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FOREWORD

The American Society of Mechanical Pﬂginpprc (AQ]\/TP\ Board on Nuclear Codes and Standards
(BNCS) and American Nuclear Society (ANS) Standards Board have formed a Joint Committee
on Nuclear Risk Management (JCNRM) to develop and maintain probabilistic risk assessment
(PRA) standards. The JCNRM operates under procedures accredited by the American National
Standards Institute (ANSI) as meeting the criteria of consensus procedures for American National
Standards. The JCNRM holds two formal meetings per year, and users are invited to participate.
Additional information about the JCNRM can be found on its committee page at https:/7/cstools.
asme.org/.

In 2002, ASME issued an initial PRA standard, the scope of which was Level 1'dnd large early
release frequency for internal events at-power for light water reactor (LWR) nuclear power plants.
In 2003 and 2007, ANS issued two other PRA standards, the scopes of which.were external haz-
ards and internal fires at-power for LWR nuclear power plants. In 2008/the‘three standards were
combined into one standard, ASME/ANS RA-5-2008, under the jointauspices of ASME and ANS.
A revision, ASME/ANS RA-Sa-2009 [Addendum (a)], was issued itr2009. The JCNRM came into
existence after Addendum (a) was issued. A second revision was issued in 2013, ASME/ANS
RA-Sb-2013 [Addendum (b)]. This revision was reaffirmed im2018. A Case was issued in 2017,
ASME/ANS RA-S CASE 1, which was an alternative to Patt 5 (Seismic PRA). This was then reis-
sued in 2019, ASME/ANS RA-S CASE 1-1, with only minot corrections.

ASME/ANS RA-5-1.1-2022 is a new edition of the Level 1 PRA Standard that supersedes all
previous revisions. The JCNRM is responsible for ehsuring that this Standard is maintained and
revised, as necessary. This responsibility includes appropriate coordination with and linkage to
other standards under development for related risk-informed applications.

ASME/ANS RA-5-1.1-2022 is a substantial revision of ASME/ANS RA-Sb-2013. The following
major modifications are among those petformed:

* A number of changes have been implemented to strengthen the consistency among technical
elements that are cross-cutting.through different hazards. These changes required, for exam-
ple, revisiting Supporting Requirements (SRs) associated with screening, uncertainty, human
reliability analysis, and-documentation. The screening criteria are now consolidated into a
single set of screening criteria in Part 1.

* Back references from Part to Part (e.g., from Part 4 to Part 2) have been made more consistent,
deliberate, and(@explicit in each Part to facilitate the peer review process.

¢ Significant lessons learned have been gathered in the past few years on hazard PRAs such as
high-winds PRAs and external flooding PRAs that previously had less opportunity for being
piloted{Stich lessons learned have been incorporated in clarifications of the intent of the SRs
for Rar)7 and Part 8.

¢ Cagpability Category III has been removed across the board on the basis that Capability Cat-
egory Il already envisions refined analysis and realism implemented for the risk-significant
elements. Going beyond this, while not discouraged, is not something that needs to be cod-
ified in a standard that is supposed to identify the minimum requirements for a technically
adequate analysis.

* The new edition of this Standard includes a new section in Part 1. Section 1-7 states require-

PRA.

¢ In previous addenda, Nonmandatory Appendix (NMA) 1-A provided examples of “PRA
maintenance” and “PRA upgrades.” These subjects are now being addressed by the Pressur-
ized Water Reactor Owners Group (PWROG). The new NMA 1-A provides meanings for the
action verbs used in SRs. It is provided as an aid to interpret the intent of the SRs, especially
for users for whom English is not the first language.

¢ Key operating definitions such as the definitions of “PRA upgrade” and “PRA maintenance”
havebeen changed. These definitions now agree with the ones presented in PWROG-19027-NP

\%
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(Rev. 2), “Newly Developed Method Requirements and Peer Review,” and endorsed by the
U.S. Nuclear Regulatory Commission via Regulatory Guide 1.200 (Rev. 3), “Acceptability of
Probabilistic Risk Assessment Results for Risk-Informed Activities.” Other definitions have
been revisited for clarity.

Notes and commentaries have been revised to ensure content is still up to date and, for the
most part, are removed from the body of this Standard and located in NMAs associated with
the individual Parts. This relocation emphasizes the concept that notes and commentaries do

TIOT Tepresent formal Tequirements ol this Standard and are provided for mformation. Keler-
ences are also removed from individual SRs and moved to notes as one way to meet the SRs.
All peer review requirements have been consolidated into one section in Part 1 to remove
inconsistencies and duplicated information from different Parts.

The clarification regarding the scope of walkdowns documented in JCNRM Inquiry 20-2435
for Addendum B has been included in the NMAs for all walkdown SRs in this Standard.
(Inquiry  20-2435 available at https://cstools.asme.org/csconnect/ CommitteePages.
cfm?Committee=100186782& Action=40886)

Finally, Part 10 on the Seismic Margin Assessment has been withdrawn fromyrthe Standard
and is therefore removed.

The current edition of this Standard has a significantly larger number of SRs, even though some
have been removed. However, the intent of the overall Standard remains cdnsistent with the pre-
vious versions.

This publication, the 2022 edition of the “Standard for Level 1/Large-Early Release Frequency

Probabilistic Risk Assessment for Nuclear Power Plant Applications,”

7

was approved by the

ASME BNCS and the ANS Standards Board. ASME/ANS RA-5-11142022 was approved by ANSI
on May 11, 2022.
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CORRESPONDENCE WITH THE ASME/ANS JOINT
COMMITTEE ON NUCLEAR RISK MANAGEMENT

General. ASME Standards are developed and maintained with the intent to represent the con-
sensus of concerned interests. As such, users of this Standard may interact with the Committee
by requesting interpretations, proposing revisions or a case, and attending Committee meetings.
Correspondence should be addressed to:

Secretary, ASME/ANS Joint Committee on Nuclear Risk Management, The Amef¥ican Soci-
ety of Mechanical Engineers

Two Park Avenue

New York, NY 10016-5990

http://go.asme.org/Inquiry

Proposing Revisions. Revisions to the Standard are made periodically t6 incorporate changes
that appear necessary or desirable, as demonstrated by the experience.gdined from the applica-
tion of the Standard. Approved revisions will be published periodically.

The Committee welcomes proposals for revisions to this Standard. Such proposals should be
as specific as possible, citing the paragraph number(s), the proposed wording, and a detailed
description of the reasons for the proposal, including any pertinent documentation.

Interpretations. Upon request, the ASME/ANS JCNRM Standards Committee will render
an interpretation of any requirement of the Standard¥Interpretations can be rendered only in
response to a written request sent to the Secretary, of JCNRM.

Requests for interpretation should preferably.be submitted through the online Interpretation
Submittal Form. The form is accessible at http:/7go.asme.org/InterpretationRequest. Upon sub-
mittal of the form, the inquirer will receive an"automatic e-mail confirming receipt.

If the inquirer is unable to use the ontine form, they may mail the request to the Secretary of
JCNRM at the above address. The request for an interpretation should be clear and unambiguous.
It is further recommended that theinquirer submit their request in the following format:

Subject Cite the applicable paragraph number(s) and the topic of the inquiry in one or two words.
Edition Cité the applicable edition of the Standard for which the interpretation is being requested.
Question Phrase the question as a request for an interpretation of a specific requirement suitable for

general understanding and use, not as a request for an approval of a proprietary design or
situation. Please provide a condensed and precise question, composed in such a way that
a “yes” or “no” reply is acceptable.

Proposed Reply(ies) Provide a proposed reply(ies) in the form of “yes” or “no,” with explanation as needed. If
entering replies to more than one question, please number the questions and replies.

Baekgtound Information | Provide the Committee with any background information that will assist the Committee
in understanding the inquiry. The inquirer may also include any plans or drawings that
are necessary to explain the question; however, these materials should not contain
proprietary names or information.

Requests that are not in the format described above may be rewritten in the appropriate format

by the Committee prior to being answered, which may inadvertently change the intent of the ori-
ginal request.

Moreover, ASME does not act as a consultant for specific engineering problems or for the gen-
eral application or understanding of the Standard requirements. If, based on the inquiry infor-
mation submitted, it is the opinion of the Committee that the inquirer should seek assistance, the
inquiry will be returned with the recommendation that such assistance be obtained.

ASME procedures provide for reconsideration of any interpretation when or if additional infor-
mation that might affect an interpretation is available. Furthermore, persons aggrieved by an

vii
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interpretation may appeal to the cognizant ASME committee or subcommittee. ASME does not
“approve,” “certify,” “rate,” or “endorse” any item, construction, proprietary device, or activity.
Attending Committee Meetings. The JCNRM regularly holds meetings and/or telephone con-
ferences that are open to the public. Persons wishing to attend any meeting and/or telephone
conference should contact the Secretary of JCNRM.
Proposing a Case. Cases may be issued to provide alternative rules when justified, to permit
early implementation of an approved revision when the need is urgent, or to provide rules not

"o

covered by existing provisions. Cases are elfective immediately upon ASME approval and shall
be posted on the ASME Committee web page.

Requests for Cases shall provide a Statement of Need and Background Information. The request
should identify the Standard and the paragraph, figure, or table number(s), and be written as a
Question and Reply in the same format as existing Cases. Requests for Cases should also indicate
the applicable edition(s) of the Standard to which the proposed Case applies.

JCNRM Cases may be issued periodically and are available under the “JCNRM CASES"tab in
the lefthand column at https://go.asme.org/JCNRMcommittee.
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PART 1

A LEVEL 1 PRA, INCLUDING
LARGE EARLY RELEASE
FREQUENCY

Section 1-1
Introduction

1-1.1 OBJECTIVE

This Standard states the requirements for probabi~
listic risk assessments (PRAs) used to support risk*in-
formed decisions for commercial light water.reactor
(LWR) nuclear power plants while at-power.

1-1.2 SCOPE AND APPLICABILITY-

This Standard states requiremerits for a Level 1 PRA
of internal and external hazards-while at-power for the
evaluation of core damage-frequency (CDF). In addi-
tion, this Standard states‘séquirements for a limited
Level 2 PRA sufficient\to evaluate large early release
frequency (LERF). Fhe-only hazards explicitly excluded
from the scope are\accidents resulting from purposeful
human-inducéd-security threats (e.g., sabotage, terror-
ism). These requirements are written for operating LWR
power plants (i.e., plants with designs and features sim-
ilar to theplants operating when this Standard was pub-
lislied). They may be used for LWR plants under design
orsconstruction or for advanced LWRs, but revised or

(¢) Internal Fires (Part 4)

(d) Seismic Events (Part 5)

(e) High Winds (Part 7)

() External Floods (Part 8)

(g) Other Hazards (Part 9)

Many of the technical requirements in Part 2|are
fundamental requirements for performing a PRA|for
any hazard group and are therefore relevant to Paft 3,
Part4, Part5, Part 6 (for external hazard screening), Pajt 7,
Part 8, and Part 9 of this Standard. They are included by
reference in those requirements that address the depel-
opment of the plant response to the damage states fre-
ated by the hazard groups addressed in Part 3, Paft 4,
Part5, Part 6, Part 7, Part 8, and Part 9. Their specific 4llo-
cation to Part 2 is partially a historical artifact of the yay
this PRA Standard was developed, with the at-power
internal-events (including internal floods) requirem¢nts
being developed first, and those of the remaining haz-
ard groups being developed later. However, it is al$o a
reflection of the fact that a fundamental understanding
of the plant response to a reasonably complete sef of

additional requirements may be needed.

1-1.2.1 Treatment of Hazard Groups

This Standard states specific requirements for the fol-
lowing hazard groups:

(a) Internal Events (Part 2)

(b) Internal Floods (Part 3)

initiafing events (as defined in section 1-2.2) provides
the foundation for modeling the impact of various haz-
ards on the plant. Thus, even though Part 2 is given a
title associated with the internal-events hazard group,
it is understood that the requirements in this Part are
applicable to all the hazard groups within the scope of
the PRA.

(The text presented in blue font in this Standard comprise hyperlinks to enable efficient access
to referenced sections and elements, requirements, notes, references, etc.)
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1-1.2.2 Hazards and Initiating Events

In using this Standard, it is necessary to understand
the relationship among “hazard group,” “hazard,” “haz-
ard event,” and “initiating event,” which are defined in
Section 1-2.2.

In general, there is a range of hazard events associ-
ated with any given hazard, and, for analysis purposes,

may be that the likelihood of any physical damage
resulting in an automatic trip is very small; for 0.3g and
0.5g seismic events, the most likely effect may be dam-
age to the switchyard or the transmission system, with
a very small likelihood of any seismic induced failures
that could result in any other initiating event; and for
a >0.75g seismic event, in addition to a loss of off-site

thefrange can be divided into bins characterized by their
sevprity. Hazard events of different severity can result
in different initiating events.

(onsider the internal-events hazard group, as this
groip provides the fundamental understanding of
plapt response. As noted above, this hazard group
includes several hazards, such as transients and loss of
coolant accidents (LOCASs), which can be considered as
genferic hazards.

For transients, different transient events, such as
rea¢tor trip and loss of feedwater, can be identified in
tertps of the different demands they place on critical
saf¢ty functions; these demands characterize the events’
sevprity.

Hor LOCAs, the LOCA events applicable to the plant
desfgn might be the large LOCA, medium LOCA, small
LOLA, and so forth. The small LOCA leading to plant
tripl on low pressure or low level is a specific binning
within the range of the generic type of hazard associ-
atedl with LOCAs.

Because the internal-events hazard group serves as
the[fundamental basis for the plant model, the terms
“hagzard events” and “initiating events” are synong
mops, and this structure forms the primary considera-
tior} for the remaining hazard groups.

Hor the remaining hazard groups, the terms “haz-
ard|event” and “initiating event” are not-symonymous.
Rather, a hazard event is identified as the cause of an
initfating event by virtue of the effectiit Has on the plant.
Thq assessment of the effect on thé plant defines the rea-
son| for the plant trip as well ds any additional failures
and provides the starting point for the analysis of the
planpt response. Therefore, in keeping with the defin-
itiop of “initiating event,” for the occurrence of a given
hazard event, the initiating event (or events, as more
thah one outcome;may be possible) is (are) a perturba-
of the steady-state operation of the plant that chal-
lenges plaift{control and safety systems whose failure
d petentially lead to core damage.

are the hazard and also the hazard group. This hazard
(earthquakes) can be defined in terms of a range of seis-
mic (hazard) events (e.g., 0.1g, 0.3g, 0.5g, >0.75g) and
their associated spectral shapes and time histories. The
assessment of the potential initiating events resulting
from each hazard event is made based on an assessment
of the impact of the seismic hazard event on the plant.
So, for example, for a 0.1g seismic event, the assessment

2

power (LOOP), there may be a high likelthood of fail-
ure of vessel or piping anchorage causing an induged
LOCA. Based on such an assessment

(a) A manual scram may be the only credible initiat-
ing event for the 0.1g seismic hazard event.

(b) ALOQOP would be assumed to be ahazard, where-
as a grid-related LOOP would be an initiating event for
the 0.3g and 0.5g seismic hazard evénts.

(c) Inaddition to a grid-related LOOP, a LOCA would
be included as a hazard, whereas a small break LOCA
would be an initiating event for very large (>0.75g)
earthquakes.

When multiple inifiating events are possible, each
will have a conditienal probability of occurrence which,
when combined‘yith the hazard event frequency, pro-
vides the copresponding initiating event frequency.

It is even,‘possible that a hazard event would not
result i An“initiating event (i.e., there would be no per-
turbation of the plant operation). For example, a plant
may.automatically trip (initiating event), may be man-
dally tripped (initiating event), or may continue (no
initiating event) to operate through a hurricane event.
These examples highlight why the distinction between
“hazard event” and “initiating event” is important and
must be maintained.

1-1.3 STRUCTURE FOR PRA REQUIREMENTS
1-1.3.1 PRA Technical Elements

The technical requirements for the PRA model are
organized by their respective PRA technical elements.
The PRA technical elements define the scope of the
analysis for each Part of this Standard. This Standard
specifies technical requirements for the PRA technical
elements listed in Table 1-1.3-1.

1-1.3.2 High-Level Requirements

A set of objectives and High Level Requirements
(HLRs) is provided for each PRA technical element in
the Technical Requirements section of each respective
Part of this Standard. The HLRs set forth the minimum
independent of a PRA application. All HLRs are written
by using “shall.” The HLRs are defined in general terms
and present the overarching context for the derivation
of more detailed Supporting Requirements (SRs). The
general terms used for HLRs represent not only the
diversity of approaches that have been used to develop
the existing PRAs but also the need to accommodate
future technological innovations.
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1-1.3.3 Supporting Requirements

A set of SRs is stated for each HLR (that is included for
each PRA technical element) in the Technical Require-
ments section of each respective Part of this Standard.
All SRs are written by using “action verbs” rather than
“shall.” The meaning of each action verb used in this
Standard is stated in Nonmandatory Appendix (NMA)

consistent (e.g., requirements for event trees are consis-
tent with the definition of initiating event groups).
When a specific PRA application is undertaken, judg-
ment is needed to determine which Capability Category
is needed for each portion of the PRA and, thus, which
SRs apply to the PRA applications.
For each SR, the minimum requirements necessary

1-A.

This Standard is intended for a wide range of PRA
applications that require a corresponding range of PRA
capabilities. PRA applications vary with respect to
which risk metrics are employed, which decision cri-
teria are used, the extent of reliance on the PRA results
in supporting a decision, and the degree of resolution
required for the factors that determine the risk signifi-
cance of the subject of the decision. In developing the
different portions of the PRA model, it is recognized
that not every item (e.g., system model) will require the
same level of detail, the same degree of plant specificity,
or the same degree of realism.

Although the capabilities required for each portion
of the PRA to support a PRA application fall on a con-
tinuum, two levels are defined and labeled Capability
Category I (CC-I) and Capability Category II (CC-II),
so that requirements can be developed and presented
in a manageable way. Table 1-1.3-2 describes, for three
principal attributes of PRA, the bases for defining the
Capability Category. This table was used to develop the
SRs for each HLR.

The delineation of the Capability Categories within
the SRs is generally that the degree of scope and-level of
detail, the degree of plant specificity, and the-degree of
realism (i.e., the depth of the analysis) increase from CC-I
to CC-II. As the Capability Category increases, the depth
of the analysis required also increases. In other cases,
increasing the depth of analysis fhay result in a decrease
in the risk, such as when a ¢ohservative assumption is
refined to be more realistic((e.g., changing from conserv-
ative success criteria to mare realistic success criteria).

The boundary betiveen these Capability Categories
can be defined injenly a general sense. When a com-
parison is made‘between the capabilities of any given
PRA and the-SRs of this Standard, it is expected that the
capabilities:of'a PRA’s elements or portions of the PRA
withinedeh of the elements will not necessarily all fall
withifrthe same Capability Category, but rather will be
distributed among both Capability Categories.

to meet CC-1 and CC-II are defined. Some 5ks apply to
only one Capability Category and some extend) acfoss
both Capability Categories. When an SR spans Hoth
Capability Categories, it applies equally to each Cqpa-
bility Category. When necessary, the. differentiafion
between Capability Categories is madé in other asspci-
ated SRs.

The Technical Requirements Section of each respect-
ive Part of this Standard als¢’specifies the required doc-
umentation to ensure traceability of the analysis.

The SRs specify what'\to do rather than how to dp it,
and, in that sense, specific methods for satisfying|the
requirements are not prescribed. Nevertheless, cerfain
established miethods were contemplated during |the
development.of these requirements. Alternative mgth-
ods and’approaches or newly developed methods| for
meetifigythe requirements of this Standard may be ysed
if they provide results that are equivalent or supefior
taxthe methods usually used and if they meet the HL.Rs
and SRs presented in this Standard. Requirements| for
newly developed methods are provided in Section [1-7.
The requirements for the documentation of any partjcu-
lar method used are established in documentation HL.Rs
for each technical element of each Part, and require-
ments for peer review are described in Section 1-¢. In
addition, any example in the SR body or any NMA or
note is not to be considered the only way to addreps a
supporting requirement.

1-1.4 APPLICABILITY OF PRA TECHNICAL
ELEMENTS

The use of a PRA and the Capability Categories fhat
are required to be met for each of the PRA technical fle-
ments will differ among PRA applications. Section|1-3
describes the activities to determine whether a PRAfhas
the capability to support a specific PRA application of
risk-informed decision-making (RIDM). Two diffefent
PRA Capability Categories are described in Secfion
1-1.3. PRA capabilities are evaluated for each associgted
SR, rather than by specifying a Capability Category| for

hara aaax RPRA_& M et o f3 oo

There-mar-bePRAtechnicalelementsorportionsof
the PRA within the elements, that fail to meet the SRs for
either of these Capability Categories. CC-I requirements
should result in a model that is capable of identifying
the most risk-significant CDF/LERF accident sequences
at a functional or systemic level. CC-II will provide a
realistic assessment of CDF/LERF. Furthermore, the
SRs have been written so that, within a Capability Cat-
egory, the interfaces between portions of the PRA are

3

specific parts or the whole PRA.

1-1.5 PRA CONFIGURATION CONTROL PROGRAM

Section 1-5 states requirements for configuration
control of a PRA (i.e.,, maintaining and upgrading a
plant-specific PRA) such that the PRA represents the
as-built, as-operated facility to a degree sufficient to
support the PRA application for which it is used.

Copyright © 2022 by the American Society of Mechanical Engineers.
No reproduction may be made of this material without written consent of ASME.

@)



https://asmenormdoc.com/api2/?name=ASME ANS RA-S-1.1 2022.pdf

Table 1-1.3-1 PRA Technical Elements Addressed by This Standard

Hazard Type Hazard Group

PRA Technical Elements

Inte

Exte

Othd
(intd

nal Hazards Internal Events

Internal Floods

Internal Fires

nal Hazards Seismic Events
High Winds
External Floods
r Hazards See Note (1)
rnal or external)

Initiating Events Analysis (IE)
Accident Sequence Analysis (AS)
Success Criteria (SC)

Systems Analysis (SY)

Human Reliability Analysis (HR)
Data Analysis (DA)
Quantification (QU)

LERF Analysis (LE)

Internal Flood Plant Partitioning (IEPP)

Internal Flood Source Identificatiori.and Characterization (IFSO)
Internal Flood Scenario Development (IFSN)

Internal Flood-Initiating EventfAnalysis (IFEV)

Internal Flood PRA Plant\Résponse Model (IFPR)

Internal Flood Human Reliability Analysis (IFHR)

Internal Flood Risk Characterization (IFQU)

Internal Fire Plant Boundary Definition and Partitioning (PP)
Internal Fite-Initiating Events and Equipment Selection (ES)
Internal™kire Cable Selection and Location (CS)

Intefnal\Fire Qualitative Screening (QLS)

ljternal Fire Plant Response Model (PRM)

Internal Fire Scenario Selection and Analysis (FSS)

Internal Fire Ignition Frequency (IGN)

Internal Fire Circuit Failure Analysis (CF)

Internal Fire Human Reliability Analysis (FHR)

Internal Fire Risk Quantification (FQ)

Seismic Hazard Analysis (SHA)
Seismic Fragility Analysis (SFR)
Seismic Plant Response Analysis (SPR)

Wind Hazard Analysis (WHA)
Wind Fragility Analysis (WFR)
Wind Plant Response Analysis (WPR)

External Flood Hazard Analysis (XFHA)
External Flood Fragility Analysis (XFFR)
External Flood Plant Response Analysis (XFPR)

“X” Hazard Analysis (XHA)

“X” Hazard Fragility Analysis (XFR)

“X” Hazard Plant Response Analysis (XPR)

“X” Screening and Conservative Analysis (EXT)

NOTE:

)

For any othi€rhazard group “X,” the approach for performing a PRA for the hazard group shall meet requirements HLR-XHA, HLR-XFR, and
HLR-XPRih Part 9. Each hazard for which a unique approach is developed shall constitute its own hazard group. Hazards that share a com-
men approach, methods, and data shall be analyzed as a single hazard group. Examples of such hazard groups include biological events

hnd external fires

4
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Table 1-1.3-2 Bases for PRA Capability Categories

Attributes of PRA

Capability Category |

Capability Category I

1. Scope and Level of Detail:

The degree to which the scope and level
of detail of the plant design, operation,
and maintenance are modeled

2. Plant Specificity:

The degree to which plant-specific
information is incorporated in modeling
the as-built, as-operated plant

3. Realism:

The degree to which realism is
incorporated in modeling the expected
response of the plant

Resolution and specificity are sufficient

to identify the relative importance of the
contributors at the hazard group, initiating
event group, and functional or systemic
accident sequence level, including associated

human failure events (HFEs) [Notes (1) and (2)].

Use of generic data/models is acceptable

except for the need to account for unique design

and operational features of the plant that have
bearing on the assessment of CDF/LERF.

Departures from realism may have a moderate
impact on the conclusions and risk insights as
supported by state of the practice [Note (3)].

Resolution and specificity are sufficient tosidgntify

the relative importance of the risk-significant
contributors at the hazard group, injtiating
event group, functional and systemicldcciden
sequence, and basic event level, including
associated HFEs, and for hazards other than
internal events, at the hazard scenario level.
[Notes (1) and (2)].

Plant-specific data/models are used for the ripk-

significant contributors to the extent feasible

Departures from realism will have a small imp
dn-the conclusions and risk insights as suppd
by state of the practice [Note (3)].

act
rted

NOTES:

(1) The hazard scenarios are the events in the PRA logic model that capture the'fregliency of the initiating hazard and represent the impact
of the hazard on the plant, taking into account those protective measuresthat are in place to prevent damage from the hazard. The pla
specificity and realism attributes will be used to ensure that the hazard Scenarios are evaluated in a manner consistent with the other
contributors, subject to the limitations imposed by the differences in treatments of each hazard.

(2) The definitions for CC-l and CC-ll are not meant to imply that the'staepe and level of detail include identification of all components and
human actions but rather that they include only those needed forthe function of the system being modeled to the extent that function

important to assessing plant risk as defined in the context-ofithis Standard.

€©)

Differentiation between moderate and small is determined-by the extent to which the impact on the conclusions and risk insights could
affect a decision under consideration. This differentjation recognizes that the PRA would generally not be the sole input to a decision. A
moderate impact implies that the impact (of the départure from realism) is of sufficient size that it is likely that a decision could be affe

ed; a small impact implies that it is unlikely thata-decision could be affected.

—

T
I
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1-1.6 PEER REVIEW REQUIREMENTS

Section 1-6 states the general requirements for a peer
review to determine if the methods and its implemen-
tation in the PRA meet the requirements of the Techni-
cal Requirements section of each respective Part of this
Standard.

are best analyzed separately in a self-contained manner
for each hazard. In other words, these requirements are
identified with respect to the CDF and LERF for each
hazard group separately. While there is a need in some
PRA applications to assess the risk significance with
respect to the total CDF or LERF, this assessment has
to be done with a full understanding of the differences

1-1}7 ADDRESSING MULTIPLE HAZARD GROUPS

Tfhe technical requirements to determine the technical
adequacy of a PRA for different hazard groups to sup-
port PRA applications are presented in Part 2, Part 3,
Parf 4, Part 5, Part 7, Part 8, and Part 9. The approaches
to tnodeling the plant damage resulting from different
hazard groups vary in terms of the degree of realism
and the level of detail achievable. For example, there
are|uncertainties that are unique to the modeling of
the(different hazards and their effect on the plant, and
thefassumptions made in dealing with these uncertain-
ties| can lead to varying degrees of conservatism in the
estimates of risk. Furthermore, because the analyses
can|be resource intensive, it is normal to use screening
apgroaches to limit the number of detailed scenarios
to he evaluated and the number of mitigating systems
credlited while still achieving an acceptable evaluation
of rfsk.

Hor many PRA applications, it is necessary to include
the[combined impact on risk from those hazard groups
for [which it cannot be demonstrated that the impact
on [the decision being made is not risk insignificant-
Thip combination can be done by using a single medel
that combines the PRA models for the differenthazard
grolips or by combining the results from sepatate mod-
els.|In either case, when combining the results from the
different hazard groups, it is essential to‘account for the
differences in levels of conservatism‘and levels of detail
so fhat the conclusions drawn fronwthe results are not
overly biased or distorted. Tg support this objective,
thig Standard is structured g0 that requirements for the
anallysis of the PRA results) including identification of
ris-significant contributors, identification and charac-
teripation of sources'ef\incertainty, and identification of
assyimptions, arg-iticluded in each Part separately.

In some cases;. the requirements for developing a PRA
moflel in Part,3, Part 4, Part 5, Part 7, Part 8, and Part
9 rdfer back'to the requirements of Part 2. The require-
ments.otLart 2 should be applied to the extent needed,
giveathe i Sach-Rdsare g
In each Part, many of the requirements that differenti-
ate between Capability Categories, either directly or by
incorporating the requirements of Part 2, do so on the
basis of the analysis of risk-significant contributors and
risk-significant accident sequences/cutsets for the haz-
ard group being addressed. Because, as discussed above,
there are differences in the way the PRA models for each
specific hazard group are developed, the requirements

6

in conservatism and level of detail introduced by the
modeling approaches for the different hazard grofips;
as well as within each hazard group.

Additionally, from a practical standpoint, BRA"mod-
els are generally developed on a hazard igroup basis
[e.g., a fire PRA, a seismic PRA, a higf wind PRA
(HWPRA)]. While they may be integrated into a single
model with multiple hazards, the dévelopment is done
on a hazard group basis. In CC4L,this Standard strives
to ensure that the more risk-significant contributors to
each hazard group are undérstood and analyzed with
an equivalent level of resolution across applicable SRs,
plant specificity, and-re€alism, so as to not skew the
results for that hazard group. The definitions in Section
1-2.2 also acknpwledge that there may be cases where
the proposed quantitative assessment process is inap-
propriatef(e}g., the hazard group risk is very low or
bounding methods are used).

Tao simmarize, the definitions in Section 1-2.2 that use
the term “risk significant” simply help to define how
much realism is necessary to meet CC-II of some SRs.
They are not intended to be definitions of what is risk
significant in a particular PRA application. Indeed, in
the context of a specific PRA application, they may be
either too loose or too restrictive, depending on what
is being evaluated. In the context of this Standard, the
decisions on applying these definitions and/or defin-
ing what is risk significant for a decision would be
addressed in the Risk Assessment Application Process
(see Section 1-3).

1-1.8 SCREENING CRITERIA

This Section discusses the underlying rationale for the
criteria to be used in this Standard when screening out
items from consideration when constructing the PRA
model. Screening is an inherent part of constructing a
PRA model. It is a tool used to simplify the PRA model
while retaining important contributors to risk. As such,
the underlying screening process is to ensure that items

Hazards, initiating events, accident sequences, plant
areas, plant structures, systems failure modes, or com-
ponents failure modes and HFEs can each be subjected
to the screening process as the PRA model is constructed.

Table 1-1.8-1 specifies the general criteria (both quan-
titative and qualitative) that shall be used in consid-
ering whether any of the above items can be screened
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out from consideration in the construction of the PRA.
These general criteria are referenced, as needed, in the
individual Parts and should be applied only as directed
from the SRs in the Part. Because of significant design
differences and associated risk profiles, the general
criteria in Table 1-1.8-1 are not applicable to advanced
LWRs. In addition to these general criteria, the individ-

The requirements provided in this Standard are
aimed at ensuring that the analysis maintains an appro-
priate level of completeness such that even at CC-I it is
possible to identify risk-significant contributors.

Depending on the intended application of the PRA,
risk-significant elements can then be used to inform
design and/or plant operation improvements or to

ual Parts may also include supplemental Part-specitic
criteria that should be employed in completing the
screening activity.

Note that although a hazard (or hazard group) may be
screened out from being developed per the requirement
of the applicable Part of this Standard, the screened out
hazard (or hazard group) may still need to be consid-
ered in the RIDM for a specific application.

In the context of hazards that are associated with a
range of severities (rather than a single discrete event),
the “initiating event frequency” refers to the frequency
with which a specified site “impact threshold” is
exceeded (i.e., exceedance frequency). Impact threshold
is the hazard severity at which a plant transient may
occur. The screening criteria to be applied to each item
for each hazard are specified in Part 2, Part 3, Part 4,
Part 5, Part 7, Part 8, and Part 9 SRs. Screening is permit-
ted only within the hazard under consideration. These
screening criteria are to be used only when specified in
an SR. Use of alternative screening criteria to those in
this Section may be allowed with documented justifis
cation if the referencing SR specifically states that alter
native screening criteria are permitted. Otherwise, the
criteria in Table 1-1.8-1 are to be used as written.

1-1.9 UNDERSTANDING RISK SIGNIFICANCE

One of the main outcomes of a state*of-practice PRA
is the possibility to identify risk-significant contributors
based on quantitative criteria {i-e", an item under con-
sideration that contributes above a certain percentage to
the overall risk).

Table 1-1.8-1 Generic Screening Criteria

mIorm appropriate focus on maintenance or regulajory
activities. Risk-significant items are prime targets] for
analysis refinements aimed at enhancing the realisth of
the associated insights.

Generally, identifying the elements of. the'model (¢.g.,
cutsets, sequences, scenarios) that contribute 95% of|the
hazard risk is sufficient to capture the significant don-
tributors. Assuring that these“gontributors are repre-
sented in a realistic way andrallowing the remaining| 5%
contribution to be evaluated in a simplified, less reglis-
tic fashion will not affectdecision-making. Beyond qon-
sideration of the elefents that represent combinations
of basic events, antindividual basic event could be siiffi-
ciently important-by itself to the risk profile. A practical
approach to‘address this condition can be an assessnjent
of the relative importance of the individual basic eyent
via thresholds such as an individual contribution off 1%
to tetal*hazard risk (i.e., CDF or LERF), a Fussell-Vegely
(EV) importance of 0.005, or a Risk Achievement Worth
(RAW) of 2.

