLI-CB_122_SP and 1-FLlI-

CB_123_SP
Beta prior alpha prior | beta prior | Reference Notes
distribution 1 9 Based on judgment of the analyst.
ruptures failures
Evidence Data for FWC 2” < NPS < 107, 1988-
24 57 IF-9 Table 5-1 2008, includes leaks and ruptures
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The failure rate for feedwater and condensate piping was estimated in |F- 9 in Table 5-6 for pipe
sizes < 10 in. The mean value of the failure rate prior distribution was assigned the value
3.16x10%, which was given for pipe sizes < 10 in. A constrained noninformative gamma
distribution, as defined in IF- 12, is used as the prior. The estimated feet of condensate and
feedwater piping was taken from Table A.1-2 above. A lognormal distribution with an error factor
of 3 was assumed for the feet of piping to account for uncertainty in the estimate. The reactor-
critical-years were estimated as described in A.1 above.

A review of reference plant operating experience identified four failures that were relevant to this
scenario. Ultrasonic thickness measurements were performed on selected feedwater and
condensate components in 2000. Twenty-three large-bore components were identified to have
wall thickness measurements that indicated possible wear due to flow-accelerated corrosion.
Based on these measurements and measurements during prior outages, the wall thickness
degradations in three components were determined to be significant enough to require
replacement. All other measured large-bore components were determined to be acceptable for
continued service. The three components that required replacement included:

e A portion of heater drain pump 1B discharge piping
e FW heater 6A shell wall
e Additional portion of heater drain pump 1B discharge piping

These three wall thickness degradations are considered failures for this analysis. The
parameters used to estimate the failure rate for scenarios 1-FLI-CB_122_SP and 1-FLI-
CB_123_SP are summarized in Table A.2-3.

Table A.2-3 Failure Rate Parameters 1-FLI-CB_122_SP and 1-FLI-CB_123_SP

Gamma CNI | alpha prior beta prior | Reference Notes
rior : P
distribution | 05 156228 | F-9 Table 56 beta prior = 0.5/mesvalue.
fai feet - critical
ailures years
Evidence —
4 1 904E+05 Tables A.1-1 and A.1- | 4,560 ft of FW/Cond piping, 41.76

2, CODAP database critical years

The initiating event frequency estimate for internal flooding scenarios 1-FLI-CB_122 SP and 1-
FLI-CB_123_SP is shown in Table A.2-4.

Table A.2-4 Initiating Event Frequency Estimate for 1-FLI-CB_122_SP and 1-FLI-

CB_123_SP
Mean value Shape parameter 5t percentile Median value 95! percentile
2.78E-04 2.82 7.12E-05 2.47E-04 5.91E-04

A.3. Initiating Event Frequencies for Scenarios 1-FLI-AB_108_SP1
and 1-FLI-AB_108_SP2

For room AB_108 due to a wall partition spray can only impact the SG1 or SG4 valves. It is
assumed that half of the time the source pipe rupture will result in spray scenario 1 (impacting
the SG1 valves) and the other half will result in spray scenario 2 (impacting the SG4 valves),
that is, the initiating event frequency for each scenario is one-half of the total pipe rupture
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frequency. Steam lines located in these rooms were not considered to contribute to the spray in
this flooding scenario. Impacts due to main steam line breaks were modeled as separate
initiating events. The flood sources used to estimate the initiating event frequencies for
scenarios 1-FLI-AB_108_SP1 and 1-FLI-AB_108_ SP2 are summarized in Table A.3-1. The
initiating event frequency that is quantified in this section was applied to both rooms.

Table A.3-1 Flood Sources 1-FLI-AB_108_SP

Building | Flood Area Designator |Flood Source Pigﬁcshi)ze Pipe(:f::tl;gth

AB 108 AB_108_SP |ACCW 10 50
ACCW 8 20
FW 10 150

The conditional rupture probability for feedwater and condensate piping was estimated from
data provided in Table 5-1 of I[F- 9. The data from the period 1988-2008 were selected for this
estimate because the period aligns closely to the reference plant’s operating history, and it is
the most recent data available for feedwater and condensate piping. The data for feedwater and
condensate nominal pipe sizes between 2 and 10 in. were used. The conditional rupture
probability for auxiliary CCW piping was estimated from data provided in Table 4-2 of EPRI’s
flooding frequency report (IF- 9). The failure data in EPRI’s flooding frequency report span the
period from January 1970 through March 2010. Data for all CCW pipe sizes greater than 6 in.
were selected. The conditional rupture probability includes both rupture events and leak events
as both types of events were deemed relevant for the sprays considered in this scenario. The
parameters used to estimate the conditional rupture probability for scenarios 1-FLI-
AB_108_SP1 and 1-FLI- AB_108_SP2 are summarized in Table A.3-2.

Table A.3-2 Conditional Rupture Probability Parameters 1-FLI-AB_108_SP

FW alpha prior | beta prior | Reference Notes

Beta prior

distribution 1 9 Based on judgment of the analyst.

EW ruptures failures

Evidence ) ) Data for FWC 2" < NPS < 107, 1988-

24 >7 IF- 9 Table 5-1 2008, includes leaks and ruptures

ACCW alpha prior | beta prior | Reference Notes

beta prior

distribution 1 99 Based on judgment of the analyst.
ruptures failures

ACCW P

Data for all CCW pipe sizes > 6",

Evidence F-9 )
0 7 IF- 9 Table 4-2 1970-2010.

The failure rate for feedwater and condensate piping was estimated in IF- 9 in Table 5-6 for pipe
sizes < 10 in. The failure rate for CCW piping was estimated in IF- 9 in Table 4-7 for nominal
pipe size of 24 in., which was consistent with the > 6 in. size category. For both systems a
constrained noninformative gamma distribution, as defined in |IF- 12, was used as the prior. The
estimated feet of piping for condensate and feedwater and CCW systems were taken from
Table A.1-2 above. A lognormal distribution with an error factor of 3 was assumed for the feet of
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piping to account for uncertainty in the estimate. The reactor-critical-years were estimated as
described in A.1 above.