In line with the above, Table 1-1.9-1 specifies |the
quantitative criteria generally to be used in determin-
ing risk significance for the various modeling it¢ms
(contributors). If these quantitative criteria are |not
used, justification for any alternative quantitative |cri-
teria shall be documented. The documentation shall
describe how the alternative quantitative criteria njeet
the intent of the criteria in Table 1-1.9-1. These alter-
native quantitative criteria shall be peer reviewed|for
their appropriateness and ability to adequately dgter-
mine risk significance such that the integrity of the fFRA
model is maintained. Once the potential risk-signifigant

Index No.
SCR Screening Metric Screening Criteria

SCR- Hazard or hazard groups Mean CDF less than 1.0E-6 per reactor-year and mean LERF less than 1.0E-7 per reactor-year
as estimated using a demonstrably conservative analysis for each hazard or hazard group

SCR-Z Relative undividual contributors)  (a) Less than 17 CONtIbULion to (e aggregate probability of [Tequency of the 1ltems subject
to screening, as defined in the referencing SR and the total contribution of the screened
out items not exceeding 5% of the group of items subject to screening as defined in the
referencing SR, or
(b) contributing <1.0E-8 per reactor-year to CDF and <1.0E-9 per reactor-year to LERF and
the total contribution of the screened out items not exceeding 5% of the group of items
subject to screening as defined in the referencing SR

SCR-3 Deterministic Demonstratively conservative assessments that the element screened out does not impact the

plant oris subsumed into a more frequent or more impactful event
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contributors are identified along with the specific tech-
nical requirements, the next major step is to apply the
needed refinements into the modeling inputs.

Risk significance is often used in the iteration pro-
cess to build a PRA model. Thus, initial simplifying
assumptions that may impact multiple portions of the
PRA model may need to be reviewed and modified as

iterhtion is performed until the PRA model represents
a rdalistic risk profile of the plant to the extent practical
accprding to the state of practice. Consequently, the
foctis should be on increasing the realism of those ele-
mets of the PRA that have the potential to significantly
impact the model results.

The determination of risk significance is extremely
important to the ultimate level of effort required to
finalize the PRA. Therefore, the numerical thresholds
used to identify risk-significant items should be con-
sidered in the context of the resolution of the quanti-
fication process and the relative risk contribution of
the various hazards included. In some cases, it will be
necessary to consider dilferent numerical thresholds or
to demonstrate that distortions in importance measures
will not alter the risk insights and risk ranking-ef)the
PRA model.

Table 1-1.9-1 describes how risk significance is
determined for the different types of modeling items
(contributors).

Table 1-1.9-1 Risk Significance Determination

Item

Criteria for Risk Significance Determination [Noté (1)]

Riskfsignificant accident
progression sequence

Risk{significant accident
seqyence

used.

Risk{significant basic event

than 2.

Risk}significant containment

challenge accident progression seguernce.

Risk}significant contributor

Risk{significant cutset

One of the set of accident sequences contributing to LERF resultingfrom’the analysis of a specific hazard group
that, when rank-ordered by decreasing frequency, sum to a specified percentage of the LERF or that individually
contribute more than a specified percentage of LERF for that hazard group. The summed percentage of 95%
and the individual percentage of 1% of the applicable hazard group are generally used.

One of the set of accident sequences resulting from theJanalysis of a specific hazard group, defined at the
functional or systematic level, that, when rank-ordered by decreasing frequency, sum to a specified percentage
of the CDF for that hazard group or that individually)contribute more than a specified percentage of CDF. The
summed percentage of 95% and the individual percentage of 1% of the applicable hazard group are generally

A basic event that contributes significantly to the computed risks for a specific hazard group. This contribution
generally includes any basic eventthat has an FV importance greater than 0.005 or a RAW importance greater

A containment challenge that\w&sults in a containment failure mode that is represented in a risk-significant

A basic event; strucfurey system, or component (SSC); piece of equipment; HFE; scenario; and so on that
contributes to a significant sequence or cutset or contributes significantly to the computed risks for a
significant sequience or cutset-specific hazard group.

A cutset.is\one element of an accident sequence resulting from the analysis of a specific hazard group that,
when rank’ordered by decreasing frequency, sums to a specified percentage of the CDF (or LERF) for that
hazardjgroup or that individually contributes more than a specified percentage of CDF (or LERF). The summed
perdentage of 95% and the individual percentage of 1% of the applicable hazard group are generally used.
Cutset significance may also be measured relative to overall CDF (or LERF) or relative to an individual accident
sequence CDF (or LERF) of the applicable hazard group.

NOTE:
@

[f these criteria are not used, justification for any alternative criteria shall be documented. The documentation shall describe how the
hlternativiecriteria meet the intent of the stated criteria in this table. These alternative criteria shall be peer reviewed for their appro-
priateness and ability to adequately determine risk significance such that the integrity of the PRA model is maintained.

8
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Section 1-2
Acronyms and Definitions

The following definitions are provided to ensure a
uniform understanding of acronyms and terms as they

are specifically used in this Standard.

1-2.1 ACRONYMS

AC: alternating current

ADS: automatic depressurization system
AEF: Annual Exceedance Frequency

ANS: American Nuclear Society

AOPs: abnormal operating procedures

APC: atmospheric pressure change

ASCE: American Society of Civil Engineers
ASTM: American Society for Testing and Materials
ATWS: anticipated transient without scram
BOP: balance of plant

BWR: boiling water reactor

CC-I and CC-II: Capability Categories I and II
CCDP: conditional core damage probability
CCF: common cause failure

CDF: core damage frequency

CLERP: conditional large early release jprobability
DC: direct current

DOE: US Department of Enetgy

DW: drywell

ECCS: emergency cofe gooling system

EOPs: emergency ‘operating procedures
EPRI: ElectricRower Research Institute
FMEA: failure modes and effects analysis
FSAR:Final Safety Analysis Report

FV:Fussell-Vesely importance measure

MO o 2| £

HRA: human reliability analysis

HROI: Hazard Range of Interest

HVAC: heating, ventilation, and air conditioning
HW: high wind

HWEL: High Wind Equipment List

HWPRA: high wind PRA

HWTL: high-wind target list

IE: initiating event

IFPRA: internal floeding PRA

IPE: individuakplant examination

ISLOCA; inlterfacing systems loss of coolant accidenf

ISRS:dn3structure response spectra

LEREF: large early release frequency

LIP: local intense precipitation

LLNL: Lawrence Livermore National Laboratory
LOCA: loss of coolant accident

LOOP: loss of off-site power (also referred to as “LOS
LWR: light water reactor

MCC: motor control center

MCR: main control room

MSO: multiple spurious operation

NEI: Nuclear Energy Institute

NMA: Nonmandatory Appendix

NFPA: National Fire Protection Association
NPP: nuclear power plant

NPSH: net positive suction head

NRC: Nuclear Regulatory Commission
NSSS: nuclear steam supply system
NUREG: NRC report

PALL shyusical analvsisunit

PPEEUS I CDN EPUTRDN SIS DI Io SOy
e srotd-rotorchaeterbrtiorn
GMPE: Ground Motion Prediction Equation
GRS: Ground Response Spectra
HEP: human error probability
HFE: human failure event
HLR: High Level Requirement
HPME: high pressure melt ejection

PDS: plant damage state

PFHA: probabilistic flood hazard analysis
PGA: peak ground acceleration

PRA: probabilistic risk assessment

PSHA: probabilistic seismic hazard analysis

PWHA: probabilistic wind hazard analysis
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PWR: pressurized water reactor
RAW: Risk Achievement Worth
RCS: reactor coolant system
RE: Reference Earthquake

RES: Office of Nuclear Regulatory Research (of the
NRC)

system failures and successes that may lead to core
damage or large early release.

adversely affect: to impact plant equipment items leading
to equipment failure (e.g., in the context of a fire PRA, a
fire that includes spurious operation of devices).

aleatory uncertainty: the uncertainty inherent in a nonde-
terministic (stochastic, random) phenomenon. Aleatory

RIL
RPY: reactor pressure vessel
Sa:
SB(: station blackout

M: risk-informed decision-making

spectral acceleration

SCIDF: seismic core damage frequency
SEl]
SG]
SLHRF: seismic large early release frequency
SL(
SPH
SR:
55(
SSHAC: Senior Seismic Hazard Analysis Committee
SSI

THERP: Technique for Human Error Rate Prediction
(se¢ NUREG/CR-1278 [1-1])

TS:|Technical Specifications

UH]S: uniform hazard response spectrum

: seismic equipment list

'R: steam generator tube rupture

S: standby liquid control system
A: seismic probabilistic risk assessment
Supporting Requirement

(s): structure(s), system(s), and component(s)

soil-structure interaction

V/H: vertical-to-horizontal (ratio)
XFEL: external flood equipment list
XFIPRA: external flood PRA

1-212 DEFINITIONS

accdpted method: a method that(the regulatory body has
usef or accepted for the sp¢Cific risk-informed applica-
tior) for which it is proposed.

acciflent class: a grouping/of severe accidents with sim-
ilar| characteristics~(e.g., accidents initiated by a tran-
sienjt with a lossof'decay heat removal, LOCAs, station
blagkout accidénts, and containment bypass accidents).

acciflent pregtession sequence: a unique combination of
evehts thatclearly delineate the chronological and phys-
icall progression of core damage, containment response,

an fission productrelease tothe envdronment
r

uncertainty is represented by modeling the phenom-
enon in terms of a probabilistic model. In principle;
aleatory uncertainty cannot be reduced by the aecumu-
lation of more data or additional information,(aleatory
uncertainty is sometimes called “randomness”):

as-built, as-operated: a conceptual term ¢hat represents
the degree to which the PRA matches.the current plant
design, plant procedures, and pladf.performance data,
relative to a specific point in time: (NOTE: At the design
certification stage, the plantds\néither built nor oper-
ated. For these situations, the-intent of the PRA model
is to represent the “asédesigned, as-to-be-built, and
as-to-be-operated” plant.)

associated effects: characteristics of the flood event that
are not captured solely by flood elevation (height).
Associated effects include factors such as wind waves
and runup-effects; hydrostatic loading; hydrodynamic
loadingincluding debris and water velocities; effects
caused by sediment deposition and erosion; clogging
due. to debris; concurrent site conditions, including
adverse weather conditions; and groundwater ingress.

gssumption: a judgment that is made in the development
of the PRA model either for modeling convenience or
because of lack of information or state of knowledge.
An assumption is a source of model uncertainty:

(1) An example of assumption used for modeling
convenience is limiting the number of individual mod-
eled components under the assumption that the conse-
quence of any individual combination of components is
the same.

(b) An example of assumption made for lack of infor-
mation is assuming component failure due to failure of
heating, ventilation, and air conditioning (HVAC) in the
absence of detailed room heat-up calculations.
atmospheric pressure change: atmospheric pressure change
loads result from the variation in the atmospheric pres-
sure field as a vortex moves over a structure. Atmo-
spheric pressure change loads are considered in tornado
design and depend on the amount of venting or leakage
of the structure as a translating tornado interacts with
the structure.

at-nower: those nlant operating states characterized

accident sequence: a representation in terms of an initi-
ating event followed by a sequence of failures or suc-
cesses of events (e.g., system, function, or operator
performance) that can lead to undesired consequences,
with a specified end state (e.g., core damage or large
early release).

accident sequence analysis: the process to determine the
combinations of initiating events, safety functions, and

10

by the reactor being critical and producing power,
with automatic actuation of critical safety systems not
blocked and with essential support systems aligned in
their normal power operation configuration.

availability: the complement of unavailability.

baseline PRA: a PRA that has been developed consistent
with the Technical Requirements of this Standard inde-
pendent of an application.

(
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basic event: an event in a fault-tree model that requires
no further development because the appropriate limit
of resolution has been reached.

cable: referring solely to “electric cables,” a construction
comprising one or more insulated electrical conductors
(generally copper or aluminum). A cable may or may
not have other phy51cal features such as an outer pro-

containment challenge: severe accident conditions (e.g.,
plant thermal hydraulic conditions or phenomena)
that may result in compromising containment integrity.
These conditions or phenomena can be compared with
containment capability to determine whether a contain-
ment failure mode results.

containment fazlure loss of 1ntegr1ty of the containment

LCLLIVC JQLI\CL, d PlUlCLLl\/C dlIITUL \C 5 bt)llﬂl VVULlllL,l Ul
braided), shield wraps, and/or an uninsulated ground
conductor or drain wire. Cables are used to connect
points in a common electrical circuit and may be used
to transmit power, control signals, indications, or instru-
ment signals.

cable failure mode: the behavior of an electrical cable on
fire-induced failure that may include intracable short-
ing, intercable shorting, and/or shorts between a con-
ductor and an external ground (see also hot short).

capability category: see Table 1-1.3-2.

circuit failure mode: the manner in which a conductor
fault is manifested in the circuit. Circuit failure modes
include loss of motive power, loss of control, loss of or
false indication, open circuit conditions (e.g., a blown
fuse or open circuit protective device), and spurious
operation.

cliff edge effect: an instance of a sudden large variation
in plant conditions in response to a small variation in
an input (e.g., change in flood height, grid perturbation
based on voltage or frequency exceeding a breaker trip
set point).

coexistent hazard: hazard that is a secondary hazard to
and/or concurrent with another hazard.

common cause failure: a failure of two or maeré)compon-
ents during a short period of time as a result™of a single
shared cause.

community distribution: for any specificexpert judgment,
the distribution of expert judgments of the entire rel-
evant (informed) technical community of experts know-
ledgeable about the given jssue.

component: an item in afmuclear power plant, such as a
vessel, pump, valve, or'circuit breaker.

composite variabilitysthe composite variability includes
the randomness uncertainty () and the modeling and
data uncertainty (8,). The logarlthmlc standard devi-
atlon of comiposite variability, B, is expressed as (8,>+

B)

coneurrent hazard: a hazard that occurs simultaneously
with-the occurrence of another hazard as a result of a

common-causele o hioh uwinds (FTW) concurrentwith
=75

p[t!bbl,lfe UUuIludfy ITOIIT 4 COIC Qd[lldgtﬂ dLLlueIlt Ilat
results in unacceptable leakage of radio nuclides to|the
environment.

containment failure mode: the manner in which'a conthin-
ment radionuclide release pathway is created. It enc
passes both those structural failures,of containnjent
induced by containment challenges when they exdeed
containment capability and the, failure modes of don-
tainment induced by HFEs, isolation failures, or bypass
events such as interfacing syStems LOCA (ISLOCA)

bf a
ns.

the
rific

containment performance\a-measure of the response
nuclear plant containment to severe accident conditi

consensus method/niodel: a method or model that
regulatory body.has used or accepted for the spe
risk-informéd application for which it is proposed.

core damiige: uncovery and heat-up of the reactor core to
the p@int‘at which prolonged oxidation and severe fuel
darhdge are anticipated and involving enough of|the
core, if released, to result in off-site public health effdcts.

core damage frequency: expected number of core damjage
events per unit of time.

damage criteria: those characteristics of the fire-induced
environmental effects that will be taken as indicafive
of the fire-induced failure of a damage target or set of
damage targets.

damage target: see target.

damage threshold: the values corresponding to the dpm-
age criteria that will be taken as indicative of the ofset
of fire-induced failure of a damage target or set of dpm-
age targets.

demonstrably conservative: use of input informatior) or
assumptions that provides high confidence that [the
assessed outcome is as conservative as it is portrayed
to be.

dependency: requirement that is external to an item pnd
upon which its function depends and that is associgted
with dependent events that are determined by, injflu-
enced by, or correlated to other events or occurrencds.

hat
ne

distribution system: piping, raceway, duct, or tubing
carries or conducts fluids electricity orsignals fraom

storm surge event caused by a hurricane or a moderate
wind event concurrent with a large rainfall event].

conservative: use of information (e.g., assumptions) such
that the assessed outcome is meant to be less favorable
than the expected outcome.

containment bypass: a direct or indirect flow path that
may allow the release of radioactive material directly to
the environment bypassing the containment.

11

point to another.

electrical overcurrent protective device: an active or passive
device designed to prevent current flow from exceed-
ing a predetermined level by breaking the circuit when
the predetermined level is exceeded (e.g., fuse or circuit
breaker).

end state: the set of conditions at the end of an accident
sequence that characterizes the impact of the sequence

(
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on the plant or the environment. In most PRAs, end
states typically include success states (i.e., those states
with negligible impact), plant damage states for Level 1
sequences, and release categories for LERF sequences.

epistemic uncertainty: the uncertainty attributable to
incomplete knowledge about a phenomenon that affects
our ability to model it. Epistemic uncertainty is repre-

sources outside the plant are considered external haz-
ards. (See also internal event.) By historical convention,
LOQOP not caused by another external hazard is consid-
ered to be an internal event.

facilitator/integrator: a single entity (individual, team,
company, etc.) that is responsible for aggregating the
judgments and community distributions of a panel of

sen ed 'Uy TdITgES Uf valut—:b an PArareters, a Iarge Uf
viable models, the level of model detail, multiple expert
intdrpretations, and statistical confidence. In principle,
epigtemic uncertainty can be reduced by the accumula-
tion of additional information. This definition is used in
the|context of seismic hazard and fragility.

equlpment: a term used to broadly cover the various
components in a nuclear power plant. Equipment
includes electrical and mechanical components (e.g.,
puthps, control and power switches, integrated circuit
conpponents, valves, motors, fans) and instrumentation
and indication components (e.g., status indicator lights,
mefers, strip chart recorders, sensors). “Equipment,” as
usef in this Standard, excludes electrical cables.

)

equipment qualification: the generation and maintenance
of data and documentation to demonstrate that equip-
ment is capable of operating under the conditions of a
qudlification test or under test and analysis.

evaluator expert: an expert who is capable of evaluating
the|relative credibility of multiple alternative hypothe-
ses ind who is expected to evaluate all potential hypoth-
ese$ and bases of inputs from proponents and resource
experts to provide both evaluator input and other
experts’ representation of the community distribution

evelt tree: a logic diagram that begins with an initiat-
inglevent or condition and progresses through'a.series
of Branches that represent expected system ox-eperator
performance that either succeeds or fails andarrives at
eitler a successful or failed end state.

expgrt elicitation: a formal, highly striictured, and docu-
mefted process whereby expertjudgments, usually of
multiple experts, are obtained.

expgrt judgment: information jprovided by a technical
expert, in the expert’s area.of expertise, based on opinion
or dn an interpretationbased on reasoning that includes
evajuations of theories; models, or experiments.

sed structur@l )steel: structural steel elements that
not protected by a passive fire-barrier feature (e.g.,
retardan{ coating) with a minimum fire-resistance

exp
are
fire

p
flood-forcing phenomenon can lead to overflow or
accumulation of water on or near a site.

external hazard: a hazard originating outside a nuclear
power plant that directly or indirectly causes an ini-
tiating event and may cause safety system failures or
operator errors that may lead to core damage or large
early release. Hazards such as earthquakes, tornadoes,
and floods from sources outside the plant and fires from

CAPCL tD tU dCVClUP t} 1T CUIL llJUDitC dlbtl i}.} utiuu Uf t} <
informed technical community (herein called “the coim-
munity distribution”).

failure mechanism: any of the processes that result in fail-
ure modes, including chemical, electrical, mechanical,
physical, thermal, and human error.

failure mode: a specific functional manifestation of a fail-
ure (i.e., the means by which an observer can determine
that a failure has occurred) by precltding the successful
operation of a piece of equipthent, a component, or a
system (e.g., fails to start, fails to run, leaks). (NOTE:
In the context of fire PRA spurious operation is also con-
sidered a failure mode abéve and beyond failures that
preclude successful 6peration.)

failure modes and. effects analysis: a process for identify-
ing failure modes' of specific components and evaluat-
ing their effects on other components, subsystems, and
systems,

failureprobability: the likelihood that an SSC will fail to
opérate on demand or fail to operate for a specific mis-
sion time.

Sailure rate: expected number of failures per unit time,
evaluated, for example, by the ratio of the number of
failures in a population of components to the total time
observed for that population.

fault tree: a deductive logic diagram that depicts how a
particular undesired event can occur as a logical com-
bination of other undesired events.

figure of merit: the quantitative value, obtained from a
PRA, used to evaluate the results of a PRA application
(e.g., CDF or LERF).

fire analysis tool: as used in this Standard, “fire analysis
tool” is broadly defined as any method used to estimate
or calculate one or more physical fire effects (e.g., tem-
perature, heat flux, time to failure of a damage target,
rate of flame spread over a fuel package, heat release
rate for a burning material, smoke density) based on
a predefined set of input parameter values, as defined
by the fire scenario being analyzed. Fire analysis tools
include, but are not limited to, computerized compart-
ment fire models, closed-form analytical formulations,

book, and lookup tables that relate input parameters to
a predicted output.

fire area: a portion of a building or plant that is separated
from other areas by rated fire barriers adequate for the
fire hazard. (NOTE: A rated fire barrier is a fire barrier
with a fire-resistance rating.)

fire barrier: a continuous vertical or horizontal construc-
tion assembly designed and constructed to limit the

12
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spread of heat and fire and to restrict the movement of
smoke.

fire compartment:' a subdivision of a building or plant
that is a well-defined enclosed room, not necessarily
bounded by rated fire barriers. A fire compartment gen-
erally falls within a fire area and is bounded by noncom-
bustible barriers where heat and products of combustion

other factors that will influence the extent and timing
of fire damage.

fire suppression system: generally refers to permanently
installed fire protection systems provided for the express
purpose of suppressing fires. Fire suppression systems
may be either automatically or manually actuated.
However, once activated, the system should perform its

fromrafirewithirrtheenclosure—witt-besubstamtiatty
confined. Boundaries of a fire compartment may have
open equipment hatches, stairways, doorways, or
unsealed penetrations. This term is defined specifically
for fire risk analysis and maps plant fire areas and/or
zones, defined by the plant and based on fire protection
systems design and/or operations considerations, into
compartments defined by fire damage potential. For
example, the control room or certain areas within the
turbine building may be defined as a fire compartment.

fire-induced initiating event: that initiating event assigned
to occur in the fire PRA plant response model for a given
fire scenario.

fire modeling: as used in this Standard, “fire modeling”
refers to the process of exercising a fire analysis tool
including the specification and verification of input par-
ameter values, performance of any required supporting
calculations, actual application of the fire analysis tool
itself, and the interpretation of the fire analysis tool out-
puts and results.

fire protection program: the integrated effort involving
equipment, procedures, and personnel used in carrying
out all activities of fire protection. It includes system and
facility design, fire prevention, fire detection, annuyrcia-
tion, confinement, suppression, administrative controls,
fire brigade organization, inspection and maintenance,
training, quality assurance, and testing.

fire-resistance rating: the time, in minutes-or hours, that
materials or assemblies have withsteod a fire exposure
as established in accordance with an approved test pro-
cedure appropriate for the strugture, building material,
or component under consigeration.

fire scenario: a set of elenients that describes a fire event.
The elements usually include a physical analysis unit,
a source fire locatiénjand characteristics, detection and
suppression features to be included, damage targets,
and intervenifig-eombustibles.

fire scenario selection: the process of defining a fire scen-
ario tode analyzed in the fire PRA that will represent
the behavior and consequences of fires involving one
or ‘more fire ignition sources. Fire scenario selection
includes the identification of a fire ignition source (or

1 - ‘ - EPE B PR 1
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fire wrap: a localized protective covering designeq to
protect cables, cable raceways, or other equipment ffom
fire-induced damage. Fire wraps generally provide pro-
tection against thermal damage.

the
bod
b of

flood area: an area within a plant thdt-s defined for
purpose of performing a flood assessment PRA. Fl
areas are normally defined in<{érms of one or mor
the following: building types;location within a building
or the site; and the physicalbarriers that delay, restfict,
or prevent the propagation of floods to adjacent arpas.
Flood areas refer to areas of buildings or of the site that
may be flooded dueto internal or external flooding
sources.

flood event duration (external flooding): defines the
iod of timé.that a flood hazard affects the site. Flpod
event difration typically begins with conditions bding
met/for/entry into a flood procedure or notificatiop of
an.impending flood and ends when flood waters have
réceded from the site. It typically includes warning time
(if available) and period of inundation and recessiox.

flood hazard (external flooding): those hydrometeorolog-
ical, geoseismic, or structural failure phenomena|(or
combination thereof) that may produce flooding af or
near nuclear power plant site.

Der-

—~

hat
en-

bnd

flood-induced accident sequence: an accident sequence
includes a flood-induced initiating event and the po
tial for undesired consequences, with a specified

state (e.g., core damage).

flood-induced failure mechanism: the failure mechanisrh of
an SSC induced by a flood. Possible SSC failure mgch-
anisms include, but are not limited to, shorting ouft of
electrical connections, blockage of air intakes, and stfuc-
tural damage from flood loads. In the context of exXter-
nal flooding, flood-induced failure mechanisms mnay
include additional factors such as blockage of sumps
(e.g., due to debris) and overtopping of barriers.

flood-induced initiating event: an initiating event thqt is
caused by a flood either directly (e.g., loss of sysfem
function caused by diversion of flow associated with
the flood) or indirectly (e.g., plant shutdown caysed

by the loss of function of one or maore ﬂnnr’]-r]nmaged

set of fire ignition sources); secondary combustibles and
fire spread paths; fire damage targets, detection and
suppression systems and features to be credited; and

! Tt is noted that the term “fire compartment” is used in other
contexts, such as general fire protection engineering, and that the
term’s meaning as used here may differ from that implied in an
alternative context. However, the term also has a long history of
use in fire PRA and is used in this Standard based on that history
of common fire PRA practice.
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SSCs). In the context of external flooding, flood-induced
initiating events also include initiating events due to
damage of SSCs from the floodwaters.

flood initiating area (internal flooding): the area from which
the flood originates.

flood propagation path: a physical pathway that would
allow the progression of a flood within and among dif-
ferent flood areas. In the context of external flooding,

(
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flood propagation paths may begin with floods that ori-
ginate from a source external to the plant.

flood rate: the flow rate of water or steam across the
breach or opening in the pressure boundary of the flood
source during the flood event. In the context of external
flooding, the flood rate may also include the rate of flow
of external flood water into a flood area. Depending

include nonminimal cutsets and success probabilities,
the FV importance measure is calculated by determin-
ing the fractional reduction in the total figure of merit
brought about by setting the probability of the basic
event to zero.

ground acceleration: acceleration at the ground surface
produced by seismic waves, typically expressed in units

on llt CUOITIEAXL, LILC ﬁUUd Idlc llldy ‘UC d Liulc-dcycudcul
ratd, a maximum rate, or an average rate over the dur-
atidn of the flood.

floogl response SSCs (external flooding): SSCs that may be
usefd to maintain key safety functions during conditions
that might occur during an external flood scenario,
including SSCs that are indirectly related to mainten-
ance of key safety functions (e.g., barriers that protect
SSds from floodwaters or other related effects).

floogl scenario: a description of an event that results in a
flogd-induced initiating event. The factors included in
the|definition of a flood scenario are flood area; flood
soufrce; flood rate; flood propagation path; impact on
plapt SSCs; human actions included in flood initiation,
mitfgation, and termination; and means of detection
(senpsors, alarms, indications, etc.).

floogl source: an inventory of water or steam normally
contained within a system, tank, component, reser-
voif, river, lake, or ocean that provides the potential for
floqding-induced failure of SSCs in the event the flood
soufrce container or pressure or retention boundary is
brejched.

floofl volume: the total flood volume of water released
fromn the source from flood initiation to termination. &b
to afspecific point in time during a flood scenario; unless
spefified as the localized volume in specific fload.areas
for [scenarios that involve multiple flood atéas, flood
volfime is normally used to calculate the nominal flood
height, which is associated with the submiergence fail-
ure|cause. Water-spray volumes are.generally different
fromn flood volumes, but spray water'may accumulate
and contribute to flood volumes.

fragility: fragility of an SSC isthe conditional probability
of its failure at a given hazatd input level. The input
coulld be earthquake mgtion, wind speed, or flood level.
Thq fragility model used in seismic PRA is known as a
doyble lognormakimodel with three parameters, which
are|the median( acceleration capacity, the logarithmic
staindard deyiation of the aleatory (randomness) uncer-
tairjty in capacity, and the logarithmic standard devia-
tior) of theimodeling and data uncertainty in the median
cappcity:

ot g, the acceleration of gravity at the Earth’s surface.

harsh environment: an abnormal environment (e.g~high
or low temperature, humidity, corrosive condijtions)
expected as a result of postulated accident donditions
appropriate for the design basis or beyond design basis
accidents.

hazard: a phenomenon that challenges the safe oper-
ation of a facility. A hazard is a subset of a hazard group
and a superset of hazard events_Hazards in the inter-
nal events hazard group include LOCAs and LOOPs. In
some cases, a hazard group may consist of only one haz-
ard (e.g., the seismic hazard), in which case the hazard
and the hazard group-are considered to be synonymous.

hazard analysis: the process to determine an estimate
of the expected)frequency of exceedance (over some
specified tim¢ interval) of various levels of some char-
acteristieymeasure of the intensity of a hazard (e.g.,
peak.ground acceleration to characterize ground shak-
ing from an earthquake). The time period of interest is
typically 1 yr, in which case the estimate is called the
annual frequency of exceedance.

hazard event: an event brought about by the occurrence
of the specified hazard. A hazard event is described in
terms of the specific levels of severity of impact that a
hazard can have on the plant. For example, an internal
flood event would be expressed in terms of the specific
flood source and its local impact, such as the result-
ing water levels in affected plant areas or the extent
of the area subjected to spray; a seismic event would
be expressed in terms of spectral acceleration and
associated spectral shape; a transient event would be
expressed in terms of the plant systems affected by the
event.

hazard group: a group of hazards that result in similar
effects on or challenges to a facility. A hazard group is a
subset of a hazard type and a superset of hazards. The
hazards in a given hazard group may be assessed using
a common approach, methods, and likelihood data for
characterizing the effect on the plant. Examples of haz-
ard groups include internal events, internal flood, seis-

ontliTie systent: a system (salety of nonsalety) that is
capable of directly performing one of the accident-mit-
igating functions (e.g., core or containment cooling,
coolant makeup, reactivity control, or reactor vessel
pressure control) modeled in the PRA.

Fussell-Vesely: for a specified basic event, FV importance
is the fractional contribution to the total of a selected
figure of merit for all accident sequences containing
that basic event. For PRA quantification methods that
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consist of one hazard (e.g., the seismic hazard), in which
case the hazard group and the hazard are considered to
be synonymous.

hazard type: a hazard type is a superset of hazard groups.
Internal hazards include hazard groups such as internal
events and internal fire and external hazards include
hazard groups such as the seismic hazard and external
flooding.

(
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high energy arcing fault: electrical arc that leads to a rapid
release of electrical energy in the form of heat, vapor-
ized copper, and mechanical force.

high energy line: a pipe or piping system component is
classified as high energy if it contains water or steam
at maximum operating temperature exceeding 200°F or
maximum operating pressure exceeding 275 psig.

core damage. An initiating event is defined in terms
of the change in plant status that results in a condition
requiring a reactor trip (e.g., loss of main feedwater
system, small LOCA) or a manual trip prompted by
conditions other than those in the normal shutdown
procedure when the plant is at-power. An initiating
event may result from human causes, equipment failure
Its,

from canses internal to the plant (e o _hardware fai

high energy line break: a break or breach in a high energy
line.

high-hazard fire source: a fire source that can lead to fires of
a particularly severe and challenging nature. High-haz-
ard fire sources would include, but are not limited to,
catastrophic failure of an oil-filled transformer, an
unconfined release of flammable or combustible liquid,
leaks from a pressurized system containing flammable
or combustible liquids, and significant releases or leak-
age of hydrogen or other flammable gases.

high winds: tornadoes, hurricanes (or cyclones or
typhoons as they are known outside the United States),
extratropical (thunderstorm) winds, and other wind
phenomena depending on the site location.

high wind equipment list: the SSCs whose performance
may be impaired as a consequence of the HW hazard.

hot short: individual conductors of the same or different
cables coming in contact with each other where at least
one of the conductors involved in the shorting is ener-
gized, resulting in an impressed voltage or current on
the circuit being analyzed.

human error: any human action that exceeds some limnit
of acceptability, including inaction where required,
excluding malevolent behavior.

human error probability: a measure of the likelihood that
plant personnel will fail to initiate the cerrect, required,
or specified action or response in a gjven'situation or, by
commission, performs the wrong action. The HEP is the
probability of the HFE.

human failure event: a basic event that represents a failure
or unavailability of a component, system, or function
that is caused by humanjinaction or an inappropriate
action.

human reliability.analysis: a structured approach used to
identify potential'HFEs and to systematically estimate
the probability ‘of those events using data, models, or
expert judgiment.

floods, or fires) or external to the plant (e.g., earthqugkes
or HWs), or combinations thereof.

initiator: see initiating event.

insights: information that provides amn\ understanding
and explanation of what is and is notimportant to|the
analysis.

integrator: a single entity (indiyidual, team, company,
etc.) that is ultimately responsible for developing|the
composite representatior-of the informed techrical
community (herein called “the community distr{bu-
tion”). This integratiom sometimes involves inforpmal
methods such as‘deriving information relevant tq an
issue from the.open literature or through informal His-
cussions with experts and sometimes involves more ffor-
mal methods.

intensiti;'a measure of the impact of a hazard.

intereable (as in “intercable conductor-to-conductor sfiort
civeuit”): electrical interactions (shorting) between |the
conductors of two (or more) separate electrical cables
(see also intracable).

interfacing systems LOCA (ISLOCA): a LOCA when a
breach occurs in a system that interfaces with the r¢ac-
tor coolant system (RCS), where isolation betwleen
the breached system and the RCS fails. An ISLOCA is
usually characterized by the overpressurization ¢f a
low-pressure system when subjected to RCS presgure
and can result in containment bypass.

internal event: a hazard group that encompasses evénts
other than floods or fires that result from or invglve
mechanical, electrical, structural, or human failfires
from causes originating within a nuclear power plar|t or
losses of off-site power (except when caused by another
hazard) that directly or indirectly cause an initiafing
event and may cause safety system failures or opergtor
errors that may lead to core damage.

intracable (as in “intracable conductor-to-conductor short

. o ) circuit”): electrical interactions (shorting) between |the
izulrlnan.resp onse action: a post—fmltlator opei:ator aCtl.OF' conductors of one multiconductor electrical cable [see
ollowing a cue or symptom of an event, taken to gatls y also intercable).
thé procedural requirements for control of a function or . o
system. I’\Cy DMJ"CL’y]“M’LLilU’LD. LllC ITHITIIITTUITT S€U UI bdfCLy lrl,lllLL ns

ignition frequency: frequency of fire occurrence generally
expressed as fire ignitions per reactor-year.

ignition source: piece of equipment or activity that causes
fire.

initiating event: a perturbation to the steady-state oper-
ation of the plant that challenges plant control and
safety systems whose failure could potentially lead to
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that must be maintained to prevent core damage and
large early release. These include reactivity control,
reactor pressure control, reactor coolant inventory con-
trol, decay heat removal, and containment integrity in
appropriate combinations to prevent core damage and
large early release.

large early release: a large release occurring before the
effective implementation of off-site emergency response

(
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and protective actions and there is the potential for early
health effects.

large early release frequency (LERF): expected number of
large early releases per unit of time.

large release: the release of airborne fission products to
the environment such that there are significant off-site

method: an analytical approach used to satisfy a sup-
porting requirement or collection thereof in the PRA.
An analytical approach is generally a compilation of the
analyses, tools, assumptions, and data used to develop
a model.

missile fragility: fragility of SSCs for a given missile
impact.

impacts Targe release and significant off-site impacts
ma} be defined in terms of quantltles of fission prod—
ucts released to the environment, status of fission prod-
uct|barriers and scrubbing, or dose levels at specific
disfances from the release, depending on the specific
anallysis objectives and regulatory requirements.

LERF analysis: evaluation of containment response to
sevpre accident challenges and quantification of the
me¢hanisms, amounts, and probabilities of subsequent
radjoactive material releases from the containment.

leve 1 analysis: identification and quantification of the
seqfiences of events leading to the onset of core damage.

levd of detail: the degree to which (i.e., amount of) infor-
mation is discretized and included in the model or
anallysis.

licefisee-controlled area: areas of the plant site that are dir-
ectlly controlled by the nuclear power plant licensee.
local intense precipitation: a locally heavy rainfall event

that is typically defined by specifying three parameters:
rairffall depth, rainfall duration, and spatial extent
(arda). LIP is typically associated small-scale events over
geographic areas on the order of 1 to 10 square-miles
and by an assumption that the rainfall rate is aerially,
uniform, although the rainfall rate (intensity) typieally
varfes over the rainfall event. Although total duiration
of the LIP-caused flooding event depends onthe scen-
ari¢ and site-specific characteristics (e.g., site’drainage,
susfeptibility to ponding of water), LIP levents are typ-
ically associated with a short duration’ (e.g., 1 to 6 hrs)
of intense rainfall. These intense rdinfall events may be
imBedded within longer rainfalk events and (depend-
inglon site drainage characteristics) may affect a site for
longer durations. In the context of this Standard, LIP is
defined generically and-is.not limited to stylized deter-
mirjistic events, suchhas’ the so-called 1-hr, 1-square-
milp, probable maximiim precipitation event.

lowgr bound wind.speed, V, : the lower bound wind speed
usef to definettie wind speed threshold for HWs in an
HWPRA, Wind speeds less than V| are assumed to be
ungblecto produce damage to risk-significant SSCs at
the|plant.

mission time: the time period that a system or component
is required to operate in order to successfully perform
its function.

model: a qualitative and/or quantitative représentation
thatis constructed to portray the inherent characteristics
and properties of what is being represerifed (e.g., a sys-
tem, component or human performance, theory or phe-
nomenon). A model may be in the form, for example, of
a structure, schematic, or equation. Method(s) are used
to construct the model under.consideration.

multicompartment fire scenarid: a fire scenario involving
targets in a room or fire.¢ompartment other than or in
addition to the one where the fire was originated.

multiple spurious operations: concurrent spurious oper-
ations of two or-nore equipment items.

mutually exchisive events: a set of events where the occur-
rence of any/one precludes the simultaneous occurrence
of any.rémaining events in the set.

newly-tleveloped method: a method used in a PRA that has
either been developed separately from a state-of-practice
method or is one that involves a fundamental change to
a state-of-practice method. A newly developed method
is not a state-of practice or a consensus method.

nonsuppression probability: probability of failing to sup-
press a fire before target damage occurs.

operating time: total time during which components or
systems are performing their designed function.

parameter uncertainty: the uncertainty in the value of an
input parameter that represents the degree of belief in
the range of values the input parameter may assume.
Examples of parameter uncertainty include, but are not
limited to, probability distributions or confidence inter-
vals (i.e., a range of probability values within which
the actual value of the input parameter is expected to
reside) for an input parameter such as an initiating
event frequency or a component failure probability.

passive flood protection feature: a flood protection feature
that does not require the change of state of a component
in order for it to perform as intended. Examples include
dikes, berms, sumps, drains, basins, yard drainage sys-

low-ruggedness relays: electromechanical relays that may
chatter at low levels of earthquake excitation or on
impact, causing malfunction of electrical circuits.

master logic diagram: summary fault tree constructed to
guide the identification and grouping of initiating events
and their associated sequences to ensure completeness.

may: used to state an option to be implemented at the
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TeIms, walls, 1100TS, SITUCtures, penetration seats, and
external berms/barriers that are under licensee control.

passive SSC: an SSC that performs one or more safety
functions either fully or partially via passive means (i.e.,
relying on natural physical processes such as natural
convection, thermal conduction, radiation, gravity, or
pressure differentials, or depending on the integrity of
a pressure boundary or structural component). Exam-
ples include piping systems that are used to maintain an

user’s discretion.
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inventory of fluid and deliver flow along a fluid path,
and structural supports for SSCs.

peak ground acceleration: maximum value of acceleration
displayed on an accelerogram; the largest ground accel-
eration produced by an earthquake at a site.

performance shaping factor: a factor that influences HEPs
as_considered in a PRA’s Human Reliability_Analysis

of a new hazard model), an implementation of a PRA
method in a different context, or the incorporation of a
method not previously used.

pre-initiator human failure events: HFEs that represent the
impact of human errors committed during actions per-
formed prior to the initiation of an accident (e.g., during
maintenance or the use of calibration procedures).

and includes such items as level of training, quality/
availability of procedural guidance, time available to
perform an action, and so on.

physical analysis units: the spatial subdivisions of the
plant on which an internal flood or internal fire PRA is
based. The physical analysis units are generally defined
in terms of flood or fire areas and/or flood or fire
compartments under the plant partitioning technical
element.

plant: a general term used to refer to a nuclear power
facility (e.g., “plant” could be used to refer to a single
unit or multiunit site).

plant boundary: defined by the user based on the scope
of plant structures.

plant damage state: group of accident sequence end states
that have similar characteristics with respect to accident
progression and containment or engineered safety fea-
ture operability.

plant response model: a logic model, including the event
trees and fault trees and the various SSC and human
failures, that is used to delineate and evaluate the CDF/
LERF accident sequences conditional on the occurrence
of a hazard event (or hazard group).

plant-specific data: data consisting of observed sample
data from the plant being analyzed.

point estimate: estimate of a parameterin’the form of a
single number.

post-initiator human failure eventss HFEs that represent
the impact of human errors committed during response
to abnormal plant conditiofis,

power block elevation (fon ‘purposes of external-flood
PRA): the as-built elevation of the ground surface in the
area of the site pewer block. There may be more than
one elevation of releévance to the external flood PRA; for
example, different elevations may be relevant to differ-
ent locatiohs-around the site.

PRA applieation: a documented analysis based in part or
whoeleron a plant-specific PRA that is used to assist in
decision-making with regard to the design, licensing,
Prnmwpmphf construction npprnﬁnn Qr maintenance

primary hazard: those hazards that are not the eofse-
quence of other preceding hazards.

prior distribution (priors): in Bayesian analysis, |the
expression of an analyst’s prior belief abotit the value of
a parameter prior to obtaining sample data.

probabilistic risk assessment: a quantitative assessnjent
of the risk including all technicgl~elements for mjod-
eled hazards associated with(~plant operation phnd
maintenance that is measured in terms of frequency
of occurrence of risk metfics, such as core damage pr a
radioactive material reledse and its effects on the heplth
of the public (also ¢eferred to as a probabilistic safety
analysis).

probability of ex¢eedance (as used in seismic hazard analypis):
the probability that a specified level of ground mofion
for at least one earthquake will be exceeded at a sitp or
in a region during a specified exposure time.

nllic
les,
by

racetéay: an enclosed channel of metal or nonmet
materials designed expressly for holding wires, cal
of bus bars, with additional functions as permitted
code. Raceways include, but are not limited to, rigid
metal conduit, rigid nonmetallic conduit, intermgdi-
ate metal conduit, liquid-tight flexible conduit, flexjble
metallic tubing, flexible metal conduit, electrical rjon-
metallic tubing, electrical metallic tubing, underfloor
raceways, cellular concrete floor raceways, cellpilar
metal floor raceways, surface raceways, wireways, pnd
busways.

randomness (as used in seismic fragility analysis): the vfari-
ability in seismic capacity arising from the randomipess
of the earthquake characteristics for the same accqler-
ation and to the structural response parameters fhat
relate to these characteristics.

rare event: one that might be expected to occur only a
few times throughout the world nuclear industry qver
many years (e.g., <1.0E-4 per reactor-yr).

reactor critical year: a calendar year in the operating|life
of one reactor, assuming that the reactor operated don-
tinuously for a year.

reactor-operating-state-year: an equivalent calendar \y
of operation in a particular plant operating state.

ear

of a nuclear power plant.

PRA maintenance: a change in the PRA that does not
meet the definition of PRA upgrade.

PRA upgrade: a change in the PRA that results in the
applicability of one or more SRs or Capability Catego-
ries that were not previously included within the PRA
(e.g., performing qualitative screening in Part 4 when
this HLR was previously not applicable or the addition
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reactor-year: a calendar year in the operating life of one
reactor, regardless of power level.

realism: an accurate representation (to the extent prac-
tical) of the expected response of the as-built, as-oper-
ated plant.

recovery: restoration of a function lost as a result of a
failed SSC by overcoming or compensating for its fail-
ure. It is generally modeled by using HRA techniques.

(

Copyright © 2022 by the American Society of Mechanical Engineers.
No reproduction may be made of this material without written consent of ASME.

@)



https://asmenormdoc.com/api2/?name=ASME ANS RA-S-1.1 2022.pdf

reference wind speed: refers to a set of specified wind
parameters associated with the use of wind speed as
the independent hazard and fragility parameter in
HWPRAs. The parameters required to define the ref-
erence wind (based on wind speed) include averaging
time, surface roughness, height above ground, and
direction.

safety function: function that must be performed to con-
trol the sources of energy in the plant and radiation
hazards.

safety systems: those systems that are designed to pre-
vent or mitigate a design-basis accident.

screening: a process that eliminates items from further
consideration based on their negligible contribution to

religbility: the complement of unreliability.

repdir: restoration of a failed SSC by correcting the cause
of failure and returning the failed SSC to its modeled
funttionality; generally modeled by using actuarial
datp.

repdir time: the period from identification of a compon-
ent|failure until it is returned to service.

resqurce expert: a technical expert with knowledge of a
parficular technical area of a PRA.

resgonse: a reaction to a cue for action in initiating or
recpvering a desired function.

resflonse spectrum: a curve calculated from an earthquake
accglerogram that gives the value of peak response in
tertps of acceleration, velocity, or displacement of a
darhped linear oscillator (with a given damping ratio)
as d function of its period (or frequency).

riskt probability and consequences of an event, as
expressed by the “risk triplet” that is the answer to the
follpwing three questions:

(#) What can go wrong?

(b) How likely is it?

(¢) What are the consequences if it occurs?

risk| achievement worth (RAW) importance measuté:_for a
spefified basic event, risk achievement worth-import-
ancp represents the increase in a selected figure of merit
when an SSC is assumed to be unable\to perform its
fungtion due to testing, maintenance, or-failure. It is the
ratip or interval of the figure of merit, evaluated with
the|SSC’s basic event probabiljtyset to one, to the base
cas¢ figure of merit.

riskprelevant consequencesf_the fire-induced failure of
any| risk-relevant targgt, or the fire-induced creation of
envfironmental conditions that may complicate or pre-
clugle credited pestfire operator actions.

risktrelevant ,dgtage targets: any equipment item or
cable whosedoperation is credited in the fire PRA plant
re%mse model or whose operation may be required to

supjposta credited postfire operator action.

the probability of an accident or its consequences, @r
from further analysis of a specific issue.

screening criteria: the values and conditions used to|deter-
mine whether an item is a negligible contributor to the
probability of an accident sequence or its consequences.

secondary combustible: combustible or flamirmable materi-
als that are not a part of the fire ignitiomrsource that may
be ignited if there is fire spread beyond the fire ignition
source.

secondary hazard: used in copnection with, and in con-
trast to, a primary hazafd. It is an additional hazard
effect that is induced by \the primary hazard.

seismic margin: seisaiic’margin is expressed in terms of
the earthquake inadtion level that compromises plant
safety, specificdlly leading to severe core damage. The
margin contept can also be extended to any particular
structure; function, system, equipment item, or com-
ponent for which “compromising safety” means suffi-
cient 10ss of safety function to contribute to core damage
either independently or in combination with other
failures.

seismic source: a general term referring to both seismo-
genic sources and capable tectonic sources. A seismo-
genic source is a portion of the Earth assumed to have
a uniform earthquake potential (same expected maxi-
mum earthquake and recurrence frequency), distinct
from the seismicity of the surrounding regions. A capa-
ble tectonic source is a tectonic structure that can gener-
ate both vibratory ground motion and tectonic surface
deformation such as faulting or folding at or near the
Earth’s surface. In a probabilistic seismic hazard analy-
sis, all seismic sources in the site region with a potential
to contribute to the frequency of ground motions (i.e.,
the hazard) are included.

seismic spatial interaction: an interaction that could cause
an equipment item to fail to perform its intended safety
function. It is the physical interaction of a structure,
pipe, distribution system, or other equipment item with
a nearby item of safety equipment caused by relative
motions from an earthquake. The interactions of con-
cern are

(a) proximitv effects

risk-relevant ignition source: any ignition source included
in the fire PRA fire scenario definitions that could cause
a fire that might induce a plant initiating event or
adversely affect one or more damage targets.

risk-significant: see definitions in Table 1-1.9-1.

safe stable state: a plant condition, following an initiating
event, in which RCS conditions are controllable at or
near desired values.

18

(b) structural failure and falling

(c) flexibility of attached lines and cables
severe accident: an accident that involves extensive core
damage and fission product release into the reactor
vessel and containment, with potential release to the
environment.

severity factor: severity factor is the probability that fire
ignition would include certain specific conditions that

(
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influence its rate of growth, level of energy emanated,
and duration (time to self-extinguishment) to levels at
which target damage is generated.

shall: used to state a mandatory requirement.
should: used to state a recommendation.

skill of the craft: actions that one can assume that trained

straight winds: wind hazards that do not have a pow-
erful rotational wind component. For example, straight
winds include thunderstorm and extratropical cyclone
winds.

success criteria: criteria for establishing the minimum
number or combinations of systems or components
required to operate, operator actions, or minimum lev-

Staff would be abie to reacdily perform without Writ-
ten procedures (e.g., simple tasks such as turning a
switch or opening a manual valve as opposed to a ser-
ies of sequential actions or set of actions that need to be
coordinated).

source of model uncertainty: the uncertainty associated
with the variability of an input of interest where the
input of interest can be derived or calculated via differ-
ent modeling approaches, where the selected approach
is not clearly more correct or does not represent a con-
sensus of the technical community, and where the choice
of modeling approach is known to have an impact on
the PRA model (e.g., introduction of a new basic event,
changes to basic event probabilities, change in success
criterion, or introduction of a new initiating event).

spectral acceleration: given as a function of period or fre-
quency and damping ratio (typically 5%), spectral accel-
eration is equal to the peak relative displacement of a
linear oscillator of frequency, f, attached to the ground,
times the quantity (27tf)% It is expressed in gravitational
acceleration (g) or centimeters per second squared
(cm/s?).

split fraction: a unitless quantity that represents the.con-
ditional (on preceding events) probability of chieesing
one direction rather than the other through-a branch
point of an event tree.

spurious operation: the undesired operation of equip-
ment resulting from a fire that could affect the capability
to achieve and maintain safe shutdown.

state of practice: those practicesthat are widely accepted
and implemented throughgutthe nuclear industry, that
have been shown to bestechnically acceptable in docu-
mented analyses or efigineering assessments, and that
have been shown t0 b€ acceptable in the context of the
intended applicatior.

state-of-knowledge correlation: the correlation that arises
between sample values when performing uncertainty
analysis for cutsets consisting of basic events by using
a sampling approach (e.g., the Monte Carlo method).
When the state of knowledge correlation is included, it
results, for each sample, in the same value being used

ific
are

C}D Uf PCL[UIII[GL[LC PCL L,Ullll.}UllClli. L}_ulillé o DPC
period of time to ensure that the safety functions
satisfied.

support system: a system that provides a support fi
tion (e.g., electric power, control power, or‘cooling
one or more other systems.

nc-
for

system failure: loss of the ability of.a s¥stem to perform a
modeled function.

target: may refer to a HW, @fire damage target, and/
or an ignition target. A _fite*"damage target is any ifem
whose function can be adversely affected by the mjod-
eled fire. Typicallysa(fire damage target is a cabl¢ or
equipment item-that belongs to the fire PRA cabl¢ or
equipment list.and that is included in event trees pnd
fault trees for ffire risk estimation. An ignition tafget
would be any flammable or combustible material to
which firé might spread.

target'set: a group of damage targets that will be assuthed
tosuffer fire-induced damage based on the same dpm-
age criteria and damage threshold in any given fire s¢en-
ario. The collection of target sets associated with alfire
scenario often represents a subset of the damage targets
present in the fire compartment but may also encpm-
pass all risk-relevant damage targets in a single phydical
analysis unit or a collection of damage targets in myilti-
ple physical analysis units. This definition implies fhat
all members of any single target set will be assumegl to
fail when the first member of the target set fails (i.e.,
“damage based on the same damage criteria and dpm-
age threshold”). Progressive or time-dependent sthtes
of fire damage may be represented through the flef-
inition of multiple target sets for a single fire scenpirio
(e.g., cables in raceways directly above a fire sotirce
versus cables in raceways remote from the fire souce).
The level of detail associated with target set definifion
will generally parallel the level of detail employedl in
fire scenario selection and analysis (e.g., screening l¢vel
analysis versus detailed analysis).

bf a
me

time available: the time period from the presentation
cue for human action or equipment response to the t
of adverse consequences if no action is taken.

top event: undesired state of a system in the fault free

for all basic event probabilities to which the same data
apply.
station blackout: complete loss of alternating current elec-

tric power to the essential and nonessential switchgear
buses in a nuclear power plant.

statistical model: a model in which a modeling parameter
or behavior is analyzed as a random variable with spec-
ified statistical characteristics.
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model (€.g., the failure of the system fo accomplish its
function) that is the starting point (at the top) of the
fault tree.

truncation limit: the numerical cutoff value of probabil-
ity or frequency below which results are not retained in
the quantitative PRA model or used in subsequent cal-
culations (such limits can apply to accident sequences/
cutsets, system level cutsets, and sequence/cutset data-
base retention).

(

Copyright © 2022 by the American Society of Mechanical Engineers.
No reproduction may be made of this material without written consent of ASME.

@)



https://asmenormdoc.com/api2/?name=ASME ANS RA-S-1.1 2022.pdf

unavailability: the probability that a system or component
is not capable of supporting its function including, but
not limited to, the time it is disabled for test or mainte-
nance. Total system unavailability includes unreliability.

uncertainty analysis: the process of identifying and char-
acterizing the sources of uncertainty in the analysis and
evaluating their impact on the PRA results and develop-

walkdown: physical inspection of relevant areas of the
nuclear power plant site (and its surroundings, as
necessary) to obtain or confirm information such that
the PRA model represents the as-built, as-operated
plant.

walkthrough: step-by-step consideration of a procedure
along with, if possible, visits to relevant locations and

PRI L +1 i i P 1
d Liucllllllall\/t ITITASUIT U UIC TALTIIT PlﬂLLlLCll.
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rtainty: a representation of the confidence in the
rmation or state of knowledge about the parameter
les and models used in constructing the PRA.

uniform hazard response spectrum: a plot of a ground
response parameter (e.g., spectral acceleration or spec-
trallvelocity) that has an equal likelihood of exceedance
at different frequencies.

unrpliability: the probability that a system or component
will not perform its specified function under given con-
ditipns on demand or for a prescribed time.

demonstration or actions.

wind-driven rain: wind-driven rain is rain that has ahor-
izontal velocity component from wind. Wind=driven
rain is an effect that may require consideration‘when
HWs damage a building, exposing interiorequipment
to water damage from rain water, drips,and splash.

wind effects: the physical loading effécts that can result
from HW hazards, including windpressure and atmo-
spheric pressure change, wind-generated missiles, struc-
tural interactions, wind-driver rain, and correlated
hazard effects.

20

(

Copyright © 2022 by the American Society of Mechanical Engineers.
No reproduction may be made of this material without written consent of ASME.

D



https://asmenormdoc.com/api2/?name=ASME ANS RA-S-1.1 2022.pdf

ASME/ANS RA-S-1.1-2022

Section 1-3
PRA Scope and Capabilities in Support of Risk-Informed
Applications

1-3.1 PURPOSE

This Section describes needed activities to establish
the capability of a PRA to support a particular risk-in-
formed application. For this Section, the term “PRA” (or
“PRA model”) can refer to either an integrated model
that includes all relevant hazard groups or multiple
PRA models that address one or more hazard groups.
For a specific application, PRA capabilities are evalu-
ated in terms of Capability Categories for individual
SRs rather than by specifying a single Capability Cate-
gory for the whole PRA. Depending on the application,
the required PRA capabilities may vary over and within
different Parts of this Standard. The process is intended
to be used with PRAs that have had a peer review that
meets the requirements of the Peer Review Section of
each respective Part of this Standard.

IDENTIFICATION OF APPLICATION
AND DETERMINATION OF CAPABILITY
CATEGORIES

1-3.2

1-3.2.1 Identification of Application

Define the application by

(a) evaluating the plant design or operational change
being assessed

(b) identifying the SSCs and planit activities affected
by the change including the cause-éeffect relationship be-
tween the plant design or operational change and the
PRA model

(c) identifying the hazard’groups, PRA model scope,
and PRA risk metrigs\that are needed to assess the
change

EPRI 3002014783 [1-2] and RG 1.174 [1-3] provide
guidance for the-above activities.

1-3.2.2 Determination of Capability Categories

Othéx\Parts of this Standard state SRs for the PRA
Capability Categories whose attributes are described in
Seetion 1-1.3.

written from the perspective of a specific hazazd |gfqup.
It is important to recognize that, for applicatipns whose
risk stems from more than one hazard group, these
definitions should be generalized to apply to the qum
of risks from all contributing hazard)groups. “Sighifi-
cance” should also be treated diftérently for those FRs
that refer to SRs in other hazardvgroups.

For the application, determine the relative impjort-
ance of each portion of the PRA for each hazard grpup
needed to support thé application. This determinafion
dictates which Capability Category is needed for dach
SR for each poztien of the PRA to support the applica-
tion. To detérmine these capabilities, an evaluatiof of
the application should be performed to assess the fole
of the BRA in supporting that application, including
determining the relative importance of SRs to the appli-
cation; identifying the portions of the hazard grpup
PRA relevant to the application; and for each releyant
portion, determining the Capability Category for dach
SR needed to support the application. When perfofm-
ing this evaluation, the following application attribjites
shall be considered:

(a) the role of the PRA in the application and ex
of reliance of the decision on the PRA results

(b) the risk metrics to be used to support the applica-
tion and associated decision criteria

(c) the significance of the risk contribution from
hazard group to the decision

(d) the degree to which bounding or conservafive
methods for the PRA or in a given portion of the fRA
would lead to inappropriately influencing the decisjons
made in the application and the approach(es) to|ac-
counting for this in the decision-making process

(e) the degree of accuracy and evaluation of unfer-
tainties and sensitivities required of the PRA results

(f) the degree of confidence in the results that is
quired to support the decision

ent

the

re-

For many of the 5Ks, the distinction between Capa-
bility Categories is based on the treatment of significant
contributors. Definitions in this Standard containing
the word “significance” or “significant” are generally
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(g theexternttowhict the decisiorns Trade i the
plication will impact the plant design basis

The Capability Categories and the bases for their
determination shall be documented.

ap-

(
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Section 1-4
Requirements for Use of Expert Judgment

1 PURPOSE

is Section states general requirements for use of

2 USE OF EXPERT JUDGMENT

is section states requirements for the use of expert
judpment outside of the PRA analysis team to resolve a
spefific technical issue.

uidance from NUREG/CR-6372 [1-4] and NUREG-
156B [1-5] may be used to meet the requirements in this
parpgraph. Other approaches, or a mix of these, may
alsq be used.

1-4/2.1 Objective of Using Expert Judgment

e PRA analysis team shall explicitly and clearly
deffne the objective of the information that is being
sought through the use of outside expert judgment and
shall explain this objective and the intended use of the
infgrmation to the expert(s).

1-4/2.2 Identification of the Technical Issue

e PRA analysis team shall explicitly and cleatly
defne the specific technical issue to be addressed(by the

1-4/2.3 Determination of the Need for Qutside Expert
Judgment

e PRA analysis team may eleet\to resolve a tech-
nicql issue by using their own expert judgment or the
judpment of others within their.organization.
e PRA analysis team\shall use outside experts
when the needed expeptise-on the given technical issue
is not available withifi\the analysis team or within the
teain’s organization’-Fhe PRA analysis team should use
outpide experts{eyen when such expertise is available
inside, if ther&is a need to obtain broader perspectives
for pny of thefollowing or related reasons:

(§) Qomplex experimental data exist that the analysts
knqwi\have been interpreted differently by different out-

(d) Uncertainties are large and risk significant,.and
judgments of outside technical experts are useftl in il-
luminating the specific issue.

1-4.2.4 ldentification of Expert JudgmentProcess

The PRA analysis team shall determirfe

(a) the degree of importance afd-the level of com-
plexity of the issue

(b) whether the process will tise a single entity (indi-
vidual, team, company, etc.) that will act as an evaluator
and integrator and will\be’responsible for developing
the community distribiition or a panel of expert evalua-
tors and a facilitatqpr/integrator

The facilitatot/integrator shall be responsible for
aggregating(the judgments and community distribu-
tions of the panel of experts so as to develop the compos-
ite distribution of the informed technical community.

1-4:25 ldentification and Selection of Evaluator
Experts

The PRA analysis team shall identify one or more
experts capable of evaluating the relative credibility of
multiple alternative hypotheses to explain the avail-
able information. These experts shall evaluate poten-
tial hypotheses and bases of inputs from the literature,
and from proponents and resource experts, and shall
provide

(a) their own input

(b) their representation of the community distribu-
tion

1-4.2.6 ldentification and Selection of Technical
Issue Experts

If needed, the PRA analysis team shall also identify
other technical issue experts such as

(a) experts who advocate particular hypotheses or
technical positions (e.g., an individual who evaluates
data and develops a particular hypothesis to explain the
data)

(b) technical experts with knowledge of a particular

side experts.

(b) More than one conceptual model exists for inter-
preting the technical issue, and judgment is needed as
to the applicability of the different models.

(c) Judgments are required to assess whether bound-
ing assumptions or calculations are appropriately con-
servative.

22

technical subject of relevance to the issue

1-4.2.7 Responsibility for the Expert Judgment

The PRA analysis team shall assign responsibility for
the resulting judgments to an integrator or the experts.
Each individual expert shall accept responsibility for
their individual judgments and interpretations.

(
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Section 1-5
PRA Configuration Control Program

1-5.1 INTRODUCTION

This Section states requirements for a configuration control program to support the use of a,PRA in 1
informed decisions for nuclear power plants. The HLRs and SRs for this PRA Configuration Contrpl (CC) Prog
are contained in Table 1-5.3-1, Table 1-5.3-2, Table 1-5.3-3, Table 1-5.3-4, Table 1-5.3-5, and Table 1-5.3-6. As these
administrative requirements, there is no gradation across Capability Categories. A discussion of the requiremen
presented below.

1-5.2 OBJECTIVE

The objective of the configuration control program is to ensure that when a PRAUis to be used in risk-inforr
decisions, it represents the as-built, as-operated plant at the time of the decisidnFurthermore, it ensures that
updates of the PRA are consistent with the technical requirements of this Stanidard.

Table 1-5.3-1 High Level Requirements for PRA-Configuration Control (CC) Program

isk-

are
s is

hed
hny

Designator Reguirement

HLR-CC-A The PRA Configuration Control Programshall include a process for monitoring changes to the pl
design, operation, PRA technology, ahd'industry experience and for collecting updated performa
information that could result in changes to PRA inputs.

hnt
hce

HLR-CC-B The PRA Configuration ContrglProgram shall include a process that maintains and upgrades the
PRA to be consistent with the as-built, as-operated plant.

HLR-CC-C The PRA Configuration(Control Program shall consider the cumulative impact of pending changgs
in the performance of'risk applications.

HLR-CC-D The PRA Configuration Control Program shall include a process that maintains configuration control
of computer dedes and associated files used to support PRA.

HLR-CC-E The PRA Configuration Control Program and its implementation shall be documented.
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Table 1-5.3-2 Supporting Requirements for HLR-CC-A

The PRA Configuration Control Program shall include a process for monitoring changes to the plant design, operation,
PRA technology, and industry experience and for collecting updated performance information that could result in changes
to PRA inputs (HLR-CC-A).

Index No.
CC-A Requirements

CCyAt IMPEEMENT @ process 10 track piant Changes, PR Technology, and Tetated M ustry equipIment
performance/operational experience focused on collecting the necessary information to update PRA
inputs.

CC{A2 In the information collected, INCLUDE the plant-specific changes in design, operation, and majintenance
of the plant that impact, for example, the following;:

(a) operating procedures and practices (e.g., operations orders)
(b) emergency and abnormal operating procedures
(c) design configuration

(d) initiating event frequencies

(e) system or subsystem unavailabilities

(f) component failure rates

(¢) maintenance policies

(h) operator training

(i) technical specifications

(j) engineering calculations

(k) emergency plan

(I) accident management programs

CCiA3 In the information collected, INCLUDE changes to exterral facilities, sources of external hazards, or
internal or external features that impact how external hazards may affect the plant. Such information
may include, but is not limited to
(1) changes in dam operating procedures that impaet water release strategies
(b) regional changes that impact riverine floodifag hazard analysis
(c) capabilities of external response centers if.such centers are credited in the PRA

CC{A4 In the information collected, INCLUDE e¢hanges in industry experience that could impact
(a) estimation of initiating event frequencies
(b) generic system or subsystem unayailabilities
(c) generic component failure rates
(d) initiating events

CCHA5 In the information collected INCLUDE changes to the PRA technology that could change the results of
the PRA model.

Table 1-5.3-3 Supporting Requirements for HLR-CC-B
The PRA Configuration ContfolProgram shall include a process that maintains and upgrades the PRA to be consistent with
the jps-built, as-operated plant (HLR-CC-B).
Index No.
CC-B Requirements

CCiB1 EVALUATE changes in PRA inputs or new information identified pursuant to HLR CC-A to determine
whether such information warrants PRA maintenance or PRA upgrade. INCLUDE in the PRA changes
identified per HLR-CC-A.

CCiB2 INCLUDE in the PRA those maintenance or upgrade changes implemented per HLR-CC-A that would
;JJ Ll,la\,t liD}\ 0;61 l;f;\,allt ;1[3;6} lto.

CC-B3 PERFORM a peer review of portions of the PRA that are affected by a PRA upgrade in accordance with
the applicable requirements specified in Section 1-6. The scope may be limited within a technical element
to only the SRs that are germane to a specific PRA upgrade.

CC-B4 ENSURE that changes to the PRA due to PRA maintenance or upgrade meet the requirements of the
Technical Requirements section of each respective Part of this Standard.

CC-B5 REVIEW maintenance or upgrade changes made to the PRA by using a utility-approved process.
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Table 1-5.3-4 Supporting Requirements for HLR-CC-C

The PRA Configuration Control Program shall consider the cumulative impact of pending changes in the performance of
risk applications (HLR-CC-C).

Index No.
CC-C Requirements
CC-C1 IDENTIFY plant changes that have been identified to have a potential impact on PRA.
CC-C2 IDENTIFY known industry issues or events and PRA technology changes that may have an impact oy

the PRA model.

The PRA Configuration Control Program shall include a process that maintains configuration egrtrol of computer cd
used to support and perform PRA analyses (HLR-CC-D).

Table 1-5.3-5 Supporting Requirements for HLR-CC-D

des

Index No.
CC-D Requirements
CC-D1 ENSURE that the computer codes and associated files used-to support and to quantify the

PRA are controlled to ensure consistent, reproducible results.

The PRA Configuration Control Program and its implementation shall be documented (HLR-CC-E).