A review of reference plant operating experience has identified four failures that were relevant to
this scenario. Ultrasonic thickness measurements were performed on selected feedwater and
condensate components in 2000. Twenty-three large-bore components were identified to have
wall thickness measurements that indicated possible wear due to flow-accelerated corrosion.
Based on these measurements and measurements during prior outages, the wall thickness
degradations in three components were determined to be significant enough to require
replacement. All other measured large-bore components were determined to be acceptable for
continued service. The three components that required replacement included:

e A portion of heater drain pump 1B discharge piping
e FW heater 6A shell wall
¢ Additional portion of heater drain pump 1B discharge piping

These three wall thickness degradations are considered failures for this analysis. In addition,
one CCW failure is identified by the reference plant. The parameters used to estimate the failure
rate for scenarios 1-FLI-AB_108_SP1 and 1-FLI- AB_108_SP2 are summarized in Table A.3-3.

Table A.3-3 Failure Rate Parameters 1-FLI-AB_108_SP

FW Gamma | alpha prior | beta prior |Reference Notes
CNI prior For CNI prior, alpha prior = 0.5
distribution 0.5 158228 IF- 9 Table 5-6 beta prior = 0.5/mean value
failures feet - critical
FW years
Evidence Tables A.1-1 and A.1- | 4,560 ft of FW/Cond piping, 41.76
4 1.904E+05 2, CODAP database critical years
cCw alpha prior beta prior | Reference Notes
Gamma CNI For CNI prior, alpha prior = 0.5
prior dist. 0.5 694444 Ref. IF- 9 Table 4-7 beta prior = 0.5/mean value
failures feet - critical
ccw years
Evidence ipi
Vi 1 3 563E+05 _Refe_rgnce plant 8,5_32 ft of CCW piping, 41.76
identified critical years

The initiating event frequency estimate for internal flooding scenarios 1-FLI-AB_108 SP1 and 1-
FLI-AB_108 SP2 is shown in Table A.3-4.

Table A.3-4 Initiating Event Frequency Estimate for 1-FLI-AB_108_SP

Mean value Shape parameter 5t percentile Median value 95t percentile
2.80E-04 2.83 7.34E-05 2.45E-04 5.95E-04

A.4. |Initiating Event Frequency for Scenario 1-FLI-AB_A20 and 1-FLI-
AB_A20_FP

Scenario 1-FLI-AB_A20 subsumes two reference plant scenarios that impact the feedwater
control and regulating valves located in room A20. The flood sources in room A20 can impact
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the valves by spray or local flooding, but only spray was modeled in scenario 1-FLI-AB_A20.
The flood sources in room A06 can propagate to room A20. Sprays from sources in room A06
do not contribute to the propagation to room A20 and were not applicable to this scenario.

Scenario 1-FLI-AB_A20_FP subsumes two reference plant scenarios related to local flooding
from room A20 sources impacting equipment in room A20 and propagating to rooms A11 and
A12.

Steam lines located in these rooms were not considered to contribute to the flooding scenario.
Impacts due to main steam line breaks being modeled as separate initiating events. The flood
sources used to estimate the initiating event frequency for scenario 1-FLI-AB_A20 are
summarized in Table A.4-1.

Table A.4-1 Flood Sources 1-FLI-AB_ A20

Pipe Size Pipe
Building | Flood Area Designator |Flood Source . Length
(inch)

(feet)
AB A20 AB_A20 FW 8 20
FW 20 40

AB AO6 AB_AO6_FP | Condensate 4 100
Condensate 3 30
Cond Sample Cooler 3 30
Cond Sample Cooler 6 40

The conditional rupture probability for feedwater and condensate piping was estimated from
data provided in Table 5-1 of I[F- 9. The data from the period 1988-2008 were selected for this
estimate because the period aligns closely to the reference plant’s operating history, and it is
the most recent data available for feedwater and condensate piping. For room A20 sources the
8-in. pipe uses feedwater and condensate pipe data in the 2 to 10 in. size category. The 20-in.
pipe uses data in the greater than 10 in. size category. The conditional rupture probabilities for
room A20 sources were separated into sprays and local flooding. The data for leak events were
relevant for sprays, and the data for rupture events were relevant for local flooding. For room
A06 sources (pipe sizes between 3 and 6 in.), the data for nominal pipe sizes between 2 and 10
in. were used. The conditional rupture probability for room A06 sources includes only rupture
events (sprays were not relevant for this room). The parameters used to estimate the
conditional rupture probability for scenarios 1-FLI-AB_A20 and 1-FLI-AB_A20_FP are
summarized in Table A.4-2.

Table A.4-2 Conditional Rupture Probability Parameters 1-FLI-AB_A20 and 1-FLI-

AB_A20_FP
Room A20 alpha prior | beta prior | Reference Notes
Beta prior
distribution 1 9 Based on judgment of the analyst
Room A20 ruptures | failures
Spray ” ”
Evidence 18 57 IF- 9 Table 5-1 Data f(?r FWC 2” < NPS < 107, 1988-
2”<NPS<=10" — 2008, includes leaks only
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ruptures failures
Room A20 Data for FWC 2” < NPS < 10", 1988-
LF Evidence 6 57 IF- 9 Table 5-1 2008, includes ruptures only
2”<NPS<=10"
Room A20 alpha prior | beta prior | Reference Notes
Beta prior Based on judgment of the analyst
distribution 1 9
Room A20 ruptures | failures
Spray Data for all FWC pi i 10
Evidence ) ) ata for a pipe sizes > 10",
NPS > 10" 23 155 1IE-9 Table 5-1 1988-2008, includes leaks only
Room A20 LF ruptures failures
Evidence Data for all FWC pipe sizes > 10",
NPS > 10” 6 155 |IF-9 Table 5-1 1988-2008, includes ruptures only
Room A06 alpha prior | beta prior | Reference Notes
beta prior
distribution 1 9 Based on judgment of the analyst
ruptures failures
Room A06 P
Evidence 6 57 IE- 9 Table 5-1 Data for FWC 2" < NPS < 10", 1988-
— 2008