Table 1-5.3-6 Supporting Requirements for HLR-CC-E

Index No.
CC-E

Requirements

CC-El

DOCUMENT the Configuration Confrol Program and the performance of the above elements in a
manner adequate to demonstrate_that the PRA is being maintained consistently with the as-built, as-
operated plant. The documentation typically includes

(a) adescription of the process-used to monitor PRA inputs and collect new information

(b) evidence that the aforementioned process is active

(c) descriptions of preposed and implemented changes

(d) a description of changes in a PRA due to each PRA upgrade or PRA maintenance

(e) arecord of théyperformance and results of the appropriate PRA reviews (consistent with the
requirements pf‘Section 1-6.6)

(f) arecord of the process and results used to address the cumulative impact of pending changes
(g) adegcription of the process used to maintain software configuration control

(h) arecord of the process and results used to evaluate changes on previously implemented risk-
infoffed decisions

CC-E2

DOCUMENT the bases for the changes made to the PRA model.
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Section 1-6
Peer Review

1 PURPOSE

is Section states requirements for peer review of

eer reviewed. The peer review shall assess the
to the extent necessary to determine whether the

ass¢ss all aspects of the PRA against all requirements
in the Technical Requirements section of each respec-
tivg Part of this Standard but must address all SRs rele-
vart to the scope of the peer review. However, enough
asppcts of the PRA shall be reviewed for the reviewers
to achieve consensus on the adequacy of the assessment
of ¢ach applicable SR as well as on the methods and
thefr implementation for each PRA technical element.

1-6
A prerequisite for performing the peer review is.that
the| PRA has documented the supporting analyses/
caldulations, including the independent reviews per-
formed, and a self-assessment of the PRA has-been con-
dudted to establish the extent to which ‘thé PRA meets
the[requirements of this Standard. {Ihe results of the
selfrassessment process shall be documented.

1.1 Documentation and Self-Assessment

1-6}1.2 Scope

er reviews shall be petformed against the require-
ts in those Parts of this Standard that are applica-
o the hazard groups of the PRA that are being used
pport risk-inférmed decisions. It is permissible to
uct a separate and distinct peer review for each rel-
t hazard’or individual elements of a hazard group.
Thip Startdard does not require that a single peer review
integtdted across all hazard groups of the PRA.

“focused—

(c) to close significant deficiencies from previdus
peer reviews

When included in the scope of a peer review,a newly
developed method shall be reviewed following the ded-
icated requirements discussed in Sectio-137.

1-6.1.3 Peer Review Process

The review shall be performed-ising a written process
that assesses the requirements'of the Technical Require-
ments section of each respective Part of this Standard
and addresses the requitements of the Peer Review Sec-
tion of each respectitzeyPart of this Standard.

The peer review ‘process shall consist of the following
elements:

(a) selectioh of the peer review team

(b) training in the peer review process

(c) ;an‘approach to be used by the peer review team
forcassessing if the PRA meets the supporting require-
ments of the Technical Requirements section of each re-
spective Part of this Standard

(d) management and resolution of potential differing
professional opinions

(e) documentation of the results of the review

1-6.2 PEER REVIEW TEAM COMPOSITION AND
PERSONNEL QUALIFICATIONS

1-6.2.1 Collective Team

The peer review team shall consist of personnel
whose collective qualifications include

(a) the ability to assess all the PRA technical elements
of the Technical Requirements section of each respective
Part of this Standard, as applicable, and the interfaces
between those elements

(b) the collective knowledge of the plant nuclear
steam supply system design, containment design, and
plant operation

1-6.2.2 Individual Team Members

elscope of the peer review mav be o
r I J

scope” peer review. A focused-scope peer review is
a subset of a complete (full-scope) peer review and
involves specified SRs. A focused-scope peer reviewed
may be requested

(a) to support a specific application that does not in-
volve the complete hazard specific PRA model

(b) to address changes to the PRA model as a result of

26

The peer review team members individually shall be

(a) knowledgeable of the requirements in this Stan-
dard for their area of review

(b) experienced in performing the activities related
to the PRA technical elements for which the reviewer is
assigned

(c) independent from the team that developed the
PRA model or the method being peer reviewed

upgrades, or
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(d) subject matter experts included to judge the tech-
nical adequacy of non-PRA engineering evaluations
and to confirm that the applicable envelope defining the
limits of the method are identified

(e) prohibited from reviewing work performed by a
direct supervisor or work they have directly supervised

The peer reviewer shall also be knowledgeable (by
direct experience) of the specific method, code, tool,
or approach (e.g., large event-tree linking approach,
Modular Accident Analysis Program (MAAP) code,
Technique for Human Error Rate Prediction (THERP)
method, external hazard analysis, fragility assessment
and walkdowns) that was used in the PRA technical
element assigned for review. Understanding and com-
petence in the assigned area shall be demonstrated by
the range of the individual’s experience in the number
of different, independent activities performed in the
assigned area, as well as the different levels of complex-
ity of these activities:

(a) One member of the peer review team (the technic-
al integrator) shall be familiar with all the PRA technical
elements identified in the relevant Part of this Standard
under review and shall have demonstrated the capa-
bility to integrate these PRA technical elements. When
more than one Part is under review, a separate technical
integrator may be used for each Part.

(b) The peer review team shall have a team leader
to lead the team in the performance of the reviews The
team leader need not be the technical integrator.

(c) The peer review shall have at least twdfeviewers
dedicated to each reviewed technical elenient to ensure
that consensus can be reached on the technical adequa-
cy of the PRA being reviewed and be_¢onducted over a
period of time adequate to ensure that reviewed tech-
nical element receives the attention necessary to assess
the technical adequacy.

(d) Exceptions to thefrequirements of this paragraph
may be taken based(of the nature of the PRA model
change. A single-person peer review shall be justified
only when the.feview involves an upgrade of a single
element and-thie reviewer has acceptable qualifications
for the technologies involved in the upgrade. All such
exceptiérsshall be documented in accordance with Sec-
tion.%-6:6 of this Standard. Regardless of any such ex-
ceptions, the collective qualification of the review team

(e) If the peer reviewer is reviewing a newly devel-
oped method, the reviewer shall be knowledgeable of
the technical subject addressed by the newly developed
method. Understanding and competence of the newly
developed method shall be demonstrated by the range
of the individual’s experience in that technical subject.
Subject matter experts should be included to judge the
technical adequacy of non-PRA engineering evaluations

and to confirm that the applicable envelope defining the
limits of the method are identified.

1-6.3 REVIEW OF PRA TECHNICAL ELEMENTS TO
CONFIRM THE METHODS USED

The peer review team shall use the requirements of
. ) . - he toch-

each PRA technical element meet the requirementp of
this Standard. Additional material for those elem¢nts
may be reviewed depending on the restlts obtained.
The judgment of the reviewer shall”be used to ddter-
mine the specific scope and depthvof the review in dach
PRA technical element and theaeed for walkdowns|

The results of the appropriate hazard group PRA,
including models and¢assumptions, and the resplts
of each PRA technieal element shall be reviewed to
determine their reasonableness given the design hnd
operation of théplant (e.g., investigation of cutse} or
sequence combittations for reasonableness).

Any newty developed method included in the scppe
of the peer review is reviewed against the reqire-
mentsof Section 1-7. It is noted that a newly developed
method can be peer reviewed within the scope ¢f a
plant PRA (i.e., concurrently with its implementation
in a plant PRA) or via a dedicated stand-alone peer
review. If newly developed methods are peer-revieyed
concurrently with the implementations of methods} all
specific requirements for the newly developed methods
peer review shall be met. If the implementation of|the
method is peer reviewed in a separate peer review, gnly
the applicable requirements for the scope of the revjiew
need to be met.

Even if exceptions to the requirements of Secfion
1-6.2.3(c) occur, concerning the composition of the peer
review team or the duration of the review, all SRs rele-
vant to the scope of the peer review of the PRA are tp be
reviewed.

The extent of a focused-scope peer review includef all
SRs (e.g., not just those for which significant deficjen-
cies were cited), within the HLRs containing SRs with
significant deficiencies. New significant deficienfies
may be issued even for SRs that did not have previous
significant deficiencies, as a focused-scope peer review
encompasses all the SRs within an affected HLR.

The use of expert judgment to implement require-
ments in this Standard shall be reviewed using the gen-
eral requirements in Section 1-4.2.

1-6.5 PRA CONFIGURATION CONTROL PROGRAM

The peer review team shall review the process, includ-
ing implementation, for maintaining or upgrading the
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PRA against the configuration control requirements of
this Standard. The PRA configuration control program
is reviewed against the requirements presented in Sec-
tion 1-5.

1-6.6 DOCUMENTATION
1-6.6 Daar Reavie =
Tlhe peer review team’s documentation shall demon-
strdte that the review process appropriately imple-
mefted the review requirements. Specifically, the peer
revlew documentation shall include the following:

/) identification of the version of the PRA reviewed
b) a statement of the scope of the peer review

(¢) the names of the peer review team members

(#) a brief resume for each team member describing
individual’s employer, education, PRA training, and
PRA and PRA technical element experience and exper-

—

(¢) the elements of the PRA reviewed by each team
nber

(P adiscussion of the extent to which each PRA tech-
nicdl element was reviewed, including justification for
any| supporting requirements within the peer review
scope that were not reviewed

(%) results of the review identifying any differences
betfveen the requirements in the Technical Require-
mefts section of each respective Part of this Standard
and Section 1-5 and the method implemented, defined
to { sufficient level of detail that will allow the resolu-
tior} of the differences

(h) identification and significance of exceptions and
gaps relative to this Standard’s requirements, in suffi-
cient detail to allow the resolution of the gaps that the
peer reviewers have determined to be material to the
PRA

(i) an assessment of PRA assumptions that the peer

- . . RA

(j) differences or dissenting views among peer fé-
viewers

(k) recommended alternatives for resolution’ of any
differences

(I) an assessment of the Capability Category of the
SRs (i.e., identification of what Capability Category is
met for the SRs)

(m) peer-review consistent with" newly developed
method requirements

1-6.6.2 Resolution of P€er Review Team Comments

Resolution of defigiencies against the requirements of
this Standard that are‘identified by the peer review team
shall be documented. The resolution of these deficien-
cies shall déscribe how each was addressed such that
the assocfatéd SR can be demonstrated to be met. The
documentation shall indicate whether the deficiency is
resolved via PRA maintenance or a PRA upgrade. The
determination of whether the resolution adequately
eliminates the deficiency shall be made by one or more
individuals who meet the qualification requirements of
Section 1-6.2.2.
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Section 1-7
Newly Developed Methods

1-7.1 INTRODUCTION

This Section states requirements for Newly Devel-
oped Methods (NM) explicitly developed for use in
PRA to support risk-informed decisions for nuclear
power plants. The HLRs and SRs for the newly devel-
oped methods are contained in Table 1-7.2-1, Table
1-7.2-2, Table 1-7.2-3, Table 1-7.2-4, Table 1-7.2-5, Table
1-7.2-6, and Table 1-7.2-7.

1-7.2 OBJECTIVE

The objectives of the newly developed methods
requirements are to ensure that a newly developed
method is technically adequate and

(a) has a clearly defined scope and limitations

(b) is based on sound engineering and relevant science

(c) has proper treatment of assumptions and uncer-
tainties

(d) isbased on appropriate and well-understood data

(e) produces results that are consistent with expectas
tions

(f) is clearly documented in such a way that kilq
edgeable personnel can understand it withotlt ambi
ty and that there is enough documentation'so that it
be peer reviewed.

The objectives above are intended-to be applicabl
a large spectrum of methods, although it is underst
that not all the SRs could be applicable to all meth
In some cases, depending\on’ the method, scope,
purpose, some of the SRs may not be applicable
addition, the SRs are ,designed to be able to addre
stand-alone methed \(i.e., independent from its im
mentation on a specific plant PRA). It is recognized {
in some circumstances, a method can be so plant or
specific (espécially in the external hazard domain) th
full review of the method can be performed only wi
its implementation. In such cases, it is envisioned
seme of the Newly Developed Methods SRs could
overlapping with Part-specific SRs (e.g., SRs in Par
In such cases, the technical SRs in the appropriate |
may take priority over some Newly Developed M
ods SRs.

Table 1-7.2-1 High Level Requirements for Newly Developed Methods (NM)

wl-
b Ui
can

P to
bod
ds.
hnd

In
bS a
ble-
hat,
site
at a
hin
hat

be
8).
Part
bth-

Designator Requirement

HLR-NM-A The purpgeseand scope of the newly developed method shall be clearly stated.

HLR-NM-B The newly developed method shall be based on sound engineering and science relevant to its
purpose and scope.

HLR-NM-C The‘data (note that data can be numeric or non-numeric in nature) shall be relevant to the
néewly developed method, technically sound, and properly analyzed and applied.

HLR-NM-D Uncertainties in the newly developed method shall be characterized. Sources of model uncertaintjes
and related assumptions shall be identified.

HLR-NM-E The results of the newly developed method shall be reproducible, reasonable, and consistent with
the assumptions and data, given the purpose and scope of the newly developed method.

HER-NM-F The documentation of the newly developed method shall provide traceability of the work and

P . . el 1 1 1 1 1 1 A 11
IACIITIIATE TTICOTPUTAUUIT U UIC ITEWTY UCVEIUPTU ITITUTOU IIT 4 ' IRA TTTOUCTT.
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Table 1-7.2-2 Supporting Requirements for HLR-NM-A

The purpose and scope of the newly developed method shall be clearly stated (HLR-NM-A).

Index No.
NM-A Requirements

NM-A1 ENSURE that the stated purpose of the newly developed method (i.e., what is being achieved by the
newly developed method) is consistent with the scope (established boundary) of the newly developed
JaLS LI lUL,‘l.

NM-A2 ENSURE that the applicability and limitations of the newly developed method are consistent with thé
purpose and scope in SR NM-A1.

NM-A3 Based on the limitations and applicability of the newly developed method, IDENTIFY the areas'ef the

PRA for which the newly developed method is intended to be used and those for which it is Specifically
not intended (e.g., hazards, technical elements, plant features, SRs impacted by the newly d¢veloped
method).

Table 1-7.2-3 Supporting Requirements for HLR-NM-B

The newly developed method shall be based on sound engineering and science relewant to its purpose and scope

(HL{R-NM-B).
Index No.
INM-B Requirements

NM-B1 ESTABLISH the technical bases for the newly developed amfiethod by using approaches founded on
established mathematical, engineering, and/or scientific’ptinciples (e.g., established through operating
experience, tests, benchmarking, or acceptance by thescientific community).

NM-B2 If empirical models are used, ENSURE that they are supported by sufficient data, which are relevant to
the newly developed method and, to the extentpéssible, that the experimental data have been shown to
be repeatable.

NM-B3 IDENTIFY assumptions used to develop(the technical bases of the newly developed method.

NM-B4 JUSTIFY the rationale for the assumptions identified in SR NM-B3 (e.g., backed by appropriate

operational experience).

Table 1-7.2-4 Supporting Requirements for HLR-NM-C

The data (note that data can be numeric or non-numeric in nature) shall be relevant to the newly developed method, tech-
nicdlly sound, and properly analyzed and applied (HLR-NM-C).

Index No.
NM-C Requirements

NM-C1 IDENTIFY the data needed in the development of the newly developed method (e.g., relevant plant-
specific data, industry-wide current operating experience and data, or experimental or test data).

NM-C2 COLLECT relevant data consistent with current technical state of practice.

NM-C3 DEMONSTRATE that the data used, including experimental data or test data, are relevant to and
support the technical basis of the newly developed method.

N A SRPECIEY tha basicsforexclusion-of-dataidantifieadin-SR NM_C1

NM-C5 ANALYZE data (e.g., modifications to the data, use of data in a different context or beyond
the original ranges, statistical analysis) using technically sound basis or criteria.

NM-C6 ENSURE that data are applied consistently with the purpose and scope of the newly developed method.
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Table 1-7.2-5 Supporting Requirements for HLR-NM-D

Uncertainties in the newly developed method shall be characterized and their potential impact on the newly developed
method understood (HLR-NM-D).

Index No.
NM-D Requirements
NM-D1 CHARACTERIZE the parameter uncertainties associated with the newly developed method consistent

fiNote {1}

WlUl Ule ulteuueu SCOpE dIlU. purposc ol Ult! IlleUlUu, Ullb LIlddeIe[lLdUUIl dy uluuue, 10T eXdIllplt},
specifying the uncertainty range, qualitatively discussing the uncertainty range, or identifying the
parameter estimate as conservative or bounding.

NM-D2 IDENTIFY the sources of model uncertainty associated with assumptions identified in SR NM-B3.

NM-D3 CHARACTERIZE the model uncertainties (identified in SR NM-D2) associated with the' newly
developed method; this characterization may be in the form of sensitivity studies.

NOTE:

(1) Depending on the purpose and scope of the method, uncertainty distributions may need to be expligitly calculated to allow for
application of a method for risk-significant items to meet CC-II of related technical SRs in other Parts-ef this Standard.

Table 1-7.2-6 Supporting Requirements forHLR-NM-E

The results of the newly developed method shall be reproducible, reasonablefand consistent with the assumptions
data, given the purpose and scope of the newly developed method (HLR-NM-E).

hnd

Index No.
NM-E Requirements

NM-E1 REVIEW the results from the newly developedunethod to determine that they are reproducible,
reasonable, and consistent with assumptions,anid data addressed in the SRs under HLR-NM-B and H] R-
NM-C.

NM-E2 COMPARE the results of the newly developed method with existing methods and, when possible,
IDENTIFY causes for substantial differences.

NM-E3 ENSURE uncertainties do not preclude meaningful use of the newly developed method results.

Table 1-7.2-7 Supporting Requirements for HLR-NM-F

The documentation of the newly developed method shall provide traceability of the work and facilitate incorporatio
the newly developed method-in-a PRA model (HLR-NM-F).

h of

Index No.

NM-F

Requirements

NM-F1

DOQCUMENT the newly developed method specifying what is used as input, the technical basis, and
the implementation limitations by addressing the following, as well as other details needed to fully
document how the set of the newly developed method SRs are satisfied:

(a) the purpose and scope of the newly developed method

(b) the intended use of the newly developed method

(c) the limitations of the newly developed method

(d) the technical basis for the newly developed method

(e) the sources of data and the collection process in support of the newly developed method

(f) the assumptions and uncertainties associated with the newly developed method

(g) the interpretation of the results of the newly developed method in the framework of the intended
use and application

NM-F2

DOCUMENT the intended process by which the newly developed method can be applied to a PRA
model consistently with the intended use of the newly developed method and taking into
account the purpose, scope, and limitations.
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Section 1-8
References

References are cited here and in other Parts of this
Stapdard as guides to the user. The user is cautioned
that (a) the reference is not to be interpreted that there
is afconsensus approval on the technical acceptability of
the|reference and (b) there may be more recent versions
of the references or alternative documents more perti-
neryt to particular PRA applications.
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NONMANDATORY APPENDIX 1-A
MEANINGS OF ACTION VERBS

This Standard uses action verbs to state requirements.
Dictionaries provide multiple meanings for most verbs.
Table 1-A-1 states, with examples, the meanings of action
verbs as used in this Standard. The relevant dictionary

[e.g., Random House Unabridged (dictionaty.cd
Merriam-Webster (merriam-webster.com)j with a
modifications to address specific usage in this Stand

Table 1-A-1 List of Action Verbs

meanings were derived from American djetionaries

m),
few
hrd.

Action Verb Relevant Dictionary Meaning Examples of Usage in This:Standard

ADDRESS To direct the efforts or attention to An example of the appropriate usage of the action verb can be found in SR HR-G3|in
Part 2, where CC-l states, when estimating"\tHEPs, ADDRESS specific items.

ADJUST To bring to a more satisfactory state An example of the appropriate usage0f'the action verb can be found in SR WPR-OJ8
in Part 7, which states ADJUST the cfedited recovery models based on results of SR
WPR-D6.

ANALYZE To examine critically so as to bring out  An example of the appropriate usage of the action verb can be found in SR WHA-(3

the essential elements in Part 7, where CC-ll states ANALYZE thunderstorm and nonthunderstorm data
separately.

ASSESS To determine the importance, size, or  An example of the-appropriate usage of the action verb can be found in SR QU-C2[in

value of Part 2, which(states ASSESS the degree of dependency between HFEs.

ASSOCIATE To connect or bring into relation An exampte’'of the appropriate usage of this action verb can be found in SR CS-A1in
Part 4y Where CC-ll states ASSOCIATE cables with equipment failure modes specififc to
each-cable.

ASSUME To take for granted without proof An example of the appropriate usage of this action verb can be found in SR SC-A5|in
Part 2, where CC-l states ASSUME core damage where stable plant conditions woyld
not be achieved within 24 hrs using modeled plant equipment and human action.

AUGMENT To make greater, more numeroiis, or An example of the appropriate usage of the action verb can be found in SR IE-C13{in

larger Part 2, where CC-| states AUGMENT rare initiating events with applicable generic data
sources.

BASE To make, form, gf'serve as a base for ~ An example of the appropriate usage of the action verb can be found in SR DA-C7[in
Part 2, where CC-Il states BASE the number of unplanned maintenance acts on acfual
plant experience.

CALCULATE To determine by mathematical CALCULATE involves a mathematical process, whereas ESTIMATE does not necessgrily

pregesses, compute involve a calculation (e.g., quantification of a probability or frequency) and can b¢
derived qualitatively.
An example of the appropriate usage of the action verb can be found in SR LE-D1 jn
Part 2, which states CALCULATE the containment ultimate capacity for containment
challenges.

CHARACTERIZE To describe the character or quality of  In this Standard, CHARACTERIZE is used with respect to sources of uncertainty.

An example of the appropriate usage of the action verb can be found in SR IGN-A9 in
Part 4, where CC-l states CHARACTERIZE the uncertainty for those ignition frequencies
associated with fire scenarios that are risk-significant contributors.

COLLECT To bring together into one body or An example of the appropriate usage of the action verb can be found in SR SY-A2

place

in Part 2, which states COLLECT pertinent information to ensure that the systems
analysis appropriately represents the as-built, as-operated systems.
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Table 1-A-1 List of Action Verbs (Cont’d)

Action Verb Relevant Dictionary Meaning Examples of Usage in This Standard
COMPARE To examine the character or qualities ~ An example of the appropriate usage of the action verb can be found in SR QU-D4 in
of especially in order to discover Part 2, which states COMPARE results to those from similar plants.

similarities or differences

COMPILE To put together (documents, or other

An example of the appropriate usage of the action verb can be found in SR XFHA-A1

COMPLETE To bring to an end and especially into  An example of the appropriate usage of the action verb can be found in SR I[FHR-B3
a perfected state in Part 3, where CC-I and CC-Il state COMPLETE the definition of HFEs identifiedin\SR
IFHR-B1 and SR IFHR-B2 by including the relevant internal flood-related contexts

CONFIRM To give new assurance of the validity of An example of the appropriate usage of the action verb can be found inSRWHA-A7 in
Part 7, which states CONFIRM that the HW hazard screening correctly represents the
as-built, as-operated configuration of the plant.

CONBTRUCT To make or form by combining or An example of the appropriate usage of the action verb candg.found in SR PRM-A2

arranging parts or elements in Part 4, which states CONSTRUCT the fire PRA plant response model so that it is
capable of determining CDFs and LERFs once the fire freguencies are also applied to
the quantification.

COUNT To indicate or name by units or groups An example of the appropriate usage of the actiefiverb can be found in SR DA-C5
so as to find the total number of units  in Part 2, which states COUNT repeated plant:specific component failures occurring
involved within a short time interval as a single failufe if there is a single, recurring problem

that causes the failures.

DO NOT COUNT An example of the appropriate usage-of the action verb can be found in SR DA-C7
in Part 2, which states DO NOT-=COUNT additional demands from post-maintenance
testing.

CREATE To make or bring into existence An example of the appropriate usage of the action verb can be found in SR IFEV-A2

something new in Part 3, where CC-1'ahd"CC-1l state CREATE a new initiating event group if an

appropriate initiating event group does not exist.

(TAKE) CREDIT  To account for the impacts or effects In the context ofthis Standard, CREDIT is a subset of INCLUDE and, as an action

of something, which is typically verb, is onlyitsed in Part 4. Its usage is limited to requirements to including or

beneficial excludingdn item because it provides a potential risk benefit or reduction. Credit is
used frequently in the text of Part 3 and Part 4, where it pertains to drains and flood
mitigation systems and to fire detection and suppression.

An example of appropriate usage of the action verb is in SR CF-A1 in Part 4, where CC-
Il states CREDIT the mitigating effects of limited hot short duration in the analysis.

DO NIOT (TAKE) An example of appropriate usage of the action verb is in SR LE-C9 in Part 2, where CC-|
CREDIT states DO NOT TAKE CREDIT for continued equipment operation or operator actions in
adverse environments.
DEFINE To determine or identify the essential ~ An example of the appropriate usage of the action verb can be found in SR AS-A8 in
qualities or méanjng of Part 2, which states DEFINE the end state of the accident sequence as occurring when
either a core damage state or a steady state condition has been reached.
DELINEATE To deserihye, portray, or set forth with ~ An example of the appropriate usage of the action verb can be found in SR AS-A7 in
accuracy or in detail Part 2, which states DELINEATE the possible accident sequences for each modeled

initiating event.

DEMONSTRATE Jo prove or make clear by reasoning or An example of the appropriate usage of the action verb can be found in SR SY-A18 in
evidence Part 2, which states DEMONSTRATE that the exclusion of specified conditions do not
impact the results.

DERME Foreceive-orobtairespeciaty-froma—rAnexampteoftheappropriate-tsageof- the-actonverbeanbefotmd-SRXHAAS
specified source in Part 9, which states DERIVE a mean hazard curve accounting for model and
parameter uncertainties.
DESCRIBE To represent or give an account of in An example of the appropriate usage of the action verb can be found in SR QU-F2 in
words Part 2, which states DESCRIBE significant accident sequences or functional failure
groups.
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Table 1-A-1 List of Action Verbs (Cont’d)

Action Verb Relevant Dictionary Meaning Examples of Usage in This Standard
DETERMINE To find out or come to a decision An example of the appropriate usage of the action verb can be found in SR XFHA-C7
about by investigation, reasoning, or  in Part 8, which states DETERMINE that a following factor is not applicable to the
calculation analysis of riverine flooding.
DEVELOP To bring out the capabilities or An example of the appropriate usage of the action verb can be found in SR AS-B5
pesstiitesof H————hich-States DEVYELO R theaecidentseguercemoaetstoatevetofdetat
sufficient to identify intersystem dependencies and train-level interfaces.

DOCUMENT To furnish documentary evidence of An example of the appropriate usage of the action verb can be found in SR AS*

C2 in Part 2, which states DOCUMENT the sources of model uncertainty, related
assumptions, and reasonable alternatives associated with the accident sequence
analysis.

ENSURE To make sure or certain An example of the appropriate usage of the action verb can befound in SR QU-DYfin
Part 2, which states ENSURE that sufficient accident sequencCes/cutsets are revieyved
to support this conclusion.

ESTABLISH To bring into being on a firm basis An example of the appropriate usage of the action'verb can be found in SR NM-BY in
Part 1, which states ESTABLISH the technical bases for the newly developed method.

ESTIMATE To form an approximate judgement or ~ ESTIMATE does not necessarily involve a calculation (e.g., quantification of a

opinion regarding the value, amount,  probability or frequency), and an estinfate can be derived qualitatively, whereas
size, etc.; to calculate approximately =~ CALCULATE involves a mathematical pfocess.
An example of the appropriatequsage of the action verb can be found in SR HR-G5
in Part 2, where CC-| states(ESTIMATE the time required to complete actions when
needed for the calculation'of an HEP.
EVALUATE To determine or set the value or An example of the appropriate usage of the action verb can be found in SR LE-C1]
amount of; appraise in Part 2, where CGMstates EVALUTE containment bypass events in a conservative
manner.

EXPLAIN To make plain, clear, or intelligible An example of the appropriate usage of the action verb can be found in SR IE-C12{in
Part 2,.which states EXPLAIN differences in the initiating event analysis.

EXTEND To enlarge the scope of, to make more  Ansexample of the appropriate usage of the action verb can be found in SR SHA-A

comprehensive in“Part 5, which states EXTEND the range of ground motion levels considered to large
enough values such that the truncation does not distort final numerical results.

GROUP (a) To combine into one entity GROUP is a verb with two meanings.

DO NOT GROUP

IDENTIFY

IMPLEMENT

(b) To assign to a group

To recognize or establish as being a
particular thing

To put into effect according to or by

An example of the first meaning can be found in SR DA-B1 in Part 2, where CC-| st
GROUP components according to type for parameter estimation.

An example of the second meaning can be found in SR IE-B4 in Part 2, which stat
GROUP separately from other initiating event categories those categories with

different plant-response impacts (i.e., those with different success criteria) or thope
that could have more severe radionuclide release potential (e.g., LERF).

w

An example of the appropriate usage of the action verb can be found in SR IE-B5
in Part 2, which states DO NOT GROUP multi-unit initiating events if they impact
mitigation capability.

An example of the appropriate usage of the action verb can be found in SR QU-B7}in
Part 2, which states IDENTIFY cutsets (or sequences) containing mutually exclusi
events in the results.

D

An example of the appropriate usage of the action verb can be found in SR CC-A1 |n

INCLUDE

DO NOT
INCLUDE

means of a definite plan or procedure

To place in an aggregate, class,
category, or the like

Part 1, which states IMPLEMENT a process to track changes, PRA technology, and so
on.

An example of the appropriate usage of the action verb can be found in SR IE-A10 in
Part 2, which states INCLUDE multi-unit site initiators that may impact the model for
multi-unit sites with shared systems.

An example of the appropriate usage of the action verb can be found in SR DA-C1
in Part 2, which states DO NOT INCLUDE generic data for unavailability due to test,
maintenance, and repair.
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Table 1-A-1 List of Action Verbs (Cont’d)

Action Verb

Relevant Dictionary Meaning

Examples of Usage in This Standard

INTEGRATE

INTE

VTV Y]
VY

To bring together or incorporate (parts)
into a whole

Tol tioo © P
ro-Aave-a-cohversattof-th-otaerte

An example of the appropriate usage of the action verb can be found in SR QU-A1 in
Part 2, which states INTEGRATE the accident sequences, system models, data, HRA
in the quantification process for each initiating event group, accounting for system
dependencies, to arrive at accident sequence frequencies.

A 1 £l iak £l Y L. La £, At CD 1L A
X Pre- o R tappropHate-uSa St ormetattof-verotaotrothatir>rmrS

JUSTIFY

Limifr

MODEL

MOLQIFY

ORDER

PERFORM

PLAGE

PROPAGATE

PROYVIDE

QUANTIFY

RETAIN

question, consult, or seek information

To show a satisfactory reason for some
action

To restrict by establishing criteria

To create a representation of

To change somewhat the form or
qualities of; alter partially

To arrange methodically or suitably

To carry out; execute; do

To put in the proper position or order

To assess the effect of variaifes’
uncertainties on the ungertainty of a
function based on them

To furpish; supply or equip

To determine, indicate, or express the
quantity of

To keep possession of; to continue

in Part 2, where CC-ll states INTERVIEW plant personnel to determine if potential
initiating events have been overlooked.

An example of the appropriate usage of the action verb can be found in SR LE-C9
in Part 2, where CC-l states JUSTIFY any credit given for equipment survivability or
human actions under adverse conditions.

An example of the appropriate usage of the action verb can be found4n SR DA-D8 in
Part 2, where CC-| states LIMIT the use of old data if modifications'to the plant design
or operating practice lead to a condition where past data arefio longer representative
of current performance.

An example of the appropriate usage of the action vieshcan be found in SR SY-

A8 in Part 2, which states MODEL, as separate basic events of the model, those
subcomponents that are shared by another compdnent or affect another component
or affect another component to the dependent failure mode.

An example of the appropriate usage.of the action verb can be found in SR IE-C9 in
Part 2, which states MODIFY, as necessary, the fault-tree computational methods that
are used so that the top event qliantification produces a failure frequency rather than
a top event probability as nofmally computed.

An example of the appropriate usage of the action verb can be found in SR AS-A6

in Part 2, where CC-l and €C-1l state ORDER sequentially the events representing the
response of the system and operator actions according to the timing of the event as it
occurs in the aceident progression.

An example of the appropriate usage of the action verb can be found in SR [E-A5 in
Part 2, where CC-l and CC-ll state PERFORM a systematic evaluation of each system,
includihg support systems, to assess the possibility of an initiating event occurring
dueto failure of the system.

An example of the appropriate usage of the action verb can be found in SR AS-B4 in
Part 2, which states PLACE Event A to the left of Event B in the ordering of event tops
when using event trees with conditional split fraction method.

PROPAGATE has a specific and special statistical meaning that is not totally captured
by the dictionary definition (e.g., “The crack will propagate only to this joint”). When
used in this Standard, PROPAGATE is referring to statistical uncertainties.

An example of the appropriate usage of the action verb can be found in SR WHA-F2
in Part 7, where CC-ll states PROPAGATE the aleatory and epistemic uncertainties that
are risk-significant contributors to the HW frequency quantifications.

An example of the appropriate usage of the action verb can be found in SR AS-A6 in
Part 2, which states PROVIDE the rationale used for ordering the events representing
the response of the systems and operator actions.

An example of the appropriate usage of the action verb can be found in SR SPR-E5 in
Part 5, where CC-ll states QUANTIFY the mean seismic CDF and seismic LERF.

An example of the appropriate usage of the action verb can be found in SR QU-C3 in

REVIEW

to use

To go over or examine critically or
deliberately

Part 2, which states, when linking event trees, RETAIN the sequence characteristics
(e.g., failed equipment, flag settings) that impact the logic or quantification of the
subsequent accident development, as well as the sequence frequency.

An example of the appropriate usage of the action verb can be found in SR QU-D1 in
Part 2, which states REVIEW a sufficiently large sample of the risk-significant accident
sequences/cutsets sufficient to determine that the logic of the cutset or sequence is
correct.
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Table 1-A-1 List of Action Verbs (Cont’d)

Action Verb Relevant Dictionary Meaning Examples of Usage in This Standard
SATISFY To give assurance to; to answer The use of SATISFY is exclusively directed to fulfilling requirements stipulated
sufficiently elsewhere in this Standard, specifically Part 2.
An example of the appropriate usage of the action verb can be found in SR SPR-E8 in
Part 5, which states SATISFY SR QU-E1 in Part 2 with the additional assumptions in SR
SHA-12, SR SFR-F2, and SR SPR-F3.
SCREEN OUT To select, reject, consider, or group In this Standard, the action verb, SCREEN OUT, is not used.
(objects, ideas, etc.) by a process of
winnowing out
DO NOT An example of the appropriate usage of the action verb can be foundin SR HR-B2|in
SCREEN OUT Part 2, which states DO NOT SCREEN OUT activities that couldisimultaneously hae an
impact on multiple trains of a redundant system or on divers€ systems.
SELECT To choose in preference to anotheror  An example of the appropriate usage of the action verb*¢af be found in SR QU-A4}in
others; pick out Part 2, which states SELECT a quantification metho@-that is capable of discriminafing
the contributors to the CDF commensurate with thetevel of detail in the model.
SPECIFY To name or state explicitly orin detail ~ An example of the appropriate usage of the’action verb can be found in SR SC-A2 jin
Part 2, where CC-| states SPECIFY the plant\parameters and associated acceptanc
criteria to be used in determining cor€.damage.
USE To employ for some purpose, make An example of the appropriate usage of the action verb can be found in SR IE-B2
use of in Part 2, which states USE a structured, systematic process for grouping initiatin
events.
DO NOT USE An example of the appropriate usage of the action verb can be found in SR SY-B11 in
Part 2, which states DO.NOT USE proceduralized recovery actions as the sole basip for

eliminating a support system from the model.
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PART 2

INTERNAL-EVENTS
AT-POWER PRA

2-1

T
intg

2-1

T
mef
eval
add
3 th

Section 2-1
Overview of Internal-Events At-Power PRA Requirements

1 PRASCOPE

his Part states the technical requirements for a Level 1 and¢laxge early release frequency (LERF) analysis of the
rnal-events (excluding internal floods and internal fires) hazard group while at-power.

2 COORDINATION WITH OTHER PARTS OF THIS:STANDARD

his Part is intended to be used together with Par{\I"of this Standard. In addition, many of the technical require-
its in Part 2 are fundamental requirements foryperforming a PRA for any hazard group and, therefore, are rel-
nt to Parts 3, 4, 5, 6,7, 8, and 9 of this Standatd. They are incorporated by reference in those requirements that
ress the development of the plant responise to the damage states created by the hazard groups addressed in Parts
rough 9.

(The text presented in blue font in this Standard comprise hyperlinks to enable efficient access
to referenced sections and elements, requirements, notes, references, etc.)
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Section 2-2
Internal-Events PRA Technical Elements and Requirements

The requirements of this Part are organized into the following eight technical elements:
(a) Initiating Event Analysis (IE)

(b) Accident Sequence Analysis (AS)

(c) Success Criteria (SC)

(d) Systems Analysis (SY)

(e) Human Reliability Analysis (HR)

(f) Data Analysis (DA)

(g) Quantification (QU)

(h) LERF Analysis (LE)

2-2.1 INITIATING EVENT ANALYSIS (IE)
2-2.1.1 Objectives

The objectives of the Initiating Event Analysis are to identify, quantify, and document events that could ]
directly (e.g., reactor vessel rupture) or indirectly to core damage insuch’'a way that

(a) there is a reasonably complete identification of initiating evénts

(b) there is a reasonable set of initiating events that will facilitate’the efficient modeling of plant response

(c) frequencies of the initiating events are quantified

(d) the Initiating Event Analysis is documented to provide traceability of the work

Table 2-2.1-1 High Level Requirements for Internal Initiating Event Analysis (IE)

ead

Designator Requirement
HLR-IE-A The Initiating EventAnalysis shall identify those events that challenge normal plant operation and
that require successful mitigation to prevent core damage.
HLR-IE-B The Initiatirig-Event Analysis shall group the initiating events so that events in the same group hgve

similar mitigation requirements (i.e., the requirements for all events in the group are either equallly

or less restrictive than the limiting mitigation requirements for the group).

HLR-IE-C The\nitiating Event Analysis shall quantify the annual frequency of each initiating event or
injtiating-event group.
HLR-IE-D The documentation of the Initiating Event Analysis shall provide traceability of the work.
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Table 2-2.1-2 Supporting Requirements for HLR-IE-A
The Initiating Event Analysis shall identify those events that challenge normal plant operation and that require successful
mitigation to prevent core damage (HLR-IE-A).

Index No.

IE-A

Capability Category I

Capability Category II

[E-A1l

IDENTIFY those initiating events that challenge normal plant operatlon and that requlre successful

IIll[lgdtlUIl 0 prevent COIC udllldge Uy lel.[lg d btruuureu, byb[e[lld[lL PIOCESS 10T IQCIIIIIYIIIS lllltldtlllg
events that addresses plant-specific features. For example, such a systematic approach may employ one
or more of the following: master logic diagrams, heat balance fault trees, or failure modes and effects
analysis (FMEA). Existing lists of known initiators are also commonly employed as a starting point|

IE-A2

INCLUDE in the spectrum of internal-event challenges at least the following general categories:

(a) Transients. INCLUDE among the transients both equipment and human-induced events that disrupt
the plant and leave the primary system pressure boundary intact.

(b) Loss of coolant accidents (LOCAs). INCLUDE in the LOCA category both equipment ‘aitd human-
induced events that disrupt the plant by causing a breach in the core coolant system'ith a resulting loss
of core coolant inventory. DELINEATE the LOCA initiators using a defined ratienale for the delineation.

LOCA types include

(1) Small LOCAs: Examples are reactor coolant pump seal LOCAs, small'pipe breaks
(2) Medium LOCAs: Examples are stuck open safety or relief valves
(3) Large LOCAs: Examples are inadvertent automatic depressurization system (ADS), component

ruptures

(4) Excessive LOCAs (LOCAs that cannot be mitigated by arfy, combination of engineered systems):

Example is reactor pressure vessel (RPV) rupture

(5) LOCASs outside containment: Example is primary systém pipe breaks outside containment [boiling

water reactors (BWRs)]

(c) Steam generator tube ruptures (SGTRs). INCLUDE spontaneous rupture of a steam generator tube

[pressurized water reactors (PWRs)].

(d) High energy line breaks. Examples are steam line breaks inside and outside containment if not included

in the internal flood analysis.

(e) Interfacing systems loss of coolant accidents (ISLOCAs). INCLUDE postulated events in systems
interfacing with the reactor coolant systent-that could fail or be operated in such a manner as to result in
an uncontrolled loss of core coolant outside the containment.

(f) Special initiators (e.g., support systems failures, instrument line breaks) that may result in either a

transient or LOCA-type sequence.

1E-A3

REVIEW the plant-specific initiating-event experience to ensure that the list of challenges addresses plant
experience. See also Supporting Requirement (SR) IE-A7.

1E-A4

REVIEW generic analyses of similar plants to
assess whether the/listof challenges included in
the model addreSsesindustry experience.

REVIEW generic analyses and operating
experience of similar plants to assess whether the
list of challenges included in the model addresses
industry experience.

1E-A5

PERFORM. asystematic evaluation of each
systemydown to the subsystem or train level
and-ncluding support systems, to assess the
possibility of an initiating event occurring due to
afailure of the system or train.

PERFORM a qualitative review of system
impacts to identify potential system

initiating events.

PERFORM a systematic evaluation of each system
down to the subsystem or train level and including
support systems to assess the possibility of an
initiating event occurring due to a failure of the
system or train. USE a structured approach (e.g.,

a system-by-system review of initiating-event
potential or FMEA or other systematic process) to
assess and document the possibility of an initiating
event resulting from individual systems or train

tailures.

IE-A6

When performing the systematic evaluation in
SR IE-A5, INCLUDE initiating events resulting
from multiple failures if the equipment failures
result from a common cause.

When performing the systematic evaluation in

SR IE-A5, INCLUDE initiating events resulting
from multiple failures, including equipment
failures resulting from random or common causes
or equipment unavailabilities involving routine
system alignments for preventive or corrective
maintenance or testing configurations.
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Table 2-2.1-2 Supporting Requirements for HLR-IE-A (Cont’d)

The Initiating Event Analysis shall identify those events that challenge normal plant operation and that require successful
mitigation to prevent core damage (HLR-IE-A).

Index No.
1IE-A

Capability Category I Capability Category II

[E-A7

In the identification of the initiating events, INCLUDE

() events that trave occurTed at Conditions other tharm at=power operation e, during fow=-power or
shutdown conditions) and for which it is determined that the event could also occur during at-power
operation.

(b) events resulting in an unplanned controlled shutdown that includes a scram prior to reaching low
power conditions, unless it is determined that an event is not applicable to at-power operation.

IE-A8

INTERVIEW at least one resource knowledgeable INTERVIEW plant personnel frem various
in plant design or operation disciplines (e.g., operations, maintenance,
to determine whether potential initiating events engineering, safety analysis)\fo' determine whet

have been overlooked. potential initiating eventsthave been overlooked.

her

IE-A9

REVIEW plant-specific licensee event reports (or REVIEW plant-specific 0perating experience for

similar) for initiating-event precursors to identify initiating-event preetrsors to identify additional

potential initiating events. initiating eventss For example, plant-specific
experience with intake structure clogging might
indicate that)loss of intake structures should be
identified’as a potential initiating event.

|

IE-A10

For multi-unit sites with shared systems, INCLUDE multi-unit site initiators [e.g., multi-unit loss of off-

site power (LOOP) events or total loss of service water] that may impact the model.

[E-All

IDENTIFY the initiating-event sources of model uricertainty, the related assumptions, and reasonable
alternatives in a manner that supports the applicable requirements of Table 2-2.7-6 (HLR-QU-E).
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Table 2-2.1-3 Supporting Requirements for HLR-IE-B
The Initiating Event Analysis shall group the initiating events so that events in the same group have similar mitigation
requirements (i.e., the requirements for all events in the group are either equally or less restrictive than the limiting mitiga-
tion requirements for the group) (HLR-IE-B).

Index No.
IE-B Capability Category I Capability Category II

IE-Bt GROUP itating events to faciitate definition of accIdent SeqUeNnces 1T the ACCident SeqUETCe ATalysis
(HLR-AS-A) and to facilitate quantification (HLR-QU-A, HLR-QU-B).

1E-2 USE a structured, systematic process for grouping initiating events. For example, such a systematic
approach may employ one or more of the following: master logic diagrams, heat balance fault trees; or
FMEA.

1E-B3 GROUP initiating events only when GROUP initiating events only whefy
(a) events can be considered similar in terms (a) events can be considered simildr in terms
of plant response, success criteria, timing, and of plant response, success critéria; timing, and
the effect on the operability and performance of the effect on the operability’and performance of
operators and relevant mitigating systems; or operators and relevant mitigating systems; or
(b) events can be bounded by the worst-case (b) events can be bounded by the worst-case
impacts within the group. impacts within the@roup, and the grouping does

not impact risk-significant accident sequences.

1E-B4 GROUP separately from other initiating-event categories those categories with different plant-response
impacts (i.e., those with different success criteria) or those that could have more severe radionuclide
release potential (e.g., LERF). This includes such initiators as.exeessive LOCAs, ISLOCAs, SGTRs, and
unisolated breaks outside containment.

IE-B5 For multi-unit sites with shared systems, DO NOT GROUP multi-unit initiating events if they impact
mitigation capability.

Table 2-2.1-4 Supporting’Requirements for HLR-IE-C

The Initiating Event Analysis shall quantify the annual~frequency of each initiating event or initiating-event group
(HOR-IE-C).

Irjdex No.
IE-C Capability Category I Capability Category II

IE-C1 CALCULATE the initiating-event frequency by addressing applicable generic and plant-specific data
that are representative of current design and performance unless there are adequate plant-specific data to
characterize the parameter value and its uncertainty (see also SR IE-C13 for requirements for rare events).

IE-(2 When using generic.or plant-specific data, USE data representative of current design and performance to
quantify the initiating-event frequencies.

IE-¢3 INCLUDE(récovery actions [those implied in SR IE-C6(b)2, and those implied and discussed in SR IE-
C11] as dppropriate. JUSTIFY each recovery action (e.g., as evidenced through procedures or training).

IE-(4 When'combining evidence from generic and plant-specific data, USE a Bayesian update process or
equivalent statistical process. JUSTIFY the selection of any informative prior distribution used on the
basis of industry experience.

IE-¢’5 CALCULATE initiating-event frequencies on a reactor-year basis [See Table 2-A.2.1-4 in Nonmandatory
Appendix (NMA) 2-A.] INCLUDE in the Initiating Event Analysis the plant availability such that the
frequencies are weighted by the fraction of time the plant is at-power.
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Table 2-2.1-4 Supporting Requirements for HLR-IE-C (Cont’d)

The Initiating Event Analysis shall quantify the annual frequency of each initiating event or initiating-event group

(HLR-IE-C).

Index No.

IE-C

Capability Category I Capability Category II

IE-Cé

USE screening criteria at least as strmgent as the followmg characteristics to eliminate 1n1t1at1ng events or

g[Ul.,le ITOIIT qu{[lt}f thdlleIlUIl lI UIIIC[ ereeuulg Lfltefld dal'c ubeu, CISuUre [Ildt IIltfy mect Illt! (,fl[t!fld
Section 1-1.8 and that the bases are justified (as demonstrated per SR QU-DS). The event
(1) does not involve an ISLOCA, is not a containment bypass, does not lead directly to core damageé (
RPV rupture), and
(b) either
(1) has the same impact on the plant as another event that has a much higher frequency, per the
requirements of SCR-2 in Table 1-1.8-1, or
(2) does not require the plant to go to shutdown conditions until sufficient time has expired
during which the initiating-event conditions, with a high degree of certainty (based on supporting
calculations), are detected and corrected (either administratively or autormatically) such that a
complicated shutdown does not occur per the requirements of SCR-3 in‘Table 1-1.8-1.

f

.o,

IE-C7

ENSURE data represent plant design and ENSURE data représent current design and

operational performance (as applicable). operational petformance. JUSTIFY data that wef:

excluded as neither current nor applicable (e.g.,
provideseyidence via design or operational charf
that the data are no longer applicable).

ge

IE-C8

If fault-tree modeling is used for initiating events, USE the applicable systems-analysis requirements f
fault-tree modeling found in Systems Analysis (HLRSY-A).

IE-C9

If fault-tree modeling is used for initiating events, MODIFY, as necessary, the fault-tree computationall
methods that are used so that the top event quantification produces a failure frequency rather than a |
event probability as normally computed. QUANTIFY the initiating-event frequency [as opposed to th
probability of an initiating event over a spécific time frame, which is the usual fault-tree quantification]
model described in Systems Analysis (HLR-SY-A)]. USE the applicable requirements in Data Analysis
(HLR-DA-C, HLR-DA-D) for the data used in the fault-tree quantification.

IE-C10

If fault-tree modeling is used for initiating events, INCLUDE within the initiating-event fault-tree mo
the relevant combinations of eyents involving the annual frequency of one component failure combin
with the unavailability (or fdilure during the repair time of the first component) of other components.

lels
bd

[E-C11

If fault-tree modeling s used for initiating events, USE plant-specific information in the assessment ar
quantification of recovery actions, as available, in a manner consistent with the applicable requiremen
in the Human Reliability Analysis (HLR-HR-G, HLR-HR-H).

ts

IE-C12

Where plant-specific information is used, COMPARE results with generic data sources and EXPLAIN
differences in_the Initiating Event Analysis.

IE-C13

For rareinitiating events, USE industry generic For rare initiating events, USE industry generic
dataand INCLUDE plant-specific features to data and AUGMENT with a plant-specific fault
decidé which generic data are most applicable. tree or other evaluation that addresses unique
If no industry events have occurred, expert plant-specific features. If no industry events
judgment may be used; if used, AUGMENT with have occurred, expert judgment may be used; iff
applicable generic data sources, and SATISFY used, AUGMENT with applicable generic data
the requirements of Section 1-4.2, Use of Expert sources, and SATISFY the requirements of Secti
Judgment. 1-4.2, Use of Expert Judgment. ADDRESS in thej
quantification the plant-specific features that

n

could influence initiatine events and recovery
=

probabilities.
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Table 2-2.1-4 Supporting Requirements for HLR-IE-C (Cont’d)

The Initiating Event Analysis shall quantify the annual frequency of each initiating event or initiating-event group

(HLR-IE-C).
Index No.
IE-C Capability Category I Capability Category II

1IE-C14 In the ISLOCA frequency analysis, INCLUDE the following features of plant and procedures that
rftoerce the TSEOCA frequeTcy:
(a) configuration of potential pathways including numbers and types of valves and their relevant failure
modes and the existence, size, positioning of relief valves, and behavior of other components (e.g., pump
seals, heat exchangers, etc.)
(b) provision of protective interlocks
(c) relevant surveillance test procedures
(d) the capability of secondary system or low-pressure system piping
(e) isolation capabilities given high flow /differential pressure conditions that might exist following
breach of the secondary system

IE-(15 CALCULATE a point estimate for the initiating- CALCULATE a mean valtie-for the frequencies
event frequencies. of the risk-significant initiating events. PROVIDE
CHARACTERIZE the uncertainty for those a probabilistic repreSentation of the uncertainty
initiating-event frequencies associated with of the parameter estimates of risk-significant
risk-significant accident sequences. This initiating evenfssAcceptable methods include
characterization could include, for example, Bayesian updating or expert judgment. If using
specifying the uncertainty range, qualitatively expert judgment, SATISFY the requirements of
discussing the uncertainty range, or identifying Sectiqr,1-4.2, Use of Expert Judgment.
the estimate as conservative or bounding. Forthevinitiating events that are not risk significant,

ENSURE the requirement for Capability Category I
(CC-I) is met.

Table 2-2.1-5 Supporting Requirements for HLR-IE-D

The documentation of the Initiating Event Analysis shalliprovide traceability of the work (HLR-IE-D).

Irfdex No.
IE-D

Capability Category1 Capability Category II

IE-Ip1

DOCUMENT the process used'in the Initiating Event Analysis, specifying what is used as input,

the applied methods, and the results to address the following and other details needed to fully document
how the set of SRs is satisfied:

(a) the functional categories analyzed and the specific initiating events included in each

(b) the systematic search for plant-unique and plant-specific support system initiators

(c) the systematic search for reactor coolant system (RCS) pressure boundary failures and interfacing
system LOCAs

(d) the approach for assessing completeness and consistency of initiating events with plant-
specifidexXperience, industry experience, other comparable PRAs, and Final Safety Analysis Report
(FSAR) initiating events

(e) )the basis for screening out initiating events (refer to criteria in SR IE-C6 and Section 1-1.8)

f) the basis for grouping and subsuming initiating events

(g) the derivation of the initiating-event frequencies and the recoveries used

(h) the approach to quantification of each initiating-event frequency

(i) the justification for exclusion of any data

1E-DZ

DOCUMENT the sources of model uncertainty, related assumptions, and reasonable alternatives (as
identified in SRs IE-A11, IE-C1, and IE-C15) associated with the Initiating Event Analysis.
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2-2.2 ACCIDENT SEQUENCE ANALYSIS (AS)

2-2.2.1 Objectives

The objectives of the Accident Sequence Analysis ele-
ment are to ensure that the response of the plant’s sys-
tems and operators to an initiating event is represented
in the assessment of core damage frequency (CDF) in

(a) the Accident Sequence Analysis describes the
plant-specific scenarios that can lead to core damage
following each modeled initiating event or initiating
event group

(b) plant-specific dependencies are represented in
the accident sequence structure

(c) the Accident Sequence Analysis is documented to

such a way that

Table 2-2.2-1 High Level Requirements for Accident Sequence Analysis (AS)

provide traceability of the work

Designator Requirement

HLR-AS-A The Accident Sequence Analysis shall ensure that operator actions, mitigation systems, and
phenomena that can alter sequences are appropriately included in the ageident sequence model
event tree structure and sequence definition (consistent with HLR-SC-AJ-and that end states are
clearly defined to be core damage or successful mitigation with capability to support the Level 1 fo
LERF/Level 2 interface.

HLR-AS-B Dependencies that can impact the ability of the mitigating systemis to operate and function shall Qe
addressed.

HLR-AS-C The documentation of the Accident Sequence Analysis.shall provide traceability of the work.
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Table 2-2.2-2 Supporting Requirements for HLR-AS-A

The Accident Sequence Analysis shall ensure that operator actions, mitigation systems, and phenomena that can alter
sequences are appropriately included in the accident sequence model event tree structure and sequence definition (consis-
tent with HLR-SC-A) and that end states are clearly defined to be core damage or successful mitigation with capability to
support the Level 1 to LERF/Level 2 interface (HLR-AS-A).

Index No.
AS-A

Capability Category I Capability Category II

ASHA1

USE a method for Accident Sequence Analysis that

(a) explicitly models the combinations of system responses and operator actions that affect the key Gafety
functions for each modeled initiating event

(b) includes a graphical representation of the accident sequences in an “event tree structure” or
equivalent such that the accident sequence progression is displayed

(c) provides a framework to support sequence quantification

ASHA2

For each modeled initiating event, IDENTIFY the key safety functions that are necessary to reach a safe,
stable state and prevent core damage.

ASHA3

For each modeled initiating event, by using the success criteria defined for each-kéy safety function (in
accordance with SR SC-A3), IDENTIFY the systems that can be used to mitigate the initiator.

ASHA4

For each modeled initiating event, by using the success criteria defined fef\each key safety function (in
accordance with SR SC-A3), IDENTIFY the necessary operator actions.te achieve the defined success
criteria.

DEVELOP the accident sequences in a manner consistent with the plant-specific system design,
emergency operating procedures (EOPs), abnormal operatidg procedures (AOPs), and plant transient
response.

ASHA6

Where practical, sequentially ORDER the events representing the response of the systems and operator
actions according to the timing of the event as it occurs in the accident progression. Where not practical,
PROVIDE the rationale used for the ordering.

ASHA7

DELINEATE the possible accident sequencesor each modeled initiating event, unless the sequences can
be demonstrated to be a noncontribution using qualitative arguments.

ASHAS8

DEFINE the end state of the accident séquence as occurring when either a core damage state or a steady
state condition has been reached.

ASHA9

USE generic thermal-hydraulicianalyses (e.g., as USE realistic, applicable (i.e., from similar plants)
performed by a plant vendorfor a class of similar ~ thermal-hydraulic analyses to determine the
plants) to determine the accident progression accident progression parameters (e.g., timing,
parameters (e.g., timing, temperature, pressure, temperature, pressure, steam) that could

steam) that could potentially affect the operability = potentially affect the operability of the mitigating
of the mitigating systems. systems. (See SR SC-B4.)
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Table 2-2.2-2 Supporting Requirements for HLR-AS-A (Cont’d)
The Accident Sequence Analysis shall ensure that operator actions, mitigation systems, and phenomena that can alter
sequences are appropriately included in the accident sequence model event tree structure and sequence definition (consis-
tent with HLR-SC-A) and that end states are clearly defined to be core damage or successful mitigation with capability to
support the Level 1 to LERF/Level 2 interface (HLR-AS-A).

Index No.
AS-A Capability Category I Capability Category II

AS-A10 In constructing the accident sequence models, In constructing the accident sequence models,
INCLUDE, for each modeled initiating event, INCLUDE, for each modeled initiating event;
individual events in the accident sequence sufficient detail that differences in requirements
sufficient to bound system operation, timing, and of systems and required operator interactions
operator actions necessary for key safety functions. (e.g., systems initiations or valve alignment) are

included. Where diverse systemsyand/or operafor
actions provide a similar funietion, if choosing ohe
over another changes the(téquirements for operptor
intervention or the ne¢d-for other systems, MOIDEL
each separately.

AS-All Transfers between event trees may be used to reduce the size and complexity of individual event treeq.
DEFINE any transfers that are used and the method that is used to iniplement them in the qualitative
definition of accident sequences and in their quantification. USE-a.miethod for implementing an event
tree transfer that preserves the dependencies that are part of the-transferred sequence. These include
functional, system, initiating-event, operator, and spatial or environmental dependencies.

AS-A12 IDENTIFY the accident sequence sources of model uncertainty, related assumptions, and reasonable
alternatives in a manner that supports the applicableequirements of Table 2-2.7-6 (HLR-QU-E).
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Table 2-2.2-3 Supporting Requirements for HLR-AS-B

Dependencies that can impact the ability of the mitigating systems to operate and function shall be addressed (HLR-AS-B).

Index No.

AS-B

Capability Category I Capability Category II

AS-B1

For each modeled initiating event, IDENTIFY mitigating systems that are challenged, degraded, or failed
by the occurrence of the initiator and IDENTIFY the spec1f1c impacts on the system (e g, component

AT T
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either in the accident sequence models or in the system models.

ASB2

IDENTIFY the dependence of modeled mitigating systems on the success or failure of preceding systems,
functions, and human actions. INCLUDE the impact on accident progression, either in the accident
sequence models or in the system models. For example,

(a) turbine-driven system dependency on a solenoid operated relief valve, depressurization, and
containment heat removal (suppression pool cooling)

(b) low-pressure system injection success dependent on need for RPV depressurizationy

AS{B3

For each accident sequence, IDENTIFY the phenomenological conditions created/by the accident
progression. Phenomenological impacts include generation of harsh environments‘affecting temperature,
pressure, debris, water levels, humidity, and so forth that could impact the stieeess of the system or
function being analyzed [e.g., loss of pump net positive suction head (NRSH), clogging of flow paths,
pipe whip, jet impingement, and other high-energy line-break impacts:sueh as flooding]. INCLUDE the
impact of the accident progression phenomena either in the accident(sequence models or in the system
models.

ASB4

When the event trees with the conditional split-fraction method.are used, if the probability of Event B is
dependent on the occurrence or nonoccurrence of Event A,where practical, PLACE Event A to the left of
Event B in the ordering of event tops. Where not practical N\DESCRIBE the rationale used for the ordering.

ASB5

DEVELOP the accident sequence models to a level of\detail sufficient to identify intersystem
dependencies and train level interfaces, either in the\event trees or through a combination of event-tree
and fault-tree models and associated logic.

ASB6

If plant configurations or maintenance practices create or alter dependencies between various
systems, DEFINE and MODEL these configurations and alignments in a manner that represents these
dependencies, either in the accident sequence models or in the system models.

MODEL time-phased dependencies.(i.e., those that change as the accident progresses, due to such
factors as depletion of resources,/recovery of resources, and changes in loads) in the accident sequences.
Examples are as follows:
(a) For station blackout (SBQ)/LOOP sequences, key time-phased events, such as

(1) alternating current (AC) power recovery

(2) direct current(DC) battery adequacy (time-dependent discharge)

(3) environmeéntal conditions (e.g., room cooling) for operating equipment and the control room
(b) For anticipated transient without scram (ATWS)/failure to scram events (for BWRs), key time-
dependent a¢tionis, such as

(1) standby liquid control system (SLCS) initiation

(2)4RPV-level control

(3)NADS inhibit
(e Other events that may be subject to explicit time-dependent characterization, such as

(1) Control rod drive as an adequate RPV injection source

(2) long-term makeup to the refueling water storage tank
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Table 2-2.2-4 Supporting Requirements for HLR-AS-C

The documentation of the Accident Sequence Analysis shall provide traceability of the work (HLR-AS-C).

Index No.
AS-C

Capability Category I Capability Category II

AS-C1

DOCUMENT the process used in the Accident Sequence Analysis specifying the processes used to
develop accident sequences and to address the dependencies in accident sequences, the inputs, the

applied method, the results, and other details needed to Tully document NoOw the set of oRs are satisiio
(a) the linkage between the modeled initiating event in Initiating Event Analysis (HLR-IE-A) and-the
accident sequence model (i.e., the key safety functions necessary to reach a safe, stable state and preve
core damage)

(b) the success criteria established for each modeled initiating event including the bases for ‘the criteri
(i.e., the system capacities required to mitigate the accident and the necessary components.required to
achieve these capacities)

(c) adescription of the accident progression for each sequence or group of similafséquences (i.e.,
descriptions of the sequence timing, applicable procedural guidance, expected €mvironmental or
phenomenological impacts, dependencies between systems and operator actions, end states, and othe
pertinent information required to fully establish the sequence of events)

(d) the operator actions represented in the event trees and the sequence-specific timing and
dependencies that are traceable to the human reliability analysis (HR&),for these actions

(e) the interface of the accident sequence models with plant damage states (PDSs)

(f) when sequences are modeled using a single top-event fault tr€e, the manner in which the
requirements for Accident Sequence Analysis have been satisfied

(g) mitigating systems that are challenged, degraded, or fail¢d by each specific initiating event and th
impact on the system

(h) the dependence of modeled mitigating systems,on the success or failure of preceding systems
functions and human actions

AS-C2

DOCUMENT the sources of model uncertaintyrelated assumptions, and reasonable alternatives (as
identified in SR AS-A12) associated with the-Accident Sequence Analysis.

2-2.3 SUCCESS CRITERIA (SC) nents (SSCs); and operator actions necessary to supj
2-2.3.1 Objectives accident sequence development

The objectives of the Success Criteria ‘element are to
define the plant-specific measures of sticeéss and failure

(b) the supporting engineering bases are reali
represent the as-built, as-operated plant; and are ¢

bort

btic ;
on-

that support the other technical elerhehts of the PRA in sistent with the initiating events and accident sequgnce
such a way that models developed in Sections 2-2.1 and 2-2.2
(a) the success criteria are\defined for key safety (c) the Success Criteria analysis is documented to
functions; supporting structurés, systems, and compo-  provide traceability of the work.
Table 2-2.3-1 High Level Requirements for Success Criteria (SC)
Designator Requirement
HLR-SC-A The overall success criteria for the PRA shall be consistent with the features, procedures, and
operating philosophy of the plant. This includes defining core damage, establishing accident
sequence mission times, and ensuring that mitigating systems shared between units are addressefl.
HER=5C-B The thermal-hydraulic, structural, and other supporting engineering bases shall be capable of
FOveHRE-Stt rHera-andevent-imine-stutfctentfor-quantifieatonof- ChFand-determination of
Pre g-strecess-erite exe sstfictentfor¢ eation-ofC ete ©
the relative impact of success criteria on SSCs and human actions.
HLR-SC-C The documentation of the Success Criteria analysis shall provide traceability of the work.
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Table 2-2.3-2 Supporting Requirements for HLR-SC-A

The overall success criteria for the PRA shall be consistent with the features, procedures, and operating philosophy of the
plant. This includes defining core damage, establishing accident sequence mission times, and ensuring that mitigating
systems shared between units are addressed (HLR-SC-A).

Index No.
SC-A Capability Category I Capability Category II

SC-5T USE the definition of “ToTe damage —provided 1T Section 1-2 0f this Standard. 1f core danage nas been
defined differently than in Section 1-2,

(a) IDENTIFY any substantial differences from the Section 1-2 definition
(b) SPECIFY the bases for the selected definition

SC-A2 SPECIFY the plant parameters (e.g., highest node SPECIFY the plant parameters (e.g., highest node
temperature, core collapsed liquid level) and temperature, core collapsed liquid level) and
associated acceptance criteria (e.g., temperature associated acceptance criteria (e.g., temperature
limit) to be used in determining core damage. limit) to be used in determining ¢ote damage.

SELECT these parameters such, that the
determination of core damage is as realistic as
practical.

SPECIFY computer,ecode-predicted acceptance
criteria with sufficieht'margin on the code-
calculated values'to allow for limitations of the
code, sophistication of the models, and uncertainties
in the results,'in a manner consistent with the
requirements specified under SR HLR-SC-B.

SC-A3 SPECIFY success criteria for each of the key safety functions)identified per SR AS-A2 for each modeled
initiating event.

SC-A4 IDENTIFY mitigating systems that are shared betweén units and the manner in which the sharing is
performed should both units experience a commen initiating event (e.g., LOOP).

SC-A5 SPECIFY a sequence mission time for the modeled ~ SPECIFY a sequence mission time for the modeled
sequences sufficient to achieve a safe stablestate. sequences sufficient to achieve a safe stable state.
For sequences in which a safe stable staté/has been  For sequences in which a safe stable state has been
achieved, USE a minimum sequence mission time achieved, USE a minimum sequence mission time
of 24 hrs. of 24 hrs.

For sequences in which a safe stable state would For sequences in which a safe stable state would
not be achieved within 24 hrs\using the modeled not be achieved within 24 hrs using the modeled
plant equipment and human/actions, ASSUME plant equipment and human actions, PERFORM
core damage. additional evaluation or modeling by using
techniques such as
(a) assigning a PDS for the sequence
(b) extending the sequence mission time and
adjusting the affected analyses to the point at
which a safe stable state can be demonstrated; or
(c) modeling additional system recovery or
operator actions for the sequence, in accordance
with requirements stated in Systems Analysis
(HLR-SY-A) and Human Reliability Analysis (HLR-
HR-H) to demonstrate that a successful outcome is
achieved.

SC-A6 ENSURE the component mission time supports the full sequence mission time for which the component
is credited or ;” ISTIEY a shorter anpnnpnl’ mission time (e < 2 hrsis anrnpfn]ﬂ]n for SLCS _as the system
only has 2 hrs worth of sodium pentaborate to inject). Component mission times for individual SSCs that
function during the sequence may be shorter than the sequence mission time, as long as a set of SSCs and
operator actions is modeled to support the full sequence mission time.

SC-A7 ENSURE that the bases for the success criteria are consistent with the features, procedures, and operating
philosophy of the plant.

SC-AS8 IDENTIFY the Success Criteria sources of model uncertainty, the related assumptions, and reasonable

alternatives in a manner that supports the applicable requirements of Table 2-2.7-6 (HLR-QU-E).
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Table 2-2.3-3 Supporting Requirements for HLR-SC-B

The thermal-hydraulic, structural, and other supporting engineering bases shall be capable of providing success criteria
and event timing sufficient for quantification of CDF and determination of the relative impact of success criteria on SSCs
and human actions (HLR-SC-B).

Index No.
SC-B

Capability Category I Capability Category II

OL-DIl

DEFIINE SUCCesSs Cr1ieria Dy using generic analyses DEFIINE the redlistic Success Criteria SuUIticient tg

that are applicable to the plant. mitigate the risk-significant accident sequences
based on applicable generic and plant-specific
analyses. For non-risk-significant accident
sequences, ENSURE the requirement of CC-I
is met.