The failure rate for feedwater and condensate piping was estimated in IF- 9 in Table 5-6 for pipe
sizes <10 in. and in Table 5-7 for pipe sizes > 10 in. The mean value of the failure rate prior
distribution was 3.16x10 for pipe sizes < 10 in. and 5.72x10° for pipe sizes > 10 in. The
estimated feet of piping for the feedwater and condensate systems for > 10 inch pipes was

given in Table 5-3 of |IF- 9 as 14,037 ft. For pipe sizes from 2 in. to < 10 in., Table 5-3 of |[F- 9
indicates that 14,037 ft was an upper bound. The median length for 2 in. to < 10 in. pipes was
estimated to be 4,560 ft, as described in Table A.1-2 above.

A review of reference plant operating experience identified four feedwater and condensate
failures that are relevant to this scenario. The four failures are identified in Table A.1-1 above.
The parameters used to estimate the failure rates for scenarios 1-FLI-AB_A20 and 1-FLI-
AB_A20 FP are summarized in Table A.4-3.

Table A.4-3 Failure Rate Parameters 1-FLI-AB_A20 and 1-FLI-AB_A20_FP

Gamma CNI | alpha prior beta prior | Reference Notes
prior . '
distribution 0.5 158228 IF- 9 Table 5-6 For CNI prior, alpha prior = 0.5,
NPS<=10" ' — beta prior = 0.5/mean value
. feet - critical
. failures
Evidence years
NPS<=10" Tables A.1-1 and A.1- | 4560 ft of FW/Cond piping, 41.76
4 1.904E+05 2, CODAP database critical years
Gamma CNI | alpha prior | beta prior | Reference Notes
prior
distribution ) ) For CNI prior, alpha prior = 0.5,
NPS>10” 0.5 87413 IF- 9 Table 5-7 beta prior = 0.5/mean value
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. feet - critical
) failures
Evidence years
NPS>10” Tables A.1-1 and A.1- | 14,037 ft of FW/Cond piping,
0 5-862E+05 |5 \F 9 Table 5-3 41,76 critical years

The initiating event frequency estimate for internal flooding scenario 1-FLI-AB_A20 is shown in
Table A.4-4.

Table A.4-4 Initiating Event Frequency Estimate for 1-FLI-AB_A20

Mean value

Shape parameter

5t percentile

Median value

95! percentile

2.71E-04

2.63

6.31E-05

2.38E-04

5.93E-04

The initiating event frequency estimate for internal flooding scenario 1-FLI-AB_A20 FP is
shown in Table A.4-5.

Table A.4-5 Initiating Event Frequency Estimate for 1-FLI-AB_A20_FP

Median value
1.93E-05

Mean value Shape parameter

2.27E-05 227

5t percentile
4 .59E-06

95! percentile
5.16E-05

A.5. Initiating Event Frequency for Scenario 1-FLI-CB_AG60

Scenario CB_A60 subsumes three reference plant scenarios that impact the atmospheric relief
valve signal converters located in room A60. The flood sources in room A60 can impact the
signal converters by spray or local flooding. The flood sources in room A59 can propagate to
room A60. Sprays from sources in room A59 do not contribute to the propagation to room A60
and were not applicable to this scenario. The flood sources used to estimate the initiating event
frequency for scenario 1-FLI-CB_A60 are summarized in Table A.5-1.

Table A.5-1 Flood Sources 1-FLI-CB_ A60
Building | Flood Area Designator |Flood Source Pipe Size (inch) Plpt(ef::tr)\gth
CB A59 CB_A59 FP | Fire protection 4 100
CB A60 AB_A60 Fire protection 60
Utility water 1 40

The conditional rupture probability for fire protection piping was estimated from data provided in
Table 3-43 of IF- 9. The data for fire protection nominal pipe sizes less than or equal to 4 in.
were used. The data were based on service experience from 1970 through March 31, 2009. The
conditional rupture probability estimate for room A59 sources includes only major structural
failures. The conditional rupture probability for room A60 sources includes both major structural
failures and leak events as both types of events were deemed relevant for the sprays
considered in this room. The data for fire protection systems includes water hammer events.

The NRC IFPRA uses the service data and frequency estimates for the component cooling
water system for other closed water systems with low temperature and pressure conditions,
such as utility water. The data provided in Table 4-2 of |IF- 9 were used to estimate the
conditional rupture probability for utility water piping. The estimate was based on data for pipe
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diameters less than 2 in. The parameters used to estimate the conditional rupture probability for
scenario 1-FLI-CB_A60 are summarized in Table A.5-2.

Table A.5-2 Conditional Rupture Probability Parameters 1-FLI-CB_ A60

Room A59 | alpha prior | beta prior | Reference Notes
Beta prior
distribution 1 9 Based on judgment of the analyst
ruptures failures
Room A59 .
Evidence 1 35 IF- 9 Table 3-43 Data for NPS <=4’, only MSF
E— events are considered ruptures
Rm A60 FP | alpha prior | beta prior | Reference Notes
beta prior
distribution 1 9 Based on judgment of the analyst
fail
Rm A60 EP ruptures ailures _
Evidence 6 35 IF- 9 Table 3-43 Data for NPS <= 4", includes MSF
E— and leak events
Rm A60 UW | alpha prior | beta prior | Reference Notes
beta prior
distribution 1 9 Based on judgment of the analyst
ruptures failures
Rm A60 UW : : —
Evidence 1 49 IF- 9 Table 4-2 Data for pipe dia. <= 2”, includes

MSF and leak events

The failure rate for fire protection piping was estimated in IF- 9 in Table 3-47 for nominal pipe
size of 4 in. All pipe sizes were considered applicable for this scenario. The mean value of the
failure rate prior distributions were assigned the value 1.23x10° for fire protection piping (4 in.).
The failure rate prior distribution for utility water piping uses the CCW failure rate reported in
Table 4-6 of |IF- 9. The failure rate for the smallest nominal pipe size (6 in.) was used, 4.84x10°.
The estimated feet of piping for fire protection piping was given in IF- 9 Table 3-42. The feet of
CCW piping reported in IF- 9 Table 4-3 was used as a surrogate for utility water. The
parameters used to estimate the failure rate for scenario 1-FLI-CB_A60 are summarized in
Table A.5-3.