SC-B2

USE expert judgment that meets the requirements of Section 1-4.2, Use of Expert Judgmient, in those
situations in which there is lack of available information regarding the condition-oxTesponse of a
modeled SSC or a lack of analytical methods on which to base a prediction of SSC condition or respon

Se.

SC-B3

When defining success criteria, USE thermal-hydraulic, structural, or other-arialyses consistent with t}
level of detail of the initiating-event grouping (HLR-IE-B) and accident sequience modeling (HLR-AS-
and HLR-AS-B).

~ 0

SC-B4

USE analysis models and computer codes that have sufficient capability to model the conditions of
interest in the determination of success criteria for core damage,and that provide results representativ
of the plant. A qualitative evaluation of a relevant application of codes, models, or analyses that has
been used for a similar class of plant (e.g., Owners Group generic studies) may be used if justified. US|
computer codes and models only within known limits-0f .applicability.

0

|ea)

SC-B5

ENSURE the reasonableness and acceptability of the'results of the thermal-hydraulic, structural, or ot
supporting engineering bases used to support thesuccess criteria. Examples of methods to achieve th
include

(a) comparison with results of the same andlyses performed for similar plants, addressing differenceq
unique plant features

(b) comparison with results of similartanalyses performed with other plant-specific codes

(c) confirmation by other means thathave been determined to be appropriate for a particular analysi

er

in

b

SC-B6

IDENTIFY the sources of modeluncertainty, the related assumptions, and reasonable alternatives
associated with the thermal hydraulics, structural analyses, and other engineering bases used to deve
success criteria in a mannet that supports the applicable requirements of Table 2-2.7-6 (HLR-QU-E).
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Table 2-2.3-4 Supporting Requirements for HLR-SC-C
documentation of the Success Criteria development shall provide traceability of the work (HLR-SC-C).

Index No.

SC-C Capability Category I Capability Category II

SC-C1 DOCUMENT the process used in the Success Criteria analysis, specifying what is used as input to

address dependencies in accident sequences, including the applied methods, the results, and other details

IlCCL,‘lCL,‘l O [L,llly L‘lULL{lllCllL IlUW Lllt: oCL Uf SRD dltc Dallbfitf\.‘l.

(a) the definition of core damage used in the PRA, including the bases for any selected parameter value
used in the definition (e.g., peak cladding temperature or reactor vessel level)

(b) calculations (generic and plant-specific), empirical data, or other references used to establish success
criteria, and identification of cases for which they are used

(c) identification of computer codes, empirical data, or other methods used to establish plantsspecific
success criteria

(d) a description of the limitations (e.g., potential conservatisms or limitations that could’challenge the
applicability of computer models or data in certain cases) of the calculations or codes

(e) the uses of expert judgment within the PRA and the rationale for such uses

(f) asummary of success criteria, and the supporting technical bases for the available mitigating systems
and human actions for each accident initiating group modeled in the PRA

(g) the basis for establishing the time available for human actions

(h) descriptions of processes used to define success criteria for grouped initiating events or accident
sequences

(i) mitigating systems that are shared between units and the desigi features of the shared systems,
should both units experience a common initiating event

SC-

C2 DOCUMENT the sources of model uncertainty, related assumptions, and reasonable alternatives (as
identified in SRs SC-A8 and SC-B6) associated with the Syiecess Criteria analysis.

2-2
2-2

sys
hu

sys

—~

14 SYSTEMS ANALYSIS (SY)
4.1 Objectives

he objectives of the Systems Analysis element are(to identify and document the causes of failure for each plant
em represented in the Initiating Event Analysisand Accident Sequence Analysis in such a way that

) there is a reasonably complete set of the iridependent system-failure and unavailability modes and associated
han failure events (HFEs), and system alignments for each system.

) there is a reasonably complete identification of the common cause failures (CCFs) and dependency effects on
em performance

) the Systems Analysis is documented to provide traceability of the work

Table 2;2.4-1 High Level Requirements for Systems Analysis (SY)

Designator Requirement

HLR-SY-A System logic models shall be developed that represent the various system alignments, success
eriteria, and mission times and include the failure modes associated with system maintenance,
component actuation and functionality, and associated HFEs.

HLR-SY-B CCFs and both intersystem and intrasystem dependencies that could influence system performance
shall be evaluated and modeled as applicable, including evaluating functional, human, and
phenomenological effects.

HLR-SY-C The documentation of the Systems Analysis shall provide traceability of the work.
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Table 2-2.4-2 Supporting Requirements for HLR-SY-A
System logic models shall be developed that represent the various system alignments, success criteria, and mission times

and include the failure modes associated with system maintenance, component actuation and functionality, and associated
HFEs (HLR-SY-A).

Index No.
SY-A Capability Category I Capability Category II

SY-AT TDENTIFY Those SySteIms eeded t0 provide or SUPpOTT the Satety Tunctions contained 11 the Accident
Sequence Analysis.

SY-A2 COLLECT pertinent information to ensure that the Systems Analysis represents the as-built, as-eperated
systems. Examples of such information include system piping and instrumentation drawings, ohe-lin¢
diagrams, instrumentation and control drawings, spatial layout drawings, system operating procedurgs,
AOPs, EOPs, success criteria calculations, the FSAR, Technical Specifications (TS), training informatiof,
system descriptions and related design documents, actual system operating experience; and interviews
with system engineers and operators.

SY-A3 REVIEW plant information sources to define or establish
(a) system components and boundaries
(b) dependencies on other systems
(c) instrumentation and control requirements
(d) testing and maintenance requirements and practices
(e) operating limitations such as those imposed by TS
(f) component operability and design limits
(g) procedures for the operation of the system during normaland accident conditions
(h) system configuration during normal and accident econditions

SY-A4 CONFIRM that the Systems Analysis correctly CONFIRM that the Systems Analysis correctly
represents the as-built, as-operated plant by represents the as-built, as-operated plant by
performing interviews with knowledgeable plant performing plant walkdowns and interviews with
personnel (engineering, plant operations, etgs). knowledgeable plant personnel (engineering, plant

operations, etc.).

SY-A5 INCLUDE the effects of both normal and INCLUDE the effects of both normal and alternjte
alternate system alignments to the extent system alignments. ENSURE all normal and
needed for CDF determination. significant alternate system alignments are

modeled. Asymmetrical modeling of trains is
permitted if the trains, their support systems,
and their underlying data have no significant
differences in design and operation.

SY-A6 In defining the system model boundary (see SR SY-A3), INCLUDE within the boundary the componefts
required for system operation and the components providing the interfaces with support systems
required for(agttiation and operation of the system components.

SY-A7 DEVELQP detailed systems models, unless

(a) suffi¢ient system-level data are available to quantify the system failure probability, or
(bl system failure is dominated by operator actions and omitting the model does not mask contributipns
tothe results of support systems or other dependent-failure modes
For case (1), USE a single data value only for systems with no equipment or human-action dependencjes
and if data exist that sufficiently represent the unreliability or unavailability of the system and capturg
plant-specific factors that could influence unreliability and unavailability.
JUSTIFY the use of limited (i.e., reduced or single data value) modeling.

SY-A8 DEFINE the boundaries of the components required for system operation in a way that is consistent With
the r*nmpnnpnf failure data

For example, a control circuit for a pump does not need to be included as a separate basic event (or
events) in the system model if the pump failure data used in quantifying the system model include
control circuit failures.

MODEL, as separate basic events, those subcomponents (e.g., a valve limit switch associated with
a permissive signal for another component) that are shared by another component or affect another
component, to address the dependent-failure mode.
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Table 2-2.4-2 Supporting Requirements for HLR-SY-A (Cont’d)

System logic models shall be developed that represent the various system alignments, success criteria, and mission times
and include the failure modes associated with system maintenance, component actuation and functionality and associated

HFEs (HLR-SY-A).
Index No.
SY-A Capability Category I Capability Category II
SY‘119 If d byblClll lllUdCI ib L‘lCVClUPCL‘l ill WlliLll d bil lBIC faﬂtuc UI d buPClk,UllllJUl ICIIL (U1 lllUL‘lultf) ib L,lDCL‘l |19}

represent the collective impact of failures of several components, PERFORM the modularization process
in a manner that avoids grouping events with different recovery potential, events that are required by
other systems, or events that have probabilities dependent on the scenario. Examples of such events
include

(1) hardware failures that are not recoverable versus actuation signals, which are recoverable

(b) HFEs that can have different probabilities dependent on the context of different accident sequences
(c) events that are mutually exclusive of other events not in the module

(d) events that occur in other fault trees (especially common cause events)

(e) SSCs that are used by other systems

SY-A10

INCLUDE the effect of variable success criteria (i.e., success criteria that change.as a function of plant
status) into the system modeling. Causes of variable system success criterja iriclude the following
examples:

(a) Different accident scenarios. Different success criteria are required for'some systems to mitigate
different accident scenarios (e.g., the number of pumps required togperate in some systems is dependent
on the modeled initiating event).

(b) Dependence on other components. Success criteria for some,systems are also dependent on the success of
another component in the system (e.g., operation of additienal pumps in some cooling water systems is
required if noncritical loads are not isolated).

(c) Time dependence. Success criteria for some systems.are time dependent (e.g., two pumps are required
to provide the needed flow early following an accident initiator, but only one is required for mitigation
later following the accident).

(d) Sharing of a system between units. Success criteéria may be affected when both units are challenged by
the same initiating event (e.g., LOOP).

SY-Al1

INCLUDE in the system model those failtires of the equipment and components that would affect system
operability (as identified in the systemsuccess criteria), except when excluded using the criteria in SR
SY-A15. This equipment includes both active components (e.g., pumps, valves, and air compressors) and
passive components (e.g., pipirigj-screens, heat exchangers, and tanks) required for system operation.
When identifying failure modes’for the equipment and components in the model, ENSURE those listed
in SR SY-A14 are reviewed for applicability.

SY-A12

DO NOT INCLUDE, ift\a system model, component failures that would be beneficial to system operation,
unless omission wotld distort the results.

Example of a beneficial failure: Failure of an instrument in such a fashion as to generate a required
actuation sigmal.

SY-A13

INCLUDE thbse failures that can cause flow-diversion pathways resulting in failure to meet the system
success.criteria.
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Table 2-2.4-2 Supporting Requirements for HLR-SY-A (Cont’d)

System logic models shall be developed that represent the various system alignments, success criteria, and mission times
and include the failure modes associated with system maintenance, component actuation and functionality, and associated

HFEs (HLR-SY-A).
Index No.
SY-A Capability Category I Capability Category II
SY-A14 When-identifuine the failuresin SR SV A 11 INCLUDE failure modes-apolicable to the component by
J O 4 rr r J

and consistent with available data and model level of detail, except where excluded using the critefia
SR SY-A15. Examples include the following items:

(a) failure of an active component to start

(b) failure of an active component to continue to run

(c) failure of a closed component to open

(d) failure of a closed component to remain closed

(e) failure of an open component to close

(f) failure of an open component to remain open

(g) spurious operation of an active component

(h) plugging of an active or passive component

(i) leakage of an active or passive component

(j) rupture of an active or passive component

(k) internal leakage of a component

(I) internal rupture of a component

(m) failure to provide signal or operate (e.g., instrumentation)

(n) spurious signal/operation

(0) pre-initiator HFEs (see SR SY-A16)

(p) other failures of a component to perform its requifedhfunction

N

SY-A15

In meeting SRs SY-A11 and SY-A14, DO NOT INCLUDE contributors to system unavailability and
unreliability (i.e., components and specific failureodes) from the model only if one of the following
screening criteria is met:

(1) A component may be excluded from thesystem model if the total failure probability of the
component failure modes resulting in the'same effect on system operation is at least two orders of
magnitude lower than the highest fajluie probability of the other components in the same system traij
that results in the same effect on system operation.

(b) One or more failure modes for'a component may be excluded from the systems model if the

contribution to the total failurérate or probability is < 1% of the total failure rate or probability for thaf

component, when their effects on system operation are the same per the requirements of SCR-2 from
Table 1-1.8-1, and only-ene System is impacted.

SY-A16

In the system model; INCLUDE HFEs that cause the system or component to be unavailable when
demanded. These.events are referred to as “pre-initiator” human events. (See also Human Reliability
Analysis, HLR-HR-C.)

SY-A17

In the systemmodel, INCLUDE HFEs that are expected during the operation of the system or compor]
unless they are already included explicitly as events in the accident sequence models. These HFEs are
referred+o as “post-initiator” human events. (See also Human Reliability Analysis, HLR-HR-F, and
Accident Sequence Analysis, HLR-AS-A.)

ent

SY-A18

INCLUDE in either the system model or accident sequence modeling those conditions that cause the
system to isolate or trip or that, once exceeded, cause the system to fail or DEMONSTRATE that their
exclusion does not impact the results.

For example, conditions that isolate or trip a system include

(1) system-related parameters such as a high temperature within the system

( b) external parameters used to protect the System from other failures (e.g., the hlgh RPV water-level

IDULClIJUll Dlsllcll LlDCL,{ I.U PLCVCL ll. VVQLCL Lllll USIUIT 1I lI.U I.llC lul Ull IS Ul l.llc LCQLI.UI CUIT Laulauuu LUUlll 15
high pressure coolant injection pumps of a BWR)
(c) adverse environmental conditions (see SR SY-A22)
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Table 2-2.4-2 Supporting Requirements for HLR-SY-A (Cont’d)
System logic models shall be developed that represent the various system alignments, success criteria, and mission times
and include the failure modes associated with system maintenance, component actuation and functionality, and associated
HFEs (HLR-SY-A).
Index No.
SY-A Capability Category I Capability Category II

SY-KT19 T the systerm modet, INCEUDE out-of-service unavaiiabitity for Components, Untess exciuded per S5k
SY-A15, in a manner consistent with the actual practices and history of the plant for removing equipment
from service. Examples of out-of-service unavailability to be modeled are as follows:

(a) unavailability caused by testing when a component or system train is reconfigured from its required
accident-mitigating position such that the component cannot function as required

(b) maintenance events at the train level when isolating the entire train for maintenance

(c) maintenance events at a subtrain level (i.e., between tag-out boundaries, such as a funetional
equipment group) when directed by procedures

(d) train outages during a work window for preventive/corrective maintenance

(e) a functional equipment group removed from service for preventive/correctivé-maintenance

(f) arelief valve taken out of service

SY-A20 INCLUDE events representing the simultaneous unavailability of redundant equipment when the
unavailability is a result of planned activity (see SR DA-C14).

SY-A21 IDENTIFY system conditions that cause a loss of desired system funetiph (excessive heat loads, excessive
electrical loads, excessive humidity, etc.).

SY-A22 INCLUDE a conservative representation of INCLUDEsystem or component availability when
system or component availability when the the paotential exists for rated or design capabilities
potential exists for rated or design capabilities to to'be.exceeded only if supported by one or more of
be exceeded. the following:

(a) test or operational data

(b) engineering analysis

(c) expertjudgment (SATISFY the requirements of

Section 1-4.2, Use of Expert Judgment)

SY-A23 DEFINE system model nomenclature in,aconsistent manner to allow model manipulation and to
represent the same designator when a‘component failure mode is used in multiple systems or trains.

SY-A24 DO NOT MODEL the repair of hardware faults, unless the probability of repair is justified through
analysis or examination of data: (Gee SR DA-C15.)

SY-A25 IDENTIFY the sources of motlel uncertainty, the related assumptions, and reasonable alternatives
associated with the deyelopment of the System Analysis in a manner that supports the applicable
requirements of Table:2-2.7-6 (HLR-QU-E).
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Table 2-2.4-3 Supporting Requirements for HLR-SY-B
CCFs and both intersystem and intrasystem dependencies that could influence system performance shall be evaluated and
modeled as applicable, including evaluating functional, human, and phenomenological effects (HLR-SY-B).

Index No.

SY-B Capability Category I Capability Category II
SY-B1 MODEL intrasystem CCFs when supported by MODEL intrasystem CCFs when supported by
gnhnrin or p] ant-specific dataor JI ISTIEY that gohnrin or p] nnf-cpar\iﬁn data

they are not a significant contributor to system
unreliability.

SY-B2 DEFINE CCEF groups by using a logical, systematic process. JUSTIFY the basis for selecting common-
cause component groups by evaluating similarity in
(a) service conditions

(b) environment

(c) design or manufacturer

(d) maintenance

Candidates for CCFs include, for example,

(1) motor-operated valves

(b) pumps

(c) safety-relief valves

(d) air-operated valves

(e) solenoid-operated valves

(f) check valves

(g) diesel generators

(h) batteries

(i) inverters and battery charger

(j) circuit breakers

(k) digital instrumentation and controls equipment

SY-B3 INCLUDE CCFs into the system model in agnanner consistent with the common cause model used fof
Data Analysis. (See SR DA-D6.)

SY-B4 INCLUDE dependency on support systems or interfacing systems in the modeling process.

SY-B5 PERFORM engineering analyses to,determine the need for support systems that are plant-specific and

represent the variability in the ¢onditions present during the postulated accidents for which the systeth is
required to function.

SY-B6 In support system modeling, USE conservative In support system modeling, USE realistic succgss
success criteria and timing. criteria and timing for risk-significant contributprs.

SY-B7 IDENTIFY spatial and environmental hazards that may impact multiple systems or redundant
components inf the same system and INCLUDE them in the system fault tree or the accident sequence
evaluation.

SY-B8 When modeling a system, INCLUDE interfaces with the support systems required for successful

operation of the system for a required mission time (see also SR SY-A6).

Examples of support systems include

(@) actuation logic

(b) support systems required for control of components

(c) component motive power

(d) cooling of components

(e) any other identified support function (e.g., heat tracing, digital instrumentation and controls, etc.)
necessary to meet the success criteria and associated systems

SBY HSTHH Y rotmodetre s thobrrereqrired OB Hrose—rste e tedgrired—or
for initiation and actuation of a system (e.g., the initiation and actuation of a system. For risk-
initiation and actuation system can be argued to significant systems, include the presence of the
be highly reliable and is only used for that system,  conditions needed for automatic actuation (e.g.,
so that there are no intersystem dependencies low vessel water level), and the permissive and
arising from failure of the system). lock-out signals that are required to complete

actuation logic.
For non-risk-significant systems, meet the
requirements of CC-I.
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Table 2-2.4-3 Supporting Requirements for HLR-SY-B (Cont’d)
CCFs and both intersystem and intrasystem dependencies that could influence system performance shall be evaluated and
modeled as applicable, including evaluating functional, human, and phenomenological effects (HLR-SY-B).

Index No.

SY-B Capability Category I Capability Category II
SY-B10 MODEL the capability of the available inventories of air, power, and cooling to support the component
TITISSTOTT tiTTe:
SY-B11 DO NOT USE proceduralized recovery actions as the sole basis for eliminating a support system from

the model (e.g., it is not acceptable to not model a system such as heating, ventilation, and air
conditioning (HVAC) or component cooling water on the basis that there are procedures for dealing
with losses of these systems).

SY-B12 IDENTIFY SSCs that may be required to operate in conditions beyond their environmental-qualifications.
INCLUDE dependent failures of multiple SSCs that result from operation in these adversé conditions.
Examples of degraded environments include

(1) LOCA inside containment with failure of containment heat removal

(b) safety-relief valve operability (small LOCA, drywell spray, severe accident)-(fof BWRs)

(c) high-energy line breaks in different locations (e.g., steam line breaks outside containment)

(d) debris that could plug screens or filters (both internal and external tocthe plant)

(e) heating of the water supply (e.g., BWR suppression pool, PWR containment sump) that

could affect pump operability

(f) loss of NPSH for pumps

(g) steam binding of pumps

(h) loss of HVAC

(i) harsh environments induced by containment ventings failure of the containment venting ducts, or
failure of the containment boundary that may occur prief to the onset of core damage

SY-B13 INCLUDE operator interface dependencies acrosseystems or trains, where applicable.

SY-B14 IDENTIFY the sources of model uncertainty, the@elated assumptions, and reasonable alternatives
associated with the development of the common cause, intersystem dependency, and intrasystem
dependency System Analysis modeling in amanner that supports the applicable requirements of
Table 2-2.7-6 (HLR-QU-E).
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Table 2-2.4-4 Supporting Requirements for HLR-SY-C

The documentation of the Systems Analysis shall provide traceability of the work (HLR-SY-C).

Index No.

SY-C

Capability Category I Capability Category II

SY-C1

DOCUMENT the process used in the Systems Analysis, specifying what is used as input, system
functions, and boundary, the associated success crltena, the modeled components and failure modes

11 lLlLlL,lllls llullldll ClLLlUI S, allbl d ut’bLllP LlUll Ul lllUuCICL{ \.lCPt'lluCl lth'b lllkluullls DL{PIJUI L bybLClll dl lLl
CCFs, including the applied methods, the results’” and other details needed to fully document how'thg
of SRs is satisfied:

(a) system function and operation under normal and emergency operations

(b) system model boundary

(c) system schematic illustrating the equipment and components necessary for system opetation

(d) information and calculations to support equipment availability assumptions (e.g(basis for contin
operation under excessive heat loads, excessive electrical loads, excessive humidity)

(e) actual operational history indicating any past problems in the system operation

(f) system success criteria and relationship to accident sequence models

(g) human actions necessary for operation of system

(h) reference to system-related test and maintenance procedures

(i) system dependencies and shared component interface

(j) component spatial information, including spatial and environmental hazards that may impact
multiple systems or redundant components in the same system

(k) assumptions or simplifications made in development of the’system models

(I) the components and failure modes included in the modehand justification for any exclusion of
components and failure modes

(m) a description of the modularization process (if uséd)

(n) records of resolution of logic loops developed during fault-tree linking (if used)

(0) results of the system model evaluations

(p) results of sensitivity studies (if used)

(g) the sources of the above information (e.g’; completed checklist from walkdowns, notes from
discussions with plant personnel)

(r) basic events in the system fault trees so that they are traceable to modules and to cutsets

(s) the nomenclature used in the system models

(t) the treatment of digital instrumentation and control systems (if used)

set

lied

SY-C2

DOCUMENT the sources of model uncertainty, the related assumptions, and reasonable alternatives (|
identified in SRs SY-A25, §Y;B14) associated with the Systems Analysis.

AS

2-2.5 HUMAN RELIABILITY ANALYSIS (HR)
2-2.5.1 Objectives
The objective of theé Fiaman Reliability Analysis ele-

ating-event HFEs.
For post-initiating events,
(e) identify post-initiating personnel actions b4

(d) use a systematic process to evaluate the pre-initi-

sed

ment of the PRA jS to ensure that the impacts of plant
personnel actiofis-are represented in the assessment of
risk. The actiofis consist of the pre-initiator HFEs and
post-initiater-HFEs, including the HFEs modeled in the
supportsystem initiating-event fault trees.

Eorpre-initiating events,

(a)/identify routine activities that can result in system
o£SSC unavailability:

on plant-specific procedures.

(f) define an HFE for each post-initiating event
sonnel action.

(g) use a systematic process to evaluate each post{ini-
tiating event HFE.

(h) include recovery actions based on accident| se-
quence-specific information, including dependenkies

Der-

(b) ensure that potentially risk-significant plant per-
sonnel actions are not screened out.
(c) define a HFE for each retained activity.
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baik £ o
betweenoperator-aetons:
For both pre-initiating and post-initiating events,
(i) document the HRA to provide traceability of the
work.
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Table 2-2.5-1 High Level Requirements for Human Reliability Analysis (HR)

Designator Requirement

Pre-Initiator

HRA

HLR-HR-A A systematic process shall be used to identify those specific routine activities that, if not completed
correctly, may impact the availability of equipment necessary to perform system functions modeled
in the PRA.

HLR-HR-B Screening out activities that need not be addressed explicitly in the model shall be based on an
assessment of how plant-specific operational practices limit the likelihood of errors in such adtivities.

HLR-HR-C For each activity that is not screened out, an HFE shall be defined to characterize the impact of the
failure as an unavailability of a component, system, or function modeled in the PRA.

HLR-HR-D The assessment of the probabilities of the pre-initiator HFEs shall be performed by.usihg a
systematic process that addresses the plant-specific and activity-specific influencesion human
performance.

Post-Initiator

HRA

HLR-HR-E A systematic review of the relevant procedures shall be used to identify the set of operator responses
required for each of the accident sequences.

HLR-HR-F HFEs shall be defined that represent the impact of not propérly: performing the required responses,
in a manner consistent with the structure and level of detail of the accident sequences.

HLR-HR-G The assessment of the probabilities of the post-initiator HFEs shall be performed by using a well-
defined and self-consistent process that addresses the plant-specific and scenario-specific influences
on human performance and addresses potential'dependencies between HFEs in the same accident
sequence.

HLR-HR-H Recovery actions (at the cutset or scenariodevel) shall be modeled only if the actions have been
demonstrated to be plausible and feasible-for those scenarios to which they are applied. In this
context, recovery is associated with pperators performing actions to compensate for the failed
automatic actions but does not include repair of the equipment.

Predand

Post-Initiator

HRAs

HLR-HR-I The documentation of‘the Human Reliability Analysis shall provide traceability of the work.

Table 2-2.5-2 Supporting Requirements for HLR-HR-A
A systematic process shall beiuged to identify those specific routine activities that, if not completed correctly, may impact
the pvailability of equipmentnecessary to perform system functions modeled in the PRA (HLR-HR-A).
Irfdex No.
HR-A Capability Category I Capability Category II

HRiA1 Fot equipment modeled in the PRA, IDENTIFY those test, inspection, and maintenance activities that

require realignment of equipment outside its normal operational or standby status.

HR{A2 Through a review of procedures, practices, and plant experience, IDENTIFY those calibration activities

that, if performed incorrectly, can have an adverse impact on the initiation and control of risk-significant

HR-A3 IDENTIFY the work practices identified in SRs HR-A1 and HR-A2 that involve an activity that

simultaneously affects equipment in either different trains of a redundant system or diverse systems [e.g.,
use of common calibration equipment by the same crew on the same shift, a maintenance or test activity
that requires realignment of an entire system (e.g., SLCS)].

HR-A4 IDENTIFY the Pre-Initiator HRA sources of model uncertainty, the related assumptions, and reasonable

alternatives in a manner that supports the applicable requirements of Table 2-2.7-6 (HLR-QU-E).
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Table 2-2.5-3 Supporting Requirements for HLR-HR-B

Screening out activities that need not be addressed explicitly in the model shall be based on an assessment of how plant-spe-
cific operational practices limit the likelihood of errors in such activities (HLR-HR-B).

Index No.
HR-B Capability Category I Capability Category II
HR-B1 If screening is performed, SPECIFY criteria for If screening is performed, SPECIFY criteria for
SCTETTITE, OUt Classes of activities fromr furtier SCTeeTIg out imdividuat activities fromr further
analysis, per the requirements of SCR-3 in Table analysis, per the requirements of SCR-3 in
1-1.8-1. Table 1-1.8-1.
Example: Screen out maintenance and test Example: Screen out maintenance and fest activities
activities from further analysis if the plant from further analysis if
practices are generally structured to include (a) equipment is automatically realigned on
independent verification of restoration of system demand;
equipment to standby or operational status on (b) following maintenance activities, a
completion of the activity. postmaintenance, functiofial'test is performed that
would reveal misalignment;
(c) equipment positionis indicated in the contrpl
room, status is routinely verified, and realignmgnt
can be affected{from the control room; or
(d) equipment'status is required to be verified
frequently-(i€., at least once per shift).
HR-B2 DO NOT SCREEN OUT activities that could simultaneously<have an impact on multiple trains of a

redundant system or on diverse systems (see SR HR-A3).

Table 2-2.5-4 Supporting Requirements for HLR-HR-C

For each activity that is not screened out, an HFE shall be definedto characterize the impact of the failure as an unavailg
ity of a component, system, or function modeled in the PRAHLR-HR-C).

bil-

Index No.
HR-C Capability Category I Capability Category II

HR-C1 DEFINE an HFE that represents-the impact of the human failures at the function, system, train, or
component level for each activity that was not screened out per SR HR-B1.

HR-C2 INCLUDE those modes-of wnavailability that, INCLUDE those modes of unavailability that,
following completion 'of each activity that was following completion of each activity that was
retained, result from failure to restore retained, result from failure to restore
(a) equipment to:the desired standby or (1) equipment to the desired standby or
operational status operational status
(b) initiation.signal or set point for equipment (b) initiation signal or set point for equipment
startup Or realignment startup or realignment
(c) automatic realignment or power (c) automatic realignment or power

INCLUDE failure modes identified during the
collection of plant-specific or applicable generic
operating experience that leave equipment
unavailable for response in accident sequences.

HR-C3 INCLUDE the impact of miscalibration as a mode of failure of initiation and control of risk-significant

SSCs that are modeled in the PRA.
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Table 2-2.5-5 Supporting Requirements for HLR-HR-D
The assessment of the probabilities of the pre-initiator HFEs shall be performed by using a systematic process that addresses
the plant-specific and activity-specific influences on human performance (HLR-HR-D).

Index No.
HR-D Capability Category I Capability Category II

HR-D1 SPECIFY the systematic process that will be used to determine the human error probabilities (HEPs).

HRi{D2 USE conservative estimates in the For risk-significant pre-initiator HFEs, USE
quantification of the pre-initiator HEPs. detailed assessments in the quantification of prés

initiator HEP mean values.
For non-risk-significant pre-initiator HFEs,
ENSURE the requirement for CC-I is met.

HRiD3 USE conservative estimates that take into account For each detailed HEP assessment, INCLUDE in
the quality of written procedures, administrative the evaluation process the following plant-specific
controls, or human-machine interfaces. relevant information:

(a) the quality (e.g., format;logical structure,
ease of use, clarity, and eomprehensiveness) of
written procedures (fox performing tasks) and
administrative controls that support independent
review of written.procedures (e.g., configuration
control processytechnical review process, training
processes, and management emphasis on
adherence-te procedures)

(b) thequality of the human-machine interface,
including both the equipment configuration and
the instrumentation and control layout.

HR{D4 When addressing self-recovery or recovery from othér'crew members in estimating HEPs for specific
HFEs, USE pre-initiator recovery factors in a manner consistent with selected methodology. If recovery of
pre-initiator errors is credited,

(a) SPECIFY the maximum credit that can be given for multiple recovery opportunities

(b) USE the following information to assess the potential for recovery of pre-initiator errors:
(1) postmaintenance or postcalibration tests required and proceduralized
(2) independent verification, using a hard-copy or electronic checklist that verifies component status
following maintenance/testing
(3) aseparate verification ©f component status made at a later time, using a hard-copy or electronic
checklist, by the original performer
(4) work-shift or daily verifications of component status, using a hard-copy or electronic checklist

HR{D5 EVALUATE the potential for dependencies of pre-initiator HFEs (i.e., whether the HFEs have some
common elements'in'their causes, such as work performed by the same crew in the same time frame) and
CALCULATE thejoint probability of the dependencies identified.

HRD6 CHARACTERIZE the uncertainty for the HEPs. For each risk-significant HFE. PROVIDE a
This chafacterization could include, for example, probabilistic representation of the uncertainty of
specifying the uncertainty range, qualitatively the calculated HEPs.
disCussing the uncertainty range, or identifying For the HFEs that are not risk significant, ENSURE
the)estimate as conservative or bounding. the requirement for CC-I is met.
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Table 2-2.5-6 Supporting Requirements for HLR-HR-E

A systematic review of the relevant procedures shall be used to identify the set of operator responses required for each of
the accident sequences (HLR-HR-E).

Index No.

HR-E

Capability Category I Capability Category II

HR-E1

When identifying the operator responses required for each of the accident sequences, REVIEW

(@) the plant-snecific omnrr‘ronnv nhavnhhn ﬁvnr\nr‘nrac and other relevant nrocedures (e o AﬂDc
I r I o7

annunciator response procedures) in the Context of the accident scenarios
(b) system operation such that the system functions and the human interfaces with the system ate
understood

HR-E2

IDENTIFY those actions

(a) required to initiate (for those systems not automatically initiated), operate, control, isolate, or
terminate those systems and components used in preventing or mitigating core damage as defined by
success criteria (e.g., operator initiates residual heat removal)

(b) performed by the control room personnel either in response to procedural direction or as skill-
of-the-craft to diagnose and then recover a failed function, system, or compgnent that is used in the
performance of a response action as identified in SR HR-H1

the

HR-E3

REVIEW the interpretation of the procedures USE talk-throughs (i.e., review in detail) with
with plant operations or training personnel to plant operations-and training personnel of the
confirm that interpretation is consistent with plant  procedureSand sequence of events to confirm tl
operational and training practices. interpretation of the procedures is consistent wil
plant observations and training procedures.

hat
th

HR-E4

REVIEW the interpretation of the human response ~ USE simulator observations or talk-throughs wij
with plant operations or training personnel operators to confirm the human response action
to check that interpretation is consistent with for scenarios modeled.
expected human response.

th

[2)

HR-E5

IDENTIFY the post-initiator HRA sources of-model uncertainty, the related assumptions, and reasonal
alternatives in a manner that supports the@pplicable requirements of Table 2-2.7-6 (HLR-QU-E).

ble
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Table 2-2.5-7 Supporting Requirements for HLR-HR-F
HFEs shall be defined that represent the impact of not properly performing the required responses, in a manner consistent
with the structure and level of detail of the accident sequences (HLR-HR-F).

Index No.
HR-F Capability Category I Capability Category II

HR-F1 DEFINE HFEs that represent the impact of the human failures at the function, system, train, or
COMMpOoTTerTt fevet Faitures to corTectty perfornT Severat TesSpoITses Ny be grouped iTto one T L it the
impact of the failures is similar or can be conservatively bounded.

HR{F2 SPECIFY for the defined HFEs SPECIFY for the defined HFEs
(a) accident-sequence-specific timing of cuesand (1) accident-sequence-specific timing of gues/and
time window for successful completion time window for successful completion,
(b) accident-sequence-specific procedural (b) accident-sequence-specific procedural
guidance (e.g., AOPs and EOPs) guidance (e.g., AOPs and EOPs)
(c) the availability of cues and other indications (c) the availability of cues and-other indications
for detection and evaluation errors for detection and evaluation errors
(d) the complexity of the response (task analysis (d) the specific high-level\tasks (e.g., train level)
is not required) required to achieve the.goal of the operator response

Table 2-2.5-8 Supporting Requirements for HLR-HR-G
The assessment of the probabilities of the post-initiator HFEs shall be performed using a well-defined and self-consistent

profess that addresses the plant-specific and scenario-specific influences on human performance and the potential depen-
denfcies between HFEs in the same accident sequence (HLR-HR-G).
Irjdex No.
HR-G Capability Category I Capability Category II
HR1G1 USE conservative estimates for the HEPs of the PERFORM detailed analyses for the estimation of
HFEs in accident sequences that survive initial HEDPs for risk-significant HFEs.
quantification. For the HEPs of HFEs that are not risk significant,
ENSURE the requirement for CC-I is met.
HR{G2 USE an approach to estimation of HERs that addresses failure in cognition as well as failure to execute.
HRG3 When estimating HEPs, ADDRESS When estimating HEPs, EVALUATE the impact of
(a) the complexity of detection; diagnosis, decision the following plant-specific and scenario-specific
making, and execution of the\tequired response performance-shaping factors:
(b) the time available and ‘time required to (a) quality [type (classroom or simulator) and
complete the response frequency] of the operator training or experience
(c) some measureof.scenario-induced stress (b) quality of the written procedures and
administrative controls
(c) availability of instrumentation needed to take
corrective actions
(d) degree of clarity of cues/indications
(e) human-machine interface
(f) time available and time required to complete
the response
(g) complexity of detection, diagnosis, decision
making, and execution of the required response
(h) environment (e.g., lighting, heat, radiation)
under which the operator is working
(i) _accessibility of the equipment requiring
manipulation
(j) necessity, adequacy, and availability of special
tools, parts, clothing, and so on
HR-G4 For the time available to complete actions, USE For the time available to complete actions, USE

applicable generic studies (e.g., thermal-hydraulic
analysis for similar plants). SPECIFY the point in
time at which operators are expected to receive
relevant indications.

plant-specific evaluations, realistic generic thermal-
hydraulic analyses, or simulations from similar
plants (e.g., plant of similar design and operation).
SPECIFY the point in time at which operators are
expected to receive relevant indications.
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Table 2-2.5-8 Supporting Requirements for HLR-HR-G (Cont’d)

The assessment of the probabilities of the post-initiator HFEs shall be performed using a well-defined and self-consistent
process that addresses the plant-specific and scenario-specific influences on human performance and the potential depen-
dencies between HFEs in the same accident sequence (HLR-HR-G).

Index No.
HR-G

Capability Category I Capability Category II

ARN-GO

When Tieeded for the catcutation of an tinr, For risk-signiftcant HEES, ESTIMATE the time

ESTIMATE the time required to complete actions. required to complete the action based on actiony
time measurements in either walk-throughs or talk-
throughs of procedures or simulator observatiofs.
For non-risk-significant HFEs, ENSURE the
requirement for CC-I is met.

HR-G6

ENSURE the consistency of the post-initiator HEP quantifications. REVIEW the HFEs and their final
HEDPs relative to each other to ensure their reasonableness, given the scenario context, plant history,
procedures, operational practices, and experience.

HR-G7

DEFINE a minimum value for the joint probability of multiple human errersioccurring in a given cutset
or accident sequence,
AND

JUSTIFY the minimum value to be used for the joint probability ofimultiple human errors occurring fqr a
given cutset or accident sequence.

HR-G8

For multiple human actions in the same accident sequence Jr ctitset, ASSESS issues of dependency anfl
CALCULATE a joint HEP. INCLUDE the influence of success or failure in preceding human actions afid
system performance on the human event being analyzed, including

(1) time required to complete the actions in relatiorrto.the time available to perform the actions
(b) factors that could lead to dependence (e.g., common instrumentation, common procedures, increased
stress, etc.)

(c) availability of resources (e.g., personnel)

HR-G9

For multiple human actions in the same &ceident sequence or cutset, if the joint HEP calculated per SK
HR-GS8 is below the minimum value from SR HR-G7, USE the minimum value or PROVIDE the technjcal
justification for the use of the lowerjoint probability based on an applicable evaluation of each cutset pr
accident sequence with that combination.

HR-G10

CALCULATE a point-estimate'HEP for each CALCULATE a mean HEP for each risk-significhnt
HFE. CHARACTERIZE the nncertainty for the HFE. PROVIDE a probabilistic representation o
calculated HEPs. Thischaracterization could the uncertainty of the calculated HEPs.
include, for example, specifying the For the HFEs that are not risk significant, ENSURE
uncertainty range,\qualitatively discussing the the requirement for CC-I is met.
uncertainty range; or identifying the estimate as

conservativé orbounding.
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Table 2-2.5-9 Supporting Requirements for HLR-HR-H

Recovery actions (at the cutset or scenario level) shall be modeled only if the actions have been demonstrated to be plau-
sible and feasible for those scenarios to which they are applied. In this context, recovery is associated with operators per-
forming actions to compensate for the failed automatic actions but does not include repair of the equipment (HLR-HR-H).

Index No.

HR-H

Capability Category I Capability Category II

HR

ingt

TDENTIF Y Operator Tecovery actions that can Testore the Tunctions, SYStems, of COMpONents as needed to
provide a more realistic evaluation of risk-significant accident sequences.

HR

H2

DEFINE operator recovery actions only if, on a plant-specific basis, the following occur:

(a) A procedure is available and operator training has included the action as part of crew’s training; or
justification for the omission for one or both is provided.

(b) “Cues” (e.g., alarms) exist that alert the operator to the recovery action, provided thatprocedures,
training, or skill-of-the-craft also exist.

(c) Attention is given to the relevant performance-shaping factors provided in SR HR-G3.

(d) There is sufficient manpower to perform the action.

HR

H3

ESTIMATE the HEPs for the operator recovery ESTIMATE the HEPs foxthé operator recovery
actions in a manner consistent with the applicable  actions in a manner consistent with the applicable
CC-I requirements of Section 2-2.5 (SRs HR-G1, Capability CategoryAL (CC-II) requirements of
HR-G2, HR-G3, HR-G4, HR-G5, HR-G6, and Section 2-2.5 (SRs.EMR-G1, HR-G2, HR-G3, HR-G4,
HR-G10). HR-G5, HR-Gbyand HR-G10).

HR

H4

INCLUDE any dependency between the HFE for operator recovery'and any other HFEs in the sequence,
scenario, or cutset to which the recovery is applied (see SRs HR<G7, HR-G8 and HR-G9).

The

Table 2-2.5-10 Supporting Requirements for HLR-HR-I

documentation of the Human Reliability Analysis shall provide traceability of the work (HLR-HR-I).

dex No.
HR-I

Capability Category I Capability Category II

HR

I1

DOCUMENT the process used in the Human Reliability Analysis specifying processes used to identify,
characterize, and quantify the pre-initiator, post-initiator, and recovery actions modeled in the PRA,
including the inputs, applied metheds, the results, and other details needed to fully document how
the set of SRs is satisfied:
(1) HRA methodology and-ptecess used to identify pre- and post-initiator HFEs, including identification
of the specific tests, inspections, maintenance activities, procedures, and so on, resulting in the HFEs
(b) screening criteria and results of screening
(c) factors used ingthequantification of the human action, how they were derived, and their bases
(d) quantification ofHEPs, including
(1) conservative estimates and their bases
(2) detailed HEP analyses with uncertainties and their bases
(3) themethod and analysis of dependencies for post-initiator actions
(4)\tables of pre- and post-initiator human actions evaluated by model, system, initiating event, and
function
(6) HEPs for recovery actions and their dependency with other HFEs

HR

DOCUMENT the sources of model uncertainty, related assumptions, and reasonable alternatives (as
identified in SRs HR-A4, HR-D6, HR-E5, and HR-G10) associated with the Human Reliability Analysis.
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2-2.6 DATA ANALYSIS (DA)
2-2.6.1 Objectives

The objectives of the Data Analysis element are to provide estimates of the parameters used to determine the
probabilities of the basic events representing equipment failures and unavailabilities modeled in the PRA in such a

way that

(a) parameter boundaries are defined

(c) parameter data are consistent with parameter definitions

riatal araziaad

Hatery-groupee

(d) relevant generic industry and plant-specific evidence are represented in the parameter estimation,dndluding

addressing uncertainties
(e) the Data Analysis is documented to provide traceability of the work

Table 2-2.6-1 High Level Requirements for Data Analysis (PA)

Designator Requirement

HLR-DA-A Each parameter shall be clearly defined in terms of the logic madé€l, basic event boundary, failure
mode, and the model used to evaluate event probability.

HLR-DA-B Grouping components into a homogeneous population forparameter estimation shall address th¢
design, environmental, and service conditions of the components in the as-built and as-operated
plant.

HLR-DA-C Generic parameter estimates shall be chosen, andhcollection of plant-specific data shall be consistgnt
with the parameter definitions of HLR-DA-A and the grouping rationale of HLR-DA-B.

HLR-DA-D The parameter estimates shall be based oft xelevant generic industry and plant-specific evidence.
Where feasible, generic, and plant-specific evidence shall be integrated using acceptable methods
to calculate plant-specific parameters:\Each parameter estimate shall be accompanied by a
characterization of the uncertainty.

HLR-DA-E The documentation of the DataAnalysis shall provide traceability of the work.
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Table 2-2.6-2 Supporting Requirements for HLR-DA-A

Each parameter shall be clearly defined in terms of the logic model, basic event boundary, failure mode, and the model
used to evaluate event probability (HLR-DA-A).

Index No.
DA-A

Capability Category I Capability Category II

DA-A1

IDENTIFY from the Systems Analysis the basic events for which probabilities are required. Examples of

basiceventsinctude

(a) independent failure or CCF of a component or system to start or change state on demand

(b) independent failure or CCF of a component or system to continue operating or to provide a reqaired
function for a defined time period

(c) equipment unavailable to perform its required function due to being out of service for maintenance
(d) equipment unavailable to perform its required function due to being in test mode

(e) failure to recover a function or system (e.g., failure to recover off-site power)

(f) failure to repair a component, system, or function in a defined time period

DALA2

DEFINE SSC boundaries, failure modes, and success criteria in a manner consistent with corresponding
basic event definitions in SRs SY-A5, SY-A7, SY-A8, SY-A9, SY-A10, SY-A11, SY-A%Z)SY-A13, SY-A14, and
SY-B3 for failure rates and CCF parameters and DEFINE boundaries of unavailability events in a manner
consistent with corresponding definitions in SR SY-A19.

DALA3

USE an appropriate probability model for each basic event.

DAtA4

IDENTIFY the parameter to be estimated and the data required forestimation. Examples are as follows:
(a) For failures on demand, the parameter is the probability of failure, and the data required are the
number of failures given a number of demands.
(b) For standby failures, operating failures, and initiating,evénts, the parameter is the failure rate, and
the data required are the number of failures in the total(standby or operating) time.
(c) For unavailability due to test or maintenance, thexparameter is the unavailability on demand, and the
alternatives for the data required are
(1) the total time of unavailability or a list of-the maintenance events with their durations, together
with the total time required to be availablewithin the period of plant-specific data collection
(see SR DA-C13), or
(2) the number of maintenance or test-activities, their average duration, and the total time required
to be available.

DALA5

IDENTIFY the Data Analysis sourees’of model uncertainty, the related assumptions, and reasonable
alternatives in a manner that sugports the applicable requirements of Table 2-2.7-6 (HLR-QU-E).
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Table 2-2.6-3 Supporting Requirements for HLR-DA-B

Grouping components into a homogeneous population for parameter estimation shall address the design, environmental,
and service conditions of the components in the as-built and as-operated plant (HLR-DA-B).

Index No.
DA-B Capability Category I Capability Category II
DA-B1 For parameter estimation, GROUP components For parameter estimation, GROUP components
d(,LdeiIlg L{®) I)/Pt! \C.g., IIlUIUf-UPCdeCL‘l PL[II[[), dLLdeiIlg L{®) I)/PC \C.g., IIlUIUf-UPCIdICd PLL[I[[), dir'
air-operated valve). operated valve) and according to the charagterigtics
of their usage to the extent supported by data:
(a) mission type (e.g., standby, operating)
(b) service condition (e.g., clean vs. uhtreated
water, air)
Additional grouping characteristics may also be
considered.
DA-B2 DO NOT INCLUDE outliers in the definition of a group (e.g., do not group valvés that are never testefl

and unlikely to be operated with those that are tested or otherwise manipulated frequently).

Generic parameter estimates shall be chosen, and collection of plant-specific datajshall be consistent with the param|
definitions of HLR-DA-A and the grouping rationale of HLR-DA-B (HLR-DA-@Q).

Table 2-2.6-4 Supporting Requirements for HLR-DA-C

eter

Index No.
DA-C

Capability Category I Capability Category II

DA-C1

USE generic parameter estimates from recognized squrces. ENSURE that the parameter definitions an|
boundary conditions are consistent with those established in response to SRs DA-A1, DA-A2, DA-A3)
and DA-A4 (e.g., some sources include the breaKer within the pump boundary, whereas others do not
DO NOT INCLUDE generic data for unavailability due to test, maintenance, and repair unless it can |
established that the data are consistent with the test and maintenance philosophies for the subject plat

Q.

ht.

DA-C2

COLLECT plant-specific data for the’basic event/parameter grouping corresponding to that defined
SRs DA-A1, DA-A3, DA-A4, DA-BY;and DA-B2.

DA-C3

COLLECT plant-specific data,‘ifYa manner consistent with uniformity in design, operational practices
and experience. JUSTIFY therationale for excluding plant-specific data (e.g., plant design modificatio1
changes in operating practices).

IS,

DA-C4

When evaluating maintenance or other relevant records to extract plant-specific component failure ev
data, SPECIFY a<basis for the identification of events as failures.

DELINEATE Between those degraded states for which a failure, as modeled in the PRA, would have
occurred during the mission and those for which a failure would not have occurred (e.g., slow pickup|
rated spéed):

INCLUDE the failures that would have resulted in failure to perform the mission as defined in the PR|

bt

DA-C5

CQUNT repeated plant-specific component failures occurring within a short time interval as a single
failtire if there is a single, repetitive problem that causes the failures. In addition, COUNT only one
demand.

DA-Cé6

IDENTIFY procedures that create plant-specific demands on standby components, including
(a) surveillance tests
(b) maintenance acts

(c) TS action statements
AY

L w1l . b e n) e
7 SuT vVeHanC e tOS TS OT TITan reCTraTcCOTT OUTCT COTITPOTTICITS

(e) equipment rotation schedule for operating components
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Table 2-2.6-4 Supporting Requirements for HLR-DA-C (Cont’d)
Generic parameter estimates shall be chosen, and collection of plant-specific data shall be consistent with the parameter
definitions of HLR-DA-A and the grouping rationale of HLR-DA-B (HLR-DA-C).

Index No.
DA-C Capability Category I Capability Category II

DA-C7 EVALUATE the number of demands based EVALUATE the number of demands based on
on-annualized number of surveillance tests actual practice-including plant surveillance and
and planned maintenance activities per plant maintenance tests, surveillances required by TS
procedures. action statements, plant logs, and so on. BASE-the

number of planned maintenance activities ofy plant
maintenance plans or actual practice. BASE the
number of unplanned maintenance activities on
actual plant experience.

DO NOT COUNT additional demands from
postmaintenance testing; thatis part of the
successful renewal.

DA}CS8 When required, EVALUATE the time that When required, EVALUATE the time that
components were configured in their standby components were configtired in their standby
status. status using plant:Specific operational records.

DA}C9 EVALUATE operational time from surveillance test practices for standby components and from actual
operational data.

DA}C10 When using surveillance test data, REVIEW the When usifig surveillance test data, REVIEW the test
test procedure to determine whether a test should  procedure to determine whether a test should be
be credited for each possible failure mode. credlited for each possible failure mode.

INCLUDE only completed tests or unplanned INCLUDE only completed tests or unplanned
operational demands as success for component operational demands as success for component
operations. operation. If the component failure mode is
decomposed into subelements (or causes) that
are fully tested, then USE tests that exercise
specific subelements in their evaluation. Thus, one
subelement sometimes has many more successes
than another.
(Example: a diesel generator is tested more
frequently than the load sequencer. If the sequencer
were to be included in the diesel generator
boundary, the number of valid tests would be
significantly decreased.)

DA}C11 When using data dn hiaintenance and testing durations to estimate unavailabilities at the component,
train, or system level, as required by the system model, only INCLUDE those maintenance or test
activities that’cquld leave the component, train, or system unable to perform its function when
demanded.

DA}C12 When annavailability of a frontline system component is caused by an unavailability of a support
system, INCLUDE support system unavailability independent of frontline system unavailability to avoid
double counting unavailabilities and to include dependency on support system correctly.
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Table 2-2.6-4 Supporting Requirements for HLR-DA-C (Cont’d)
Generic parameter estimates shall be chosen, and collection of plant-specific data shall be consistent with the parameter
definitions of HLR-DA-A and the grouping rationale of HLR-DA-B (HLR-DA-C).

Index No.
DA-C

Capability Category I

Capability Category II

DA-C13

EVALUATE the duration of the actual time that the

EVALUATE the duration of the actual time that

the

TUIPTITEITt Was UTavaitabie foreactT comtributing

activity. Since maintenance outages are a function

of the plant status, INCLUDE only outages
occurring during plant at-power. INCLUDE the
unavailability of shared systems at a multi-unit
site consistently between the units when the

TS requirements can be different depending on
the status of both units. In the case that reliable

CqUIPIITEITt Was UTavaitabie foreactt comtTibuti
activity. Since maintenance outages are a functi
of the plant status, INCLUDE only outages
occurring during plant at-power. INCLUDE the
unavailability of shared systems at a ulti-unit
site consistently between the units, when the
TS requirements can be differefitgdepending on
the status of both units. In the.¢ase that reliable

5
n

estimates of the start anddihish times are not
available, INTERVIEW knowledgeable plant
personnel (e.g., engineering, plant operations)
to generate realisticestimates for ranges in the
unavailable-time-per-maintenance act for risk-
significant cemponents, trains, or systems.

estimates of the start and finish times of periods of
unavailability are not available, USE conservative
estimates.

DA-C14

EVALUATE coincident unavailability due to maintenance for redundant equipment (both intrasysten
and intersystem) that is a result of a planned, repetitive acti¥ity'based on actual plant experience.
CALCULATE coincident maintenance unavailabilities that'are a result of a planned, repetitive activity
that represent actual plant experience. Such coincidentiaintenance unavailability can arise, for example,
for plant systems that have “installed spares” (i.e., plant systems that have more redundancy than is
addressed by TS). For example (intrasystem case), the charging system in some plants has a third trair
that may be out of service for extended periods.of time coincident with one of the other trains and yet|
is in compliance with TS. Examples of intersystem unavailability include plants that routinely take
out multiple components on a “train schedule” (e.g., Auxiliary Feedwater Train A and High Pressure
Injection Train A at a PWR; Residual Heat'Removal Train A and Low Pressure Core Spray Train A at a
BWR).

DA-C15

For each SSC for which repair is to-be modeled (see SR SY-A24), IDENTIFY instances of plant-specific for
applicable industry experience,.and for each repair, COLLECT the associated repair time, with the replir
time being the period from‘identification of the component failure until the component is returned to
service, adjusted for accident scenario conditions.

DA-C16

Data on recovery from1oss of off-site power, loss of service water, and so on, are rare on a plant-speciffic
basis. If available, for each recovery, COLLECT the associated recovery time, with the recovery time
being the perigd\from identification of the system or function failure until the system or function is
returned to §ervice.
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Table 2-2.6-5 Supporting Requirements for HLR-DA-D

The parameter estimates shall be based on relevant generic industry and plant-specific evidence. Where feasible, generic
and plant-specific evidence shall be integrated using acceptable methods to calculate plant-specific parameters. Each par-
ameter estimate shall be accompanied by a characterization of the uncertainty (HLR-DA-D).

Index No.
DA-D Capability Category I Capability Category II

DAfDT USE plant-specific parameter estimates {07 eVents CATCUTATE Tealistic parameters for T15K-
modeling the unique design or operational significant basic events based on relevant
features if available, or use generic information generic and plant-specific evidence unless it i§
modified as discussed in SR DA-D2; USE generic justified that there are adequate plant-specifi¢
information for the remaining events. data to characterize the parameter value and its

uncertainty. When integrating evidencefrom
generic and plant-specific data, USE-aystatistical
process that assigns appropriatetwéight to the
statistical significance of the generic and plant-
specific evidence and provides a characterization
of uncertainty. Use of either'a noninformative prior
or one that represents variability in industry data
is acceptable. CALCULATE parameters for the
remaining events.by using generic industry data.

DA}D2 If neither plant-specific data nor generic parameter estimates are available for the parameter associated
with a specific basic event, USE data or estimates for the most similar equipment available, adjusting if
necessary, to address differences. Alternatively, USE expert judgment and document the rationale behind
the choice of parameter values. If using expert judgment, SATISFY the requirements of Section 1-4.2, Use
of Expert Judgment.

DA}D3 CALCULATE a point estimate and CALCULATE a mean value for the parameters
CHARACTERIZE the uncertainty for the basic used to calculate the probabilities of the risk-
event probabilities. This characterization could significant basic events. PROVIDE a probabilistic
include, for example, specifying the uncertairity representation of the uncertainty of the parameter
range, qualitatively discussing the uncertainty estimates of the risk-significant basic events.
range, or identifying the estimate as conservative Acceptable methods include Bayesian updating
or bounding. or expert judgment. If using expert judgment,

SATISFY the requirements of Section 1-4.2, Use of
Expert Judgment.

For the basic events that are not risk significant,
ENSURE the requirement for CC-I is met.

DA}D4 When the Bayesian approach is used to derive a distribution and mean value of a parameter, ENSURE
that the posterior distribution is reasonable given the relative weight of evidence provided by the prior
and the plant-specific data. Examples of tests to ensure that the updating is accomplished correctly
and that the generic parameter estimates are consistent with the plant-specific application include the
following:

(a) confirmation that the Bayesian updating does not produce a posterior distribution with a single-bin
histogrant

(b){examination of the cause of any unusual (e.g., multimodal) posterior distribution shapes

(c) Jexamination of inconsistencies between the prior distribution and the plant-specific evidence to
confirm that they are appropriate

(d) confirmation that the Bayesian updating algorithm provides meaningful results over the range of
values being analyzed

(e) confirmation of the reasonableness of the posterior distribution mean value
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Table 2-2.6-5 Supporting Requirements for HLR-DA-D (Cont’d)

The parameter estimates shall be based on relevant generic industry and plant-specific evidence. Where feasible, generic
and plant-specific evidence shall be integrated using acceptable methods to calculate plant-specific parameters. Each par-
ameter estimate shall be accompanied by a characterization of the uncertainty (HLR-DA-D).

Index No.
DA-D Capability Category I Capability Category II

DA-D5 USE the Beta-factor approacit OT an equivatent for — USE ONe Of the f010WINg Models foT estmating
estimating CCF parameters. CCF parameters for risk-significant basic eyentd for

CCF:

(a) Alpha Factor Model

(b) Basic Parameter Model

(c) Multiple Greek Letter Model

(d) Binomial Failure Rate Model

JUSTIFY the use of alternativeimethods (i.e.,
provide evidence of peerdeview or verification pf
the method that demonstrates its acceptability).
For estimating CCFparameters for non-risk-
significant basic events for CCF, ENSURE the
requirement for,CC-I is met.

DA-D6 USE generic CCF parameters. ENSURE the CCF USE CCF parameters consistent with available
parameters are evaluated in a manner consistent plant experience. ENSURE the CCF parameters
with the component boundaries. are evaluated in a manner consistent with the

component boundaries.

DA-D7 If generic event data are excluded for plant-specific e§timation, ENSURE that the generic event data
are excluded on both the CCF events and the independent failure events used to generate the CCF
parameters.

DA-D8 If modifications to plant design or operating If modifications to plant design or operating

practice lead to a condition where past data-are
no longer representative of current performance,
LIMIT the use of old data:

(a) If the modification involves newequipment
or a practice where generic parameter estimates
are available, USE the generic parameter estimates
updated with plant-specific,data as data become
available for unique désign or operational
features; or

(b) If the modification is unique to the extent
that generic parameter estimates are not available
and only linmited experience is available following
the change, then ANALYZE the impact of the
changeand ASSESS the hypothetical effect on
theistorical data to determine to what extent
the\data can be used.

practice lead to a condition where past data are
no longer representative of current performancd,
LIMIT the use of old data:
(a) 1If the modification involves new equipment
or a practice where generic parameter estimates
are available, USE the generic parameter estimaes
updated with plant-specific data as data becomg¢
available for risk-significant basic events; or
(b) 1f the modification is unique to the extent thjat
generic parameter estimates are not available arjd
only limited experience is available following tHe
change, then ANALYZE the impact of the change
and ASSESS the hypothetical effect on the histofical
data to determine to what extent the data can bg
used.
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The

Table 2-2.6-6 Supporting Requirements for HLR-DA-E
documentation of the Data Analysis shall provide traceability of the work (HLR-DA-E).

Index No.

DA-E Capability Category I Capability Category II

DA-E1 DOCUMENT the process used in the Data Analysis, specifying data parameter definition, grouping, and

collection (including parameter selection and estimation), including what is used as input, the applied

lllt:lllUL,‘lD, Lllt: ICDUILD, dl lLl Ulllt:l dClailb llt:t:b‘ltfh‘l [19) fuuy LlULLllllUllL llUW Ll IC 5CT U[ SRD ib bcll.lbfit'd.

(a) system and components requiring data, including the system and component boundaries used to,
establish component failure probabilities

(b) the data parameters required, including the data required for estimation and the statistical model
used to evaluate each basic event probability

(c) sources for generic parameter estimates

(d) the plant-specific sources of data

(e) the time periods for which plant-specific data were collected

(f) justification for exclusion of any data

(g) the basis for the estimates of CCF probabilities, including justification for exqluding or mapping of
generic and plant-specific data

(h) the rationale for any distributions used as priors for Bayesian updates, wihere applicable

(i) parameter estimate including the characterization of uncertainty

DA]

E2 DOCUMENT the sources of model uncertainty, related assumptionsand reasonable alternatives (as
identified in SRs DA-A5, DA-D1, and DA-D3) associated with the Pata Analysis.

2-2l7 QUANTIFICATION (QU)

2-2

7.1 Objectives

Tlhe objectives of the Quantification element are to provide an estimate of CDF based on the plant-specific core

darhage scenarios, in such a way that

—~ ~ —~ —~

and

—~

) the individual parts of the PRA model are integrated to obtain a quantifiable model
) the PRA is quantified to obtain reasonable and ¢omplete results

) human-action dependencies are addressed

1) risk-significant contributors to CDF are identified and understood in the context of the plant design, operation,

maintenance
) analysis limitations and uncertainties\are understood

(P the Quantification is documented tojprovide traceability of the work
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Table 2-2.7-1 High Level Requirements for Quantification (QU)

Designator

Requirement

HLR-QU-A

The individual parts of the Level 1 PRA shall be integrated to allow for quantification of individu
accident sequences and the mean CDF and to support the quantification of LERF. The integration

al

shall include the accident sequences, system models, data, and HRA elements and shall account for

system dependencies and recovery actions.

HLR-QU-B

Quantification of the PRA shall be performed using appropriate models, codes, a truncation leyel
sufficiently low to show convergence, and shall address method-specific limitations and featfires:
Quantification shall also address the breaking of circular logic, the identification of mutually

exclusive event combinations, the use of flag events and modules, and the performance of ldccident-

sequence quantification including the use of system successes.

HLR-QU-C

Model quantification shall be done in a manner such that the identified operator(@etion dependen
are addressed.

cies

HLR-QU-D

The Quantification results shall be reviewed for correctness, completeness, aiid consistency. The
risk-significant contributors to CDF, such as initiating events, accident sequences, and basic event
(equipment unavailabilities and HFEs), shall be identified. The result5shall be traceable to the ing
and assumptions made in the PRA.

uts

HLR-QU-E

Uncertainties in the PRA results shall be characterized. Sources 0f‘model uncertainty and related
assumptions shall be identified, and their potential impact én-the results understood.

HLR-QU-F

The documentation of the Quantification shall provide traceability of the work.

Table 2-2.7-2 Supporting Requirements for HLR-QU-A

The individual parts of the Level 1 PRA shall be integrated to allow for quantification of individual accident sequeices

and the mean CDF and to support the quantification of LERF. The'integration shall include the accident sequences, sys
models, data, and HRA elements and shall account for systefty dependencies and recovery actions (HLR-QU-A).

tem

Index No.
QU-A Capability Category I Capability Category II

QU-A1 INTEGRATE the accident sequences, system models, data, and HRA in the quantification process
for each initiating-event group,accounting for system dependencies, to arrive at accident-sequence
frequencies.

QU-A2 QUANTIFY the frequéngies of the individual sequences in a manner consistent with the quantificatiorn of
total CDF to identify risk-significant accident sequences/cutsets and confirm that the logic is accurately
represented. The.quantifications may be accomplished by using either fault-tree linking or event trees
with conditiorfal)split fractions.

QU-A3 CALCULATE-a point-estimate CDF using the QUANTIFY the mean CDF by propagating the
point-estimate values for the initiating-event uncertainty distributions on the parameters for
frequencies, HEPs, and basic event probabilities. the risk-significant contributors in such a way

that the state-of-knowledge correlation is taken
into account, unless it can be demonstrated thaf]

the effect of the state of knowledge is not risk
significant.

For contributors that are not risk significant,

an alternative approach is to CALCULATE the
mean CDF based on the mean values of the risk
significant input parameters and point estimateg for
the input parameters that are not risk significant.

QU-A4 SELECT a quantification method that is capable of discriminating the contributors to the CDF
commensurate with the level of detail in the model.

QU-A5 INCLUDE recovery actions in the quantification process in applicable sequences and cutsets (see SRs HR-
H1, HR-H2, and HR-H3).

QU-A6 IDENTIFY the Quantification sources of model uncertainty, the related assumptions, and reasonable

alternatives in a manner that supports the applicable requirements of Table 2-2.7-6 (HLR-QU-E).
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Table 2-2.7-3 Supporting Requirements for HLR-QU-B

Quantification of the PRA shall be performed using appropriate models, codes, a truncation level sufficiently low to show
convergence, and shall address method-specific limitations and features. Quantification shall also address the breaking of
circular logic, the identification of mutually exclusive event combinations, the use of flag events and modules, and the per-
formance of accident sequence quantification including the use of system successes (HLR-QU-B).

Index No.

QU-B

Capability Category I Capability Category II

QU

Bl

PERFORM quantification by using computer codes that have been demonstrated to generate accurate
results when compared with those from accepted algorithms. IDENTIFY method-specific limitationsand
features that could impact the results.

QU

B2

CONFIRM truncation of accident sequences and associated system models is at a sufficientlylow cutoff
value such that dependencies associated with risk-significant cutsets or accident sequences are not
eliminated. If cutsets are merged to create a solution (e.g., where system-level cutsets are merged to create
sequence-level cutsets), then CONFIRM truncation is sufficiently low for the merged-ctitset solution.

QU

B3

ESTABLISH truncation limits by an iterative process of demonstrating that the ovéerall model results
converge and that no risk-significant accident sequences are inadvertently eliminated.

Convergence can be considered sufficient when successive reductions in trungation value of one decade
result in decreasing changes in CDF and the final change is less than 5%, Other criteria for convergence
can be used when justified.

QU

B4

Where cutsets are used in quantification, USE the minimal cutset uppet bound or an exact solution.
JUSTIFY if the rare-event approximation is used.

QU

B5

VERIFY the methodology used for breaking circular logic associated with fault-tree linking and some
other modeling approaches does not introduce unnecessaty)conservatisms or nonconservatisms.

QU

B6

INCLUDE system successes in addition to system failures in the evaluation of accident sequences

to the extent needed for realistic estimation of CDE.<This may be accomplished by using numerical
quantification of success probability, complementary logic, or a delete-term approximation, which
addresses transfers among event trees where the “successes” may not be transferred between event trees.

QU

B7

IDENTIFY cutsets (or sequences) containingimutually exclusive events in the results.

QU

B8

CORRECT cutsets containing mutually\exclusive events by either
(a) developing logic to eliminate mutually exclusive situations, or
(b) deleting cutsets containing. mutually exclusive events

QU

B9

When using logic flags, SELE€T logic flag events as either “True” or “False” (instead of setting the event
probabilities to 1.0 or 0.0), ‘as/appropriate for each accident sequence, prior to the generation of cutsets.

QU

B10

If modules, subtrees, ot'split fractions are used to facilitate the quantification, USE a process that allows
(a) identification ¢f shared events

(b) correct formatipn of modules that are truly independent

(c) result interpretation based on individual events within modules (e.g., risk significance)
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Table 2-2.7-4 Supporting Requirements for HLR-QU-C

Model quantification shall be done in a manner such that the identified operator-action dependencies are addressed

(HLR-QU-C).
Index No.
Qu-C Capability Category I Capability Category II

Qu-C1 IDENTIFY cutsets with multiple HFEs that potentially impact risk-significant accident sequences/
Tutsets. Tor exampie, requantify the PRAmodet with HEP vatues setto vatues thatare sufficientiy igh
that the cutsets are not truncated.

QuU-C2 ASSESS the degree of dependency between the HFEs in the cutset or sequence in accordance with SR
HR-G7, HR-G8, and HR-G9.

QU-C3 When linking event trees, RETAIN the sequence characteristics (e.g., failed equipment, flag settings)

that impact the logic or quantification of the subsequent accident development, as wéll-as the sequende
frequency. For example, sequence characteristics can be transferred to another event tree by using the
appropriate cutsets.