Table A.5-3 Failure Rate Parameters 1-FLI-CB_ A60

Rm A59 alpha prior | beta prior |Reference Notes
Gamma : :
CNI prior 0.5 40650 IF- 9 Tables 3-47 For CNI prior, alpha prior = 0.5, beta
distribution ' — prior = 0.5/mean value
failures feet - critical

Rm A59 years
Evidence 0 126E+05 | IF-9 Table 3-42 3012 ft of FP piping, 41.76 critical

' — years
Rm A60 FP | alpha prior | beta prior
Gamma : :
CNI prior 0.5 40650 IF- 9 Tables 3-47 For CNI prior, alpha prior = 0.5, beta
distribution ' — prior = 0.5/mean value

A-12



Table A.5-3 Failure Rate Parameters 1-FLI-CB_ A60

failures feet - critical
Rm A60 FP years
Evidence ipi iti
0 1.96E+05 | IF- 9 Table 3-42 3,012 ft of FP piping, 41.76 critical
— years
Rm A60 alpha prior | beta prior
uw
Gamma For CNI prior, alpha prior = 0.5, beta
CNI prior 0.5 103306 |IF-9 Table 4-6 prior = O.%/méanpvalfe ,
distribution
. feet - critical
failures
Rm A60 years
UV\_I 1,099 ft of CCW was used as a
Evidence 0 45894 IF- 9 Table 4-3 surrogate estimate, 41.76 critical
years

The initiating event frequency estimate for internal flooding scenario 1-FLI-CB_AG0 is shown in
Table A.5-4.

Table A.5-4 Initiating Event Frequency Estimate for 1-FLI-CB_A60

Mean value Shape parameter 5t percentile Median value 95! percentile
5.19E-05 0.971 2.33E-06 3.49E-05 1.55E-4

A.6. Initiating Event Frequency for Scenario 1-FLI-TB_500_LF and 1-
FLI-TB_500_LF-CDS

Scenario 1-FLI-TB_500_LF subsumes two reference plant scenarios that models impacts from
local flooding. Sprays were not applicable to this scenario. The flood area contains 10 different
flood sources. These can be condensed into six flood source categories. The two TPCW piping
sources were grouped, and their failure was based on operating experience for service water
systems with river water intake sources. The demineralized water source was a clean closed
water system with low temperature and pressure conditions. The service data for component
cooling water were used to estimate the flood frequency for demineralized water. The circulating
water and fire protection sources were each estimated from generic and plant-specific data for
those respective systems. The circulating water expansion joints were treated as a separate
flood source. The failure rate for expansion joints is estimated in terms of component-critical
years, rather than feet-critical years.

The condensate and heater drain piping was grouped as a single flood source category, and
this category was addressed in a separate scenario, 1-FLI-TB_500_LF-CDS. All other flood
sources in the area were included in scenario 1-FLI-TB_500_LF.

The flood sources used to estimate the initiating event frequency for scenarios 1-FLI-
TB_500_LF and 1-FLI-TB_500_LF-CDS are summarized in Table A.6-1.
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Table A.6-1

Flood Sources 1-FLI-TB_500_LF and 1-FLI-TB_500_LF-CDS

o . Pipe Size Pipe Length
Building | Flood Area |Designator | Flood Source (inch) (feet) or #
components
B Fire Zone 500 | TB_500 LF | Circulating water 72 1000
Condensate 24 250
Condensate 48 140
Condensate 10 350
Demin water 10 200
Fire protection 10 900
Heater drain 8 250
TPCW 14 500
TPCW 18 200
Circulating water expansion joints 72 12

The conditional rupture probability for all piping systems was estimated from data provided in |F-
9. Refer to Table A.6-2 for additional details on the data used for these estimates. The most
recent revision of the EPRI internal flooding frequency report (IE- 9) does not include an update
for failure of expansion joints. The failure estimates were based on data provided in the first
revision of the report (IE- 8). The parameters used to estimate the conditional rupture probability
for scenarios 1-FLI-TB_500 _LF and 1-FLI-TB_500 LF-CDS are summarized in Table A.6-2.

Table A.6-2 Conditional Rupture Probability Parameters 1-FLI-TB_500_LF and 1-FLlI-

TB_500_LF-CDS

CW Beta alpha prior | beta prior | Reference Notes

prior

distribution 1 9 Based on judgment of the analyst
ruptures failures

cw Includes all CW data (NPS>30”) from

Evidence 6 20  |IF-9 Table 3-61 1970 through March 2010

Cond/HD alpha prior | beta prior | Reference Notes

beta prior

distribution 1 9 Based on judgment of the analyst
ruptures failures

Cond/HD uptu u

Evidence Includes all FWC 2” < pipe size <= 107,

27<NPS<10” 6 57 IF- 9 Table 5-1 1988-2008

Cond/HD alpha prior | beta prior | Reference Notes

beta prior

distribution 1 9 Based on judgment of the analyst

Cond/HD ruptures failures

A-14




Table A.6-2 Conditional Rupture Probability Parameters 1-FLI-TB_500_LF and 1-FLI-

TB_500_LF-CDS

Evidence Includes all FWC pipe sizes > 10", 1988-
NPS > 10” 6 155 IE- 9 Table 5-1 2008
Demin alpha prior | beta prior | Reference Notes
water
beta prior 1 99 Based on judgment of the analyst
distribution
Demin ruptures failures
water Data for CCW pipe sizes > 6” were used
Evidence 0 7 IF- 9 Table 4-2 as a surrogate. 1970-2010
FP Beta
prior alpha prior | beta prior | Reference Notes
distribution
1 99 Based on judgment of the analyst
FP ruptures failures
Evidence P
1 74 IF- 9 Table 3-43 Includes data for FP NPS > 6”
TPCW
beta prior alpha prior | beta prior | Reference Notes
distribution
1 99 Based on judgment of the analyst
TPCW .
Evidence ruptures failures
Based on PWR operating experience for
0 74 IF- 9 Table 3-5 SW systems with river water intake.
Data for NPS > 10” was used.
Exp Joints
beta prior alpha prior | beta prior | Reference Notes
distribution
1 9 Based on judgment of the analyst
Exp Joints .
Evidence ruptures failures
) ) Ruptures include all events resulting in
3 36 IF- 8 Table 4-12 leakage flow > 2000 gpm.

The piping failure rates are estimated using a prior distribution base on the generic mean value
reported in Ref. IF- 9. The prior is updated with plant-specific failure data. The plant-specific
failures relevant to this flood area were obtained from the reference plant, the CODAP database
(IE- 10), and a reference-plant-specific Licensee Event Report that describes failures of NSCW
pump discharge pipes that were relevant to the TPCW failure rate estimate.

The failure rate for expansion joints was taken from |F- 8 Table A-35. The rate for sprays was
used as the generic failure rate for expansion joints. The parameters used to estimate the failure
rate for scenarios 1-FLI-TB_500_LF and 1-FLI-TB_500_LF-CDS are summarized in Table

A.6-3.
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Table A.6-3 Failure Rate Parameters 1-FLI-TB_ 500_LF and 1-FLI-TB_500_LF-CDS

CW Gamma | alpha prior | beta prior | Reference Notes
CNI prior For CNI prior, alpha prior = 0.5, beta
distribution 05 25253 |IF-9 Table3-64 | S0 el :
. feet - critical
failures years
cw 1000 ft of CW piping is reference-plant
Evidence A 3
0 41760 (Ij?:tfaerence plant specific estimate, 41.76 critical years
FWC 2”-10” | alpha prior | beta prior
Gamma : :
C.NI prior 05 158228 IF- 9 Table 5-6 Fc_>r C_NI prior, alpha prior = 0.5, beta
distribution — prior = 0.5/mean value
failures feet - critical
Cond/HD years
Evidence 4560 ft of FW/Cond piping, 41.76 critical
2”<NPS<10” 4 1.904E+05 I\a:)_l;s A.1-1 and years
Cond >10” alpha prior | beta prior
Gamma For CNI prior, alpha prior = 0.5, beta
CNI prior 0.5 94877 IF- 9 Table 5-7 prior = 0.5/mean value
distribution
. feet - critical
failures
Cond/HD years
Evidence Tables A.1-1 and L
NPS>10" 0 5.862E+05 |A1-2, IF-9 lﬁt%;? f;;n;SFW/Cond piping, 41.76
Table 5-3 y
Demin alpha prior | beta prior
water
Gamma For CNI prior, alpha prior = 0.5, beta
CNI prior 0.5 103306 | IF-9, Table 4-6 prior = 0.%/méanpvall?e ’
distribution
. failures feet - critical
3‘;’:;" years
Evidence 1 3.563E+05 Reference plant | 8,532 ft of CQW was used asa
data surrogate estimate, 41.76 critical years
FP Gamma
CNI prior alpha prior | beta prior
distribution
05 8834 IF- 9 Table 3-49 qu C_NI prior, alpha prior = 0.5, beta
E— prior = 0.5/mean value
FP . feet - critical
. failures
Evidence years
IF- 9 Table 3-42, - ”
0 5.8E+04 reference plant 1’?3;.90|ﬂ of FP piping for NPS>6", 41.76
data critical years
TPCW . .
Gamma alpha prior | beta prior
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Table A.6-3 Failure Rate Parameters 1-FLI-TB_ 500_LF and 1-FLI-TB_500_LF-CDS

CNI prior
distribution
: ) For CNI prior, alpha prior = 0.5, beta
0.5 30675 IF- 9 Table 3-9 prior = 0.5/mean value
TPCW failures feet - critical
Evidence years
0 2.63E+05 |IF-9 Table 3-2 6,037 ft of SW piping, 41.76 critical years
Exp Joints
Gamma alpha prior | beta prior
CNI prior phap P
distribution
05 3571 IF- 8 Table A-35 qu C_NI prior, alpha prior = 0.5, beta
— prior = 0.5/mean value
Exp Joints . feet - critical
: failures
Evidence years
0 501 dR:tfrence plant 12 expansion joints, 41.76 critical years

The initiating event frequency estimate for internal flooding scenario 1-FLI-TB_500_LF is shown
in Table A.6-4.

Table A.6-4 Initiating Event Frequency Estimate for 1-FLI-TB_ 500 _LF

Mean value Shape parameter 5t percentile Median value 95! percentile

2.16E-03 7.49E-01 4.87E-05 1.28E-03 7.18E-03

The initiating event frequency estimate for internal flooding scenario 1-FLI-TB_500_LF-CDS is
shown in Table A.6-5.

Table A.6-5 Initiating Event Frequency Estimate for 1-FLI-TB_ 500_LF-CDS

Mean value Shape parameter 5t percentile Median value 95t percentile

6.32E-04 2.33 1.37E-04 5.48E-04 1.42E-03

A.7. Initiating Event Frequency for Scenario 1-FLI-AB_C113_LF1

Scenario 1-FLI-AB_C113_LF1 models impacts from local flooding. Sprays were not applicable
to this scenario. The flood sources applicable to this scenario were the NSCW pipes located in
the room. Other potential flood sources were located in the room, but those sources were
addressed in other flooding scenarios and were not modeled here. The flood sources used to
estimate the initiating event frequency for scenario 1-FLI-AB_C113_LF1 are summarized in
Table A.7-1.

Table A.7-1 Flood Sources 1-FLI-AB_ C113_LF1

Flood Desianator Flood Pipe Size Pipe Length (feet)
Area 9 Source (inch) or # components

Building
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AB C113 AB_C113_LF1 |NSCW 1.5 120
NSCW 4 120

The conditional rupture probability for all piping systems was estimated from generic data for
PWR raw water service water systems provided in |[F- 9. Table 3-5 of |IF- 9 identifies the number
of failure events for PWR plants with lake suction source. The lake suction source was deemed
applicable to the NSCW system that take suction from cooling towers with makeup water
provided from underground wells. Data was provided for pipe sizes less than 2 in. and sizes
between 2 and 4 in. The parameters used to estimate the conditional rupture probability for
scenario 1-FLI-AB_C113_LF1 are summarized in Table A.7-2.

Table A.7-2 Conditional Rupture Probability Parameters 1-FLI-AB_ C113_LF1

NSCW <2” | alpha prior | beta prior | Reference Notes

Beta prior

distribution 1 99 Based on judgment of the analyst
ruptures failures

NS_CW <27 Based on PWR operating experience

Evidence 0 90 IF- 9 Table 3-5 for SW systems with lake water intake.

Data for NPS < 2” was used.

NSCW 2”-4” | alpha prior | beta prior

Beta prior

distribution 1 99 Based on judgment of the analyst
ruptures failures

NS_CW 27-47 Based on PWR operating experience

Evidence 0 71 IF- 9 Table 3-5 for SW systems with lake water intake.

Data for 2” < NPS < 4” was used.

The failure rate for PWR service water piping was estimated in [F- 9 in Table 3-9 for pipe sizes <
2 in. and for pipe sizes > 2 in. and < 4 in. A constrained noninformative gamma distribution, as
defined in IF- 12, was used as the prior. Six plant-specific NSCW failures were identified as
discussed in a Licensee Event Report. The failures involved welds where a 4-in. bypass line
joins an 18-in. pump discharge line. The failures were deemed applicable to the NSCW pipe
sizes from 2 to 4 in. The estimated feet of PWR service water piping was taken from Table 3-2
of IE- 9. A lognormal distribution with an error factor of 3 was assumed for the feet of piping to
account for uncertainty in the estimate. The reactor-critical-years were estimated as described
in A.1 above. The parameters used to estimate the failure rate for scenario 1-FLI-AB_C113_LF1
are summarized in Table A.7-3.

Table A.7-3 Failure Rate Parameters 1-FLI-AB_ C113_LF1

NSCW < 2”
Gamma . .
CNI prior alpha prior | beta prior | Reference Notes
distribution
0.5 4505 IF- 9 Table 3-9 Fgr C_NI prior, alpha prior = 0.5, beta
— prior = 0.5/mean value
NSCW < 2” . feet - critical
: failures
Evidence years
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0 38962 IF- 9 Table 3-2 O'felulures |dent|f|§d, 933 ft of SW
— piping, 41.76 critical years
NSCw 2”-4”
Gamma alpha prior | beta prior
CNI prior
distribution
05 2538 IF- 9 Table 3-9 Fgr C_NI prior, alpha prior = 0.5, beta
E— prior = 0.5/mean value
NSCW 2”-4” failures feet - critical
Evidence years
6 failures identified, 414 ft of SW
6 17289 IF-9 Table 3-2, LER piping, 41.76 critical years

The initiating event frequency estimate for internal flooding scenario 1-FLI-AB_C113_LF1 is
shown in Table A.7-4.

Table A.7-4 Initiating Event Frequency Estimate for 1-FLI-AB_ C113_LF1

Mean value Shape parameter 5t percentile Median value 95t percentile

2.24E-04 9.45E-01 9.88E-06 1.52E-04 6.88E-04

A.8. Initiating Event Frequency for Scenario 1-FLI-CB_A48

Scenario 1-FLI-CB_A48 models impacts on room A48 from flood water propagating from
adjacent corridor A58. Switchgear room A48 contains no flood sources. All flood sources
applicable to this scenario wre located in corridor A58. The flood sources used to estimate the
initiating event frequency for scenario 1-FLI-CB_A48 are summarized in Table A.8-1.

Table A.8-1 Flood Sources 1-FLI-CB_ A48

Building | Flood Area Designator |Flood Source Pigﬁcii)z € TIP; tgrl:l%:n(:ﬁ?;)
CB A58 CB_A58 FP |Fire Protection 2 60
Fire Protection 4 290
Fire Protection 6 60
Utility water 1 200

The conditional rupture probability for fire protection piping systems was estimated from generic
data in IF- 9. Table 3-43 of |F- 9 identifies the number of failure events fire protection pipes with
nominal pipe sizes less than 4 in. and between 4 and 6 in. The service data for component
cooling water were used to estimate the flood frequency for utility water, which was a clean
closed water system with low temperature and pressure conditions. The failure data for
component cooling water was taken from Table 4-2 of IF- 9. The parameters used to estimate
the conditional rupture probability for scenario 1-FLI-CB_A48 are summarized in Table A.8-2.
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Table A.8-2 Conditional Rupture Probability Parameters 1-FLI-CB_A48

FP < 4” Beta | alpha prior | beta prior | Reference Notes

prior

distribution 1 9 Based on judgment of the analyst
FP < 4” ruptures failures

Evidence 1 35 IF- 9 Table 3-43 Data for NPS < 4” was used.

FP 4”-6” alpha prior | beta prior

Beta prior

distribution 1 9 Based on judgment of the analyst
FP 47-6” ruptures failures

Evidence 1 29 IF- 9 Table 3-43 Data for 4 < NPS < 6” was used.
CCW <2” alpha prior | beta prior

Beta prior

distribution 1 9 Based on judgment of the analyst
CCW < 2” ruptures failures

Evidence 1 49 IF- 9 Table 4-2 Data for NPS < 2” was used.

The failure rates for fire protection piping are estimated in IF- 9 in Tables 3-47 and 3-48 for
nominal pipe sizes of 4 in. and 6 in. The failure rate prior distribution for utility water piping uses
the CCW failure rate reported in Table 4-6 of IF- 9. The failure rate for the smallest nominal pipe
size (6 in.) was used, 4.84x10%. A constrained non-informative gamma distribution, as defined
in IF- 12, was used as the prior. The estimated feet of piping for fire protection piping was given
in IF- 9 Table 3-42. The feet of CCW piping reported in |IF- 9 Table 4-3 was used as a surrogate
for utility water. A lognormal distribution with an error factor of 3 was assumed for the feet of
piping to account for uncertainty in the estimate. The reactor-critical-years were estimated as
described in A.1 above. The parameters used to estimate the failure rate for scenario 1-FLI-

CB_A48 are summarized in Table A.8-3.

Table A.8-3 Failure Rate Parameters 1-FLI-CB_A48

FP<4” alpha prior | beta prior | Reference Notes
Gamma : :
CNI prior 0.5 40650 IF- 9 Tables 3-47 For CNI prior, alpha prior = 0.5, beta
distribution ' — prior = 0.5/mean value
failures feet - critical
FP < 4” years
Evidence 0 1.26E+05 IF- 9 Table 3-42 3,012 ft of FP piping, 41.76 critical
' — years
FP 4”-6” alpha prior | beta prior
Gamma : :
CNI prior 0.5 31447 IF- 9 Tables 3-48 For CNI prior, alpha prior = 0.5, beta
distribution ' — prior = 0.5/mean value
failures feet - critical
FP 4”-6” years
Evidence 0 80179 IF- 9 Table 3-42 1,920 ft of FP piping, 41.76 critical
E— years
alpha prior beta prior
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CCw<2”
Gamma . o
CNI prior 05 103306 | IF-9 Table 4-6 For CNI prior, alpha prior = 0.5, beta
T prior = 0.5/mean value
distribution
failures feety;ca::lstlcal
CCw<2”
Evidence Reference plant 1,099 ft of CCW was used as a
1 45894 information, IF- 9 surrogate estimate, 41.76 critical
Table 4-3 years

The initiating event frequency estimate for internal flooding scenario 1-FLI-CB_A48 is shown in
Table A.8-4.

Table A.8-4 Initiating Event Frequency Estimate for 1-FLI-CB_A48

Mean value Shape parameter 5t percentile Median value 95t percentile
9.21E-05 0.979 4.77E-06 6.42E-05 2.80E-04

A.9. Initiating Event Frequency for Scenarios 1-FLI-TB_500_HI1 and
1-FLI-TB_500_HI2

The initiating event frequency for scenarios 1-FLI-TB_500_HI1 and 1-FLI-TB_500_HI2 were
based on analysis of human error(s) that induce a flooding event. The uncertainty distributions
were assigned based on analyst’s judgment and common practices for HEP uncertainty.

The frequency of the human induced flood scenario 1-FLI-TB_500_HI1 was estimated by
assuming the occurrence of all three of the following events:

o Condenser water box maintenance during plant operation
¢ Maintenance crew failure to properly secure the manway cover(s)
e Operator failure to mitigate the flood scenario

A lognormal distribution was assumed for each event. The mean values and error factors used
for each event is shown in Table A.9-1 below.

Table A.9-1 Events Contributing to Flood Frequency for Scenario 1-FLI-TB_500_HI1

Failure Event g;‘:ﬁgﬂ:‘gﬁ Mean Value FEa'ZtoJr
Condenser maintenance occurs during plant operation Lognormal 9.4E-02 3
Failure to secure manway cover(s) Lognormal 1.0E-02 5
Failure to mitigate flood Lognormal 1.0E-01 5

The frequency of the human induced flood scenario 1-FLI-TB_500_HI2 was estimated by
assuming the occurrence of all three of the following events:

o TPCCW heat exchanger maintenance during plant operation
¢ Maintenance crew failure to properly secure the heat exchanger

¢ Maintenance crew failure to mitigate the flood scenario
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A lognormal distribution was assumed for each event. The mean values and error factors used
for each event is shown in Table A.9-2 below.

Table A.9-2 Events Contributing to Flood Frequency for Scenario 1-FLI-TB_500_HI2

Failure Event Uncertainty Distribution | Mean Value | Error Factor
TPCCW hgat exchanger malntenance Lognormal 0 4E-02 3
occurs during plant operation

Failure to secure heat exchanger Lognormal 1.0E-02 5
Failure to mitigate flood Lognormal 1.0E-01 5

The frequency of the human induced flooding scenario was estimated by the product of the
three events discussed above. As both scenarios were using the same input distribution, the
same resulting frequency distribution was used for both scenarios. The product distribution was
also lognormal. The product distribution is characterized by mean value and error factor given in
Table A.9-3.

Table A.9-3 Initiating Event Frequency Estimate for 1-FLI-TB_500_HI1 and 1-FLlI-

TB_500_HI2
Mean value Error factor 5t percentile Median value 95t percentile
9.4E-05 12.5 2.3E-06 2.9E-05 3.6E-04

A.10. Initiating Event Frequency for Scenario 1-FLI-AB_C120_LF

Scenario 1-FLI-AB_C120_LF models impacts from local flooding. Sprays were not applicable to
this scenario. The flood sources applicable to this scenario were the NSCW pipes located in the
room. Other potential flood sources were located in the room, but those sources were
addressed in other flooding scenarios and were not modeled here. The flood sources used to
estimate the initiating event frequency for scenario 1-FLI-AB_C120_LF are summarized in Table
A.10-1.

Table A.10-1 Flood Sources 1-FLI-AB_C120_LF

Pipe Length (feet)

Building | Flood Area | Designator | Flood Source Pipe Size (inch) or # components

AB C120 AB_C120_LF | NSCW 1.5 70

NSCW 3 100

The conditional rupture probability for NSCW piping system was estimated from generic data for
PWR raw water service water systems provided in [F- 9. Table 3-5 of |F- 9 identifies the number
of failure events for PWR plants with lake suction source. The lake suction source was deemed
applicable to the NSCW system that take suction from cooling towers with makeup water
provided from underground wells. Data was provided for pipe sizes less than 2 in. and sizes
between 2 and 4 in. The parameters used to estimate the conditional rupture probability for
scenario 1-FLI-AB_C120_LF are summarized in Table A.10-2.

Table A.10-2 Conditional Rupture Probability Parameters 1-FLI-AB_C120_LF

alpha prior | beta prior | Reference Notes
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NSCW < 2”
Beta prior 1 99 Based on judgment of the analyst
distribution
ruptures failures
NS_CW <2” Based on PWR operating experience
Evidence 0 90 IF- 9 Table 3-5 for SW systems with lake water intake.
Data for NPS < 2” was used.
NSCW 2”-4” | alpha prior | beta prior
Beta prior
distribution 1 99 Based on judgment of the analyst
ruptures failures
NS_CW 27-47 Based on PWR operating experience
Evidence 0 71 IF- 9 Table 3-5 for SW systems with lake water intake.
Data for 2” < NPS < 4” was used.

The failure rate for PWR service water piping was estimated in [F- 9 in Table 3-9 for pipe sizes <
2 in. and for pipe sizes > 2 in. and < 4 in. A constrained noninformative gamma distribution, as
defined in IF- 12, was used as the prior. Six plant-specific NSCW failures were identified as
discussed in a Licensee Event Report. The failures involved welds where a 4-in. bypass line
joins an 18-in. pump discharge line. The failures were deemed applicable to the NSCW pipe
sizes from 2 to 4 in. The estimated feet of PWR service water piping was taken from Table 3-2
of IE- 9. A lognormal distribution with an error factor of 3 was assumed for the feet of piping to
account for uncertainty in the estimate. The reactor-critical-years were estimated as described
in A.1 above. The parameters used to estimate the failure rate for scenario 1-FLI-AB_C120 LF
are summarized in Table A.10-3.

Table A.10-3 Failure Rate Parameters 1-FLI-AB_C120_LF

NSCW < 2”

Gamm_a alp_ha beta prior | Reference Notes

CNI prior prior

distribution

05 4505 IF- 9 Table 3-9 Eor CNI prior, alpha prior = 0.5, beta prior

— = 0.5/mean value

NSCW < 2” . feet - critical

. failures
Evidence years
0 38962 IF- 9 Table 3-2 0 fallure_slldenhfled, 933 ft of SW piping,

— 41.76 critical years

NSCWw 2”7-4”

Gamma alpha beta prior

CNI prior prior P

distribution

05 2538 IF- 9 Table 3-9 Eor CNI prior, alpha prior = 0.5, beta prior

— = 0.5/mean value

NSCw 2”7-4” . feet - critical

. failures
Evidence years
6 17289 IE- 9 Table 3-2, LER 6 failure_s.identified, 414 ft of SW piping,

— 41.76 critical years
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The initiating event frequency estimate for internal flooding scenario 1-FLI-AB_C120_LF is
shown in Table A.10-4.

Table A.10-4 Initiating Event Frequency Estimate for 1-FLI-AB_C120_LF

Median value
1.20E-04

5th percentile
7.65E-06

Mean value
1.80E-04

Shape parameter
9.26E-01

95! percentile
5.49E-04

A.11.Initiating Event Frequency for Scenario 1-FLI-AB_C115_LF

Scenario 1-FLI-AB_C115_LF models impacts from local flooding. Sprays were not applicable to
this scenario. The flood sources applicable to this scenario awere the NSCW pipes located in
the room. Other potential flood sources were located in the room, but those sources were
addressed in other flooding scenarios and were not modeled here. The flood sources used to
estimate the initiating event frequency for scenario 1-FLI-AB_C115_LF are summarized in Table
A.11-1.

Table A.11-1 Flood Sources 1-FLI-AB_C115_LF

Building | Flood Area | Designator |Flood Source Pipe Size (inch) P'p; Length (feet) or
components
AB C115 AB_C115_LF |NSCW 25 80

The conditional rupture probability for NSCW piping system was estimated from generic data for
PWR raw water service water systems provided in |[F- 9. Table 3-5 of |IF- 9 identifies the number
of failure events for PWR plants with lake suction source. The lake suction source was deemed
applicable to the NSCW system that take suction from cooling towers with makeup water
provided from underground wells. Data was provided for pipe sizes between 2 and 4 in. The
parameters used to estimate the conditional rupture probability for scenario 1-FLI-AB_C115_LF
are summarized in Table A.11-2.

Table A.11-2 Conditional Rupture Probability Parameters 1-FLI-AB_C115_LF

NSCW 2”-4” | alpha prior | beta prior
Beta prior
distribution 1 99 Based on judgment of the analyst
ruptures failures
NS_CW 2747 Based on PWR operating experience
Evidence 0 71 IF- 9 Table 3-5 for SW systems with lake water intake.
Data for 2" < NPS £ 4” is used.

The failure rate for PWR service water piping was estimated in |[F- 9 in Table 3-9 for pipe sizes >
2 in. and < 4 in. A constrained noninformative gamma distribution, as defined in |IF- 12, was
used as the prior. Six plant-specific NSCW failures were identified as discussed in a Licensee
Event Report. The failures involved welds where a 4-in. bypass line joins an 18-in. pump
discharge line. The failures were deemed applicable to the NSCW pipe sizes from 2to 4 in. The
estimated feet of PWR service water piping was taken from Table 3-2 of IE- 9. A lognormal
distribution with an error factor of 3 was assumed for the feet of piping to account for uncertainty
in the estimate. The reactor-critical-years were estimated as described in A.1 above. The
parameters used to estimate the failure rate for scenario 1-FL