Table 2-2.7-5 Supporting Requirements for HLR<QU-D

The Quantification results shall be reviewed for correctness, completeness, and consistency. The risk-significant contr{bu-
tors to CDF, such as initiating events, accident sequences, and basic events (equipment unavailabilities and HFEs), shall be

identified. The results shall be traceable to the inputs and assumptions made‘in'the PRA (HLR-QU-D).

Index No.
QU-D Capability Category I Capability Category II

QU-D1 REVIEW a sufficiently large sample of the risk-significant accident sequences/cutsets to determine thgt
the logic of the cutset or sequence is correct. ENSURE that sufficient accident sequences/cutsets are
reviewed to support this conclusion.

QU-D2 REVIEW the results of the PRA for modeling consistency (e.g., event sequence model’s consistency with
systems models and success criteria)-and operational consistency (e.g., plant configuration, procedurep,
and plant-specific and industry experience).

QU-D3 REVIEW results to determinesthat the flag event settings, mutually exclusive event rules, and recovery
rules yield logical results.

QU-D4 COMPARE results with those from similar plants COMPARE results with those from similar planfs
if information from similar plants is available. if information from similar plants is available arfjd

IDENTIFY causes for differences. For example,
why is LOCA a large contributor for one plant and
not another?

QU-D5 REVIEW a sampling of cutsets or accident sequences that are not risk significant to determine that thely
are redsonable and have physical meaning.

QU-D6 IDENTIFY significant contributors to CDF, such as  IDENTIFY risk-significant contributors to CDF,
injtiating events, accident sequences, equipment such as initiating events, accident sequences,
failures, CCFs, and operator errors. equipment failures, CCFs, and operator

errors. When evaluating the risk significance
of contributors, INCLUDE contributors to the
occurrence of both initiating events and event-
mitigation failures.

O-D7 REVIEW the Tmportarce of Comporernts arnd basic events to ensure that they are corsistent withrexpected
results or to understand and reconcile the reason for the unexpected results.

QU-D8 PERFORM an assessment to ensure that the cumulative impacts from the initiating events or initiating-

event groups screened out under SR IE-C6 do not affect the results or risk-significant contributors for the
risk assessment.
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Table 2-2.7-6 Supporting Requirements for HLR-QU-E

Uncertainties in the PRA results shall be characterized. Sources of model uncertainty and related assumptions
shall be identified and their potential impact on the results understood (HLR-QU-E).

Index No.
QU-E Capability Category I Capability Category II
QU-E1 ASSESS the effects of the model uncertainties and related assumptions identified for each technical
element by performing a qualitative or quantitative evaluation of the effects of the individual sources of
uncertainty or of combinations of interest.
QU}E2 CHARACTERIZE the uncertainty interval of CALCULATE the uncertainty distribution fox
the CDF results by specifying or discussing the the CDF results by propagating the uncertainty
range of the uncertainty, consistent with the distributions on the parameters for the'risk-
characterization of parameter uncertainties (see significant contributors (initiating events, basic
SRs [E-C15, HR-D6, HR-G10, and DA-D3). events, and HEPs) to CDF, and these model
uncertainties explicitly characterized by a
probability distribution in sich’a way that the state-
of-knowledge correlation-bétween component-
failure basic event probabilities is accounted for.
Table 2-2.7-7 Supporting Requirements for¢HLR-QU-F
The documentation of the quantification analysis shall provide traceability of the work and support interpretation of the

risk

profile for the plant (HLR-QU-F).

In

dex No.
QU-F

Capability Category I Capability Category 11

QU

F1

DOCUMENT the process used in the quantificatior analysis specifying the integration process, including any
recovery analysis, and the results of the quantifiéation including uncertainty analyses, what is used as input,
the applied methods, the results, and other détails needed to fully document how the set of SRs is satisfied:
(a) records of the process/results when adding nonrecovery terms as part of the final quantification

(b) records of the cutset review process

(c) a general description of the quantification process addressing systems successes, the truncation
values used, the application of recovery and post-initiator HFEs, method-specific limitations, and
features that could impact the results

(d) the process and results for establishing the truncation values for final quantification demonstrating
that convergence toward-a stable result was achieved

(e) the total plant CREand contributions from the different initiating events and accident classes

(f) the accident seéquences and their contributing cutsets

(g) equipment dr human actions that are the key factors in causing the accident sequences to not be risk
significant

(h) the unCertainty distribution (as specified for each Capability Category in SR QU-E2) for the total CDF
(i) impertance measure results

(j) adist'of mutually exclusive events eliminated from the resulting cutsets and their bases for elimination
(k) Sasymmetries in quantitative modeling to provide application users the necessary understanding of
the’reasons such asymmetries are present in the model

(I) the process used to illustrate that the computer code(s) used to perform the quantification will yield
correct results

(m) contributors whose risk significance (or non-risk-significance) is driven by assumptions related to
scope or level of detail

) . L kP! ] 1 PR 1l £ el . L PR Ko
Lty \_Ulllydllbull ULl TTOUILS U S1IIniar Plal S IIiIuuiIin 16 CaustTs 1UT llbl\'blsl HIICAITl UIIITITIICTS

QU-F2

DOCUMENT the risk-significant contributors (e.g., initiating events, accident sequences, equipment
failures, CCFs, and operator errors, including contributors to both initiating events and event-mitigation
failures) to CDF. DESCRIBE risk-significant accident sequences or functional failure groups in accordance
with the definitions provided in Section 1-2.2.

QU-F3

DOCUMENT the sources of model uncertainty, related assumptions, and reasonable alternatives (as
identified in SRs QU-A6, QU-E1, and QU-E2) associated with the Quantification.

QU-F4

DOCUMENT limitations in the quantification process that would impact applications.
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2-2.8 LERF ANALYSIS (LE)

2-2.8.1 Objectives

The objectives of the LERF Analysis element are to identify and quantify the contributors to large early releases,
based on the plant-specific core damage scenarios, in such a way that
(a) the physical characteristics of the Level 1 core damage assessment are used to define the PDSs

evaluated, and understood in the context of the plant design, operation, and maintenance
(d) realistic assessment of containment failures and bypass scenarios is performed
(e) parameter estimates support the LERF assessment
(f) quantitative evaluation of the LERF contributors is performed
(g) analysis limitations and uncertainties are understood
(h) the LERF Analysis is documented to provide traceability of the work

NOTE: In a number of cases, the LERF SRs include references to applicable SRs in other Sections of this-Standard (e.g., technical elemny

lents

Accident Sequence Analysis, Success Criteria, Systems Analysis, Human Reliability Analysis, Data Analysis, and Quantification).|The
requirements in other Sections of this Standard were primarily written in the context of CDF. Wheéré applicable to LERF, these requiremfents
should be interpreted in the context of LERF. New requirements that are only applicable to ISERF are identified in this Section.
Table 2-2.8-1 High Level Requirements for LERF Analysis (LE)
Designator Requirement

HLR-LE-A Core damage sequences shall be grouped into PDSs based on their accident progression attributes.

HLR-LE-B The accident progression analyses shall incliide an evaluation of contributors (e.g., phenomena,
equipment failures, and human actions) te.a’large early release.

HLR-LE-C The accident progression analysis shathinclude a realistic treatment of plant characteristics
(containment characteristics, scrubbing effects, equipment survivability, containment bypass
potential) and feasible operator actions (repair of equipment, mitigating actions, human actions
under adverse environments) fo identify those accident progressions that have the potential for a
large early release.

HLR-LE-D The accident progressief.analysis shall include an evaluation of the containment’s ability to prevent
a large early release, inéluding the impact of the accident sequence on the structural capability of fthe
containment, the abjlity of the containment isolation system to contain the release, the potential f¢r
a containment bypass to occur (e.g., ISLOCA), and the potential for pressure-induced or thermall-
induced SGERs to occur.

HLR-LE-E Paramefer values selected shall support the evaluation, characterization, and quantification of thq
accident progression sequences resulting in a large early release.

HLR-LE-F Alquantitative evaluation of the LERF contributors shall be performed, and the risk-significant
contributors to LERF, such as PDSs, containment challenges, and failure modes, shall be identifiedl.
Sources of model uncertainty and related assumptions shall be identified and their potential impgct
on the results characterized.

HLR-LE-G The documentation of the quantification shall provide traceability of the work.
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Table 2-2.8-2 Supporting Requirements for HLR-LE-A

Core damage sequences shall be grouped into PDSs based on their accident progression attributes (HLR-LE-A).

Index No.
LE-A

Capability Category I Capability Category II

LE-Al

IDENTIFY those physical characteristics at the time of core damage that can influence LERF. Examples
include

ll/l) RCS PICDDMIC [1[151[ RCS PICDDUIC Cdltl lt:bull, ill lllsll PICDDULU lllCIL CjCLLiUIl \I IFIVIE}]

(b) status of emergency core coolant systems (failure in injection can result in a dry cavity and
extensive core concrete interaction)

(c) status of containment isolation (failure of isolation can result in an unscrubbed release)

(d) status of containment heat removal

(e) containment integrity (e.g., vented, bypassed, or failed)

(f) steam generator pressure and water level (PWRs)

(g) status of containment inerting (BWRs)

LE-A2

IDENTIFY the accident sequence characteristics that lead to the physical characteristics identified in SR
LE-Al. Examples include
(a) type of initiator

(1) transients can result in high RCS pressure

(2) LOCAs usually result in lower RCS pressure

(3) ISLOCAs and SGTRs can result in containment bypass
(b) status of electric power: loss of electric power can result in loss;ef-Emergency Core Cooling System
injection
(c) status of containment safety systems such as sprays, fan cobélers, igniters, or venting systems:
operability of containment safety systems determines status'of containment heat
removal

LE-A3

IDENTIFY how the physical characteristics identified\in SR LE-A1 and the accident sequence
characteristics identified in SR LE-A2 are addressed in the LERF Analysis. For example,

(a) which characteristics are addressed in the Lével 1 event trees

(b) which characteristics, if any, are addresséd\in bridge trees

(c) which characteristics, if any, are addressed in the containment event trees

JUSTIFY any characteristics identified inSR LE-A1 or LE-A2 that are excluded from the LERF Analysis
(e.g. no risk-significant impact on release timing or magnitude)

PROVIDE a method to explicitly,aceount for dependencies between the Level 1 PRA

and LERF/Level 2 PRA models as identified in SRs LE-Al and LE-A2. Example methods include
(a) treatment in LERF/Leyel2 PRA

(b) expanding Level 1 PRA

(c) construction of a btidge tree

(d) transfer of the information via PDS

(e) a combinatign of the above methods

DEFINE PDSs in‘a manner consistent with SRs LE-A1, LE-A2, LE-A3, and LE-A4.
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Table 2-2.8-3 Supporting Requirements for HLR-LE-B

The accident progression analysis shall include an evaluation of contributors (e.g., phenomena, equipment failures, and
human actions) to a large early release (HLR-LE-B).

Index No.
LE-B Capability Category I Capability Category II

LE-B1 IDENTIFY LERF contributors from the set IDENTIFY LERF contributors from the set
Tdentified i Tabte 2=2-8=5INCEUDE plant=specific—identified i Tabie 2=2-8=5-amd other tessorTs:
LERF contributors as determined by expert INCLUDE plant-specific LERF contributors-as
judgment (SATISFY the requirements of Section determined by expert judgment (SATISFY the
1-4.2, Use of Expert Judgment) and/or engineering  requirements of Section 1-4.2, Use of Expert
analyses. Judgment) and/or engineering analyses.

LE-B2 CALCULATE the containment challenges (e.g., CALCULATE the containment ehallenges (e.g.,
temperature, pressure loads, debris impingement)  temperature, pressure loads, debris impingement)
resulting from contributors identified in SR LE-B1 ~ resulting from contributors, identified in SR LE-B1
using applicable generic analyses. Where using applicable generic Of, plant-specific analydes
applicable generic analyses are not available, for risk-significant containment challenges.
conservative plant-specific analyses may be used. =~ USE conservative analysis or a combination of

conservative and réalistic analysis for containment
challenges that'aré not risk significant.

If generic eal€ulations are used in support of the
assessment;JUSTIFY applicability to the plant
being‘evaluated (e.g., consistent with, or envelope,
the plant-specific design features and values).

LE-B3 USE supporting engineering analyses in USE supporting engineering analyses in

accordance with the applicable CC-I requirements
of HLR-5C-A and HLR-SC-B.

accordance with the applicable CC-II requirements
of HLR-SC-A and HLR-SC-B.
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Table 2-2.8-4 Supporting Requirements for HLR-LE-C
The accident progression analysis shall include a realistic treatment of plant characteristics (containment characteristics,
scrubbing effects, equipment survivability, containment bypass potential) and feasible operator actions (repair of equip-
ment, mitigating actions, human actions under adverse environments) to identify those accident progressions that have the
potential for a large early release (HLR-LE-C).

Index No.
LE-C Capability Category I Capability Category 11

LE-1 DEVELOP accident sequences to a level of detail DEVELOP accident sequences to a level of detail to
to account for the potential contributors identified ~ account for the potential contributors identifiédyin
in SR LE-B1 and analyzed in SR LE-B2. SR LE-B1 and analyzed in SR LE-B2.
COMPARE the containment challenges analyzed
in HLR-LE-B with the containment strtictiiral
capability analyzed in HLR-LE-D andyidentify
accident progressions that have the potential for a
large early release.
JUSTIFY any generic or plant-specific calculations
or references used to categofize releases as non-
LERF contributors based-on release magnitude or
release timing.

LE-[C2 USE conservative estimates for the HEPs of the PERFORM detailed analysis for the estimation of

feasible operator actions following the onset of HEPs of feasible; risk-significant operator actions

core damage. following the'onset of core damage consistent
with gpplicable procedures or guidance (e.g.,
EOPs.6r Severe Accident Management Guidelines,
proceduralized actions, or Technical Support
Center guidance).

LE-[C3 If crediting repair, ENSURE the credit given is If crediting repair, REVIEW risk-significant

conservative. accident sequences resulting in a large early release
to determine whether repair of equipment can
be credited. JUSTIFY credit given for repair (i.e.,
ensure that plant conditions do not preclude repair
and that actuarial data exist from which to estimate
the repair failure probability, as required by SRs
SY-A24 and DA-C15). AC power recovery based on
generic data applicable to the plant is acceptable.

LE-[C4 INCLUDE accident progression sequence model INCLUDE accident progression sequence model

logic necessary to previde sequences resulting logic necessary to provide an estimation of the

in a large early rel¢ase: risk-significant sequences resulting in a large early
release.
INCLUDE mitigating actions by operating
personnel, effect of fission product scrubbing
on radionuclide release, and expected beneficial
failures in risk-significant accident progression
sequences.
PROVIDE technical justification (by plant-specific
or applicable generic calculations demonstrating
the feasibility of the actions, scrubbing
mechanisms, or beneficial failures) supporting the
inclusion of any of these features.

LE-C5 USE conservative, generic analyses of system USE realistic generic or plant-specific analyses
success criteria that are applicable to the plant. for system success criteria for the risk-significant
accident progression sequences.
USE conservative or a combination of conservative
and realistic system success criteria for accident
progression sequences that are not risk significant.
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Table 2-2.8-4 Supporting Requirements for HLR-LE-C (Cont’d)
The accident progression analysis shall include a realistic treatment of plant characteristics (containment characteristics,
scrubbing effects, equipment survivability, containment bypass potential) and feasible operator actions (repair of equip-
ment, mitigating actions, human actions under adverse environments) to identify those accident progressions that have the
potential for a large early release (HLR-LE-C).

Index No.
LE-C Capability Category I Capability Category II

LE-Cé6 DEVELOP system models and data to support MODEL systems and use data to support the
the accident progression analysis in a manner accident progression analysis in a manner
consistent with the applicable CC-I requirements consistent with the applicable CC-II requifemeryts
for HLR-SY-A, HLR-SY-B, HLR-DA-A, HLR-DA-B, for HLR-SY-A, HLR-SY-B, HLR-DA-A, HLR-DA-B,
HLR-DA-C, and HLR-DA-D for the level of detail HLR-DA-C, and HLR-DA-D, for the level of defail
of the analysis. of the analysis.

LE-C7 In crediting success criteria and HFEs that support  In crediting success criteria aime HFEs that suppprt
the accident progression analysis, USE the the accident progression analysis, USE the
applicable CC-I requirements of HLR-AS-A, HLR-  applicable CC-II requitements of HLR-AS-A, HL.R-
HR-C, HLR-HR-F, and HLR-HR-H for the level of HR-C, HLR-HR-F, afnid*HLR-HR-H for the level jof
detail of the analysis. detail of the analysis:

LE-C8 INCLUDE accident sequence dependencies in INCLUDE accidént sequence dependencies in
the accident progression sequences in a manner the accidefitprogression sequences in a manner
consistent with the applicable CC-I requirements consistentwith the applicable CC-II requiremerjts
of HLR-AS-A and HLR-AS-B for the level of of HLR-AS-A and HLR-AS-B for the level of defjail
detail of the analysis. of'the-analysis.

LE-C9 DO NOT TAKE CREDIT for continued JUSTIFY credit given for equipment survivabilify
equipment operation or operator actions in or human actions under adverse environments
adverse environments (i.e., beyond equipment (e.g., based on an evaluation of environmental
qualification limits). conditions allowing human actions and system

or documented component environmental
qualification).

LE-C10 USE conservative or a combination, ¢fconservative and realistic treatments of adverse environmental
impacts if crediting equipment susyivability inside containment.

For example, it can be assumed(that equipment inside containment does not survive when subjected tp
environments beyond the equipment’s qualification limits. Examples include the following:

(a) SRV operation at high'containment temperature

(b) vent valve operatiomat high containment pressure

(c) motor-operated valve operation if located inside containment

LE-C11 USE conservativeOr a combination of conservative and realistic treatments of adverse environmental
impacts if crediting human actions or equipment survivability outside containment.

For example;it can be assumed that equipment outside containment does not survive after containment
failure/if the adverse impacts of containment failure could affect operability, survivability, or alignment of
the equipment.

LE-C12 BEVALUATE containment bypass events in a PERFORM a containment bypass analysis in a

Conservative manner. If crediting scrubbing, then
ENSURE the credit given is conservative.

realistic manner. JUSTIFY any credit taken for
scrubbing (i.e., provide an engineering basis for|
decontamination factor used).

the
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pressure-induced or thermally-induced SGTRs to occur (HLR-LE-D).

Table 2-2.8-5 Supporting Requirements for HLR-LE-D

The accident progression analysis shall include an evaluation of the containment’s ability to prevent a large early release,
including the impact of the accident sequence on the structural capability of the containment, the ability of the containment
isolation system to contain the release, the potential for a containment bypass to occur (e.g., ISLOCA), and the potential for

Index No.
LE-D Capability Category I Capability Category 11

LE-P1 CALCULATE the containment ultimate capacity CALCULATE the containment ultimate capacity:
for the containment challenges that result in a large  for the containment challenges that result in alarge
early release. USE a conservative containment early release. PERFORM a realistic containment
capacity analysis for containment challenges. If capacity analysis for the risk-significant
generic assessments formulated for similar plants containment challenges. If available, existing
are used, JUSTIFY applicability to the plant being generic containment design specifi¢-analyses
evaluated (e.g., similar containment designs or applicable to the plant may be used.
estimating containment capacity based on design For containment challenges thatare not risk
pressure and a conservative multiplier relating significant, ENSURE the requirement for CC-I is met.
containment design pressure and median ultimate  Static containment capability evaluations are
failure pressure). acceptable unless hydrogen concentrations

are expected to restlt in potential detonations:
INCLUDE such ensiderations for small-volume
containments (€7g., ice-condenser type).

LE-P2 EVALUATE the impact of containment seals, EVALUATE the impact of containment seals,
penetrations, hatches, drywell heads (BWRs), and penetratioris, hatches, drywell heads (BWRs), and
vent piping bellows and INCLUDE as potential ventpipe bellows and INCLUDE as potential
containment failures, as required. containment failures, as required. If generic

analyses are used in support of the assessment,
JUSTIFY applicability to the plant being
evaluated (e.g., similar failure locations in similar
containment designs).

LE-P3 When containment failure location affects.the When containment failure location affects the event
classification of the accident progression'as a large  classification of the accident progression as a large
early release, SPECIFY failure location based on early release, SPECIFY failure location based on
a containment assessment that addresses plant- a realistic containment assessment that addresses
specific features. JUSTIFY applicability of generic plant-specific features. If generic analyses are used
and other analyses (e.g., similarfailure locations in  in support of the assessment, JUSTIFY applicability
similar containment designs). to the plant being evaluated (e.g., similar failure

locations in similar containment designs).

LE-D4 USE a conservativé eéyaluation of interfacing PERFORM a realistic interfacing system failure
system failure pfobability for accident progression  probability analysis for the risk-significant accident
sequences regtilting in a large early release. progression sequences resulting in a large early
If generic gnalyses generated for similar plants release. USE a conservative or a combination of
are used; JUSTIFY applicability to the plant being conservative and realistic evaluation of interfacing
evaluated'(e.g., similar interfacing systems and system failure probability for accident progression
similar'containment designs). sequences that are not risk significant that result in

a large early release.

INCLUDE behavior of piping, relief valves,
pump seals, and heat exchangers at applicable
temperature and pressure conditions.

LE-D5 USE a conservative evaluation of secondary side PERFORM a realistic secondary side isolation

1solation capability for accident sequences caused
by SGTR resulting in a large early release. If generic
analyses generated for similar plants are used,
JUSTIFY applicability to the plant being evaluated
(e.g., similar isolation capability and similar
containment designs).

capability analysis for the risk-significant accident
sequences caused by SGTR resulting in a large
early release. USE a conservative or a combination
of conservative and realistic evaluation of
secondary side isolation capability for accident
sequences that are not risk significant that result
in a large early release. JUSTIFY applicability to
the plant being evaluated (e.g., similar isolation
capability and similar containment designs).
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pressure-induced or thermally-induced SGTRs to occur (HLR-LE-D).

ASME/ANS RA-S-1.1-2022

Table 2-2.8-5 Supporting Requirements for HLR-LE-D (Cont’d)
The accident progression analysis shall include an evaluation of the containment’s ability to prevent a large early release,
including the impact of the accident sequence on the structural capability of the containment, the ability of the containment
isolation system to contain the release, the potential for a containment bypass to occur (e.g., ISLOCA), and the potential for

Index No.
LE-D

Capability Category I

Capability Category II

LE-Dé6

PERFORM a conservative analysis of thermally-
induced SGTR that includes plant-specific
procedures.

PERFORM an analysis of thermally-induced(SG
that includes plant-specific procedures and desil
features and conditions that could impddt ttube
failure. SELECT failure probabilities based on
(a) RCS and steam generator postadeident condit
sufficient to describe the risk-sighificant outcome
(b) secondary side conditions including plant-
specific analysis of main steam safety valve and|
atmospheric dump valve failures

JUSTIFY assumptions.and selection of key inpu

12

LE-D7

PERFORM containment isolation analysis in a
conservative manner, including analysis of the
failure of containment isolation systems to
perform as designed and the status of safety
systems that do not have automatic isolation
provisions.

PERFORM containment isolation analysis in a
realistic mannérfor the risk-significant accident
progression‘sequences resulting in a large

early releaSe; including analysis of the failure
of contaifiment isolation systems to perform as
designed and the status of safety systems that d
net have automatic isolation provisions.

For the accident progression sequences that are
risk significant, ENSURE the requirement of CC
is met.

[©]

nhot

Table 2-2.8-6 Supporting Requirements for HLR-LE-E

Parameter values selected shall support the evaluation, characterization, and quantification of the accident progres:
sequences resulting in a large early release (HLR-LE-E).

ion

Index No.
LE-E Capability Category I Capability Category II
LE-E1 SELECT parameter valués for equipment and SELECT parameter values for equipment and
operator responseyin the accident progression operator response in the accident progression
analysis in a mafiner consistent with the applicable analysis in a manner consistent with the applicgble
CC-I requirements of Section 2-2.5 (HLR-HR-D, CC-II requirements of Section 2-2.5 (HLR-HR-D)
HLR-HR-GNHLR-HR-H) and Section 2.2-6 (HLR- HLR-HR-G, HLR-HR-H) and Section 2.2-6 (HLK-
DA-C, HLR-DA-D), including analysis of the DA-C, HLR-DA-D), including analysis of the
severe-accident plant conditions, as appropriate severe-accident plant conditions, as appropriatd for
forythe'level of detail of the analysis. the level of detail of the analysis.
LE-E2 USE conservative parameter estimates to USE realistic parameter estimates to characterizp
characterize accident progression phenomena. accident progression phenomena for risk-
significant accident progression sequences
resulting in a large early release.
For accident progression sequences that are not
risk significant that result in a large early releasg,
ENSLIRE the rnqnivnmnﬂl‘ of CC-lismet
LE-E3 INCLUDE as LERF contributors potential large INCLUDE as LERF contributors potential large
early release sequences in a conservative manner, early release sequences identified from the results
that is, designate early containment failures, of the accident progression analysis of HLR-LE-C
bypass sequences, and isolation failures as LERF except those large early release sequences justified
contributors. as non-LERF contributors in SR LE-C1.
LE-E4 QUANTIFY LERF in a manner consistent with the applicable requirements of HLR-QU-A, HLR-QU-B,

and HLR-QU-C. For SR QU-A3, meet the requirements of the desired Capability Category.
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Table 2-2.8-7 Supporting Requirements for HLR-LE-F

A quantitative evaluation of the LERF contributors shall be performed, and the risk-significant contributors to LERF, such
as PDSs, containment challenges, and failure modes, shall be identified. Sources of model uncertainty and related assump-
tions shall be identified and their potential impact on the results characterized (HLR-LE-F).

Index No.

LE-F

Capability Category I Capability Category II

LE-

I

TDENTIF Y the significant contributors to [arge TOENTIFY TIsK-significant comributors to LERT,
early releases (e.g., PDSs, containment failure INCLUDE contributors associated with each of the
modes). PDSs from Table 2-2.8-9.

LE-

2

REVIEW contributors for reasonableness (e.g., REVIEW contributors for reasonableness (e.gY/
to ensure that excessive conservatisms have not to ensure that excessive conservatismshaye not
skewed the results, that level of plant specificity skewed the results, that level of plant specificity
is appropriate for risk-significant contributors) is appropriate for risk-significant contributors)
in a manner consistent with the applicable CC-I in a manner consistent with the applicable CC-II
requirements of Table 2-2.7-5 (HLR-QU-D). requirements of Table 2-2.7-5 (HLR-QU-D).

IDENTIFY the LERF sources of model uncertainty, =~ IDENTIFY the LERF souzces of model uncertainty,
the related assumptions, and reasonable the related assumptions;and reasonable
alternatives, in a manner consistent with the alternatives, in a manner consistent with the
applicable CC-I requirements of Table 2-2.7-6 applicable CC-Ikzequirements of Table 2-2.7-6
(HLR-QU-E). (HLR-QU-E).

The
file

Table 2-2.8-8 Supporting Requirementsfor HLR-LE-G

documentation of the LERF Analysis shall provide traceability of theywork and support interpretation of the risk pro-
for the plant (HLR-LE-G).

dex No.
LE-G

Capability Category I Capability Category II

LE-

51

DOCUMENT the process used in the LEREAnalysis specifying what is used to identify PDSs and
accident progression contributors, defingiaccident progression sequences, evaluate accident progression
analyses of containment capability, and\quantify and review the LERF results, inputs, the applied
method, the results, and other details)ineeded to fully document how the set of SRs is satisfied:

(a) the accident sequence charagteristics and the PDSs, including their physical attributes, as addressed
in the analysis

(b) the method used to bin the accident sequences into PDSs, including the identification of LERF
contributors

(c) the containment4ailure modes, phenomena, equipment failures, and human actions included in the
development of the accident progression sequences and the justification for their inclusion or exclusion
from the accident progression analysis

(d) the analyssis of factors influencing containment challenges and containment capability, as appropriate
for the levél of detail of the analysis

(e) thelasis for the containment capacity analysis including the identification of containment failure
location(s), if applicable

(flsthe accident progression analysis sequences included in the containment event trees

(g)/the basis for parameter estimates

(1) the model integration process including the results of the quantification, and identification of risk-
significant contributors to LERF

(i) the uncertainty distribution for the total LERF

LE-

DOCUMENT the risk-significant contributors (e.g., initiating events, accident sequences, basic events)

to LERF in the PRA results summary. DESCRIBE risk-significant accident sequences or functional
failure groups in accordance with the definitions provided in Section 1-2.2. DOCUMENT the relative
contribution of contributors (i.e., PDSs, accident progression sequences, phenomena, containment
challenges, containment failure modes)

LE-G3

DOCUMENT the sources of model uncertainty, related assumptions, and reasonable alternatives (as
identified in SR LE-F3) associated with the LERF Analysis.

LE-G4

DOCUMENT limitations in the LERF Analysis that would impact applications.
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Table 2-2.8-9 LERF Contributors to Be Considered

Containment Design

Large D

LERF Contributor Subatnglospr:eric Ice Condenser BWR Mark | BWR Markll  BWR Mark Il
Containment isolation failure X X X X X [Note (1)]
Containment Q\]Irr_\:lcc
(a) ISLOCA X X X X X
(b) SGTR X X
(¢) Induced SGTR X X
Energetic containment failures
(a) HPME X X X X X
(b) Hydrogen combustion ... X X [Note (3)] X'Note (3)] X
(¢) Core debris impingement [Note (2)] X X X
Steam explosion [Note (4)] .. . X X X
Shell melt-through ... . X (if applicable) X (if applicable)
Pressure suppression bypass [Note (5)] .. X X X X
RPV and/or containment venting X (if applicable) X (if applicablé), X X X
Isolation condenser tube rupture ... X (if applicable)
Vacuum breaker failure X X X
Hydrodynamic loads under severe accident conditions ... N X X X
Containment flooding X X
In-vessel recovery X X X X X
ATWS-induced failure N e X X X

GENERAL NOTE: Combinations of contributors should also b& analyzed where appropriate. For example, in a BWR Mark | or Il, the combinatipn
of containment flooding and containment venting should*be analyzed.

NOTES:

(1) drywell (DW) isolation failure

(2) applicable to steel shell designs only

(3) during de-inerted operation only

(4) steam explosion challenges are of40W'probability for PWRs

(5) ice bed bypass for ice condengers-and suppression pool bypass for BWR
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NONMANDATORY APPENDIX 2-A
EXPLANATORY NOTES REGARDING APPLICATION OF THE PART 2
SUPPORTING REQUIREMENTS

2-A.1 ORGANIZATION AND CONTENT

is Nonmandatory Appendix (NMA) provides notes
and general explanatory material tied to specific SRs as
statied in Part 2 of this Standard. The material contained
in this Appendix is nonmandatory and, as such, does
not|establish new requirements: rather, the material is
intdnded to clarify the intent of an SR, explain jargon
that might be used in an SR, and/or provide examples
of gnalysis approaches that would meet the intent of
the|SR.
Tlhe explanatory material, presented in Section 2-A.2,
is ofganized by technical element and then by SR num-
ber] For example, Table 2-A.2.1-2 provides explanatory
matferial for the Initiating Events SRs. All of the com-
meftary is provided at the SR level and, thus, there are
no fables for the HLRs in this appendix. Note that not all

SRs include explanatory material. The SRs that de_net
have additional explanatory material are indicated with
“No commentary provided.”

The goal of the notes and commentary in this NMA to
Part 2 is to ensure that analysts are apprised of certain
known characteristics, challenges, an&i§sues associated
with the Level 1 PRA model. Whilesome of the discus-
sion includes “primer-like” information, the language
herein should not be viewed"as' prescriptive. The ana-
lyst should not interpret thistAppendix as limiting flex-
ibility in the performanice/of the technical analyses or
in the application oftéxpert judgment. A broad range of
tools, techniques, Tmplicit/explicit analyses, and judg-
ment may be required to address the diverse modeling
required. Comprehensive documentation of the data
and techuical bases for the analyses modeling decisions
is a critical part of a Level 1 internal-events PRA.

2-A.2 COMMENTARY TO INTERNAL-EVENTS PRA TECHNICAL ELEMENTS AND REQUIREMENTS

2-AL2.1 COMMENTARY TO INITIATING EVENT ANALYSISYIE)

Table 2-A.2.1-1 Commentary to HighLevel Requirements for Internal Initiating Event Analysis (IE)

Designator Commentary
HLR-IE-A No commentary provided.
HLR-IE-B No commentafty)provided.
HLR-IE-C No commentary provided.
HLR-IE-D No commentary provided.
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Table 2-A.2.1-2 Commentary to Supporting Requirements for HLR-IE-A

Index No.
IE-A Commentary
IE-Al No commentary provided.
IE-A2 No commentary provided.
I}: A3 }VTU \,Ullllllclltﬂl)’ leV;dCd. .
{
IE-A4 No commentary provided. Aq/l/
IE-A5 No commentary provided. q>) '
IE-A6 No commentary provided.
IE-A7 No commentary provided.
IE-A8 No commentary provided. A?‘
IE-A9 No commentary provided. CA
IE-A10 No commentary provided. S ~
IE-A11 No commentary provided. X
™ Vi
\V
Table 2-A.2.1-3 Commentary to Supporting/Re(g%fements for HLR-IE-B
Index No. Q\<
IE-B Cqm@e tary
. N
IE-B1 No commentary provided. g\Q
1E-B2 No commentary provided. \(\® i
IE-B3 No commentary provided. Q\'\
IE-B4 No commentary provided. ’\®\‘
IE-B5 No commentary provided. x§ -
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Table 2-A.2.1-4 Commentary to Supporting Requirements for HLR-IE-C

Index No.
IE-C Commentary
IE-C1 No commentary provided.
IE-C2 No commentary provided.
IE-G3 Nocommentary-provided:
IE-(4 No commentary provided.
IE-¢5 For the computation of annual average CDF/LEREF (i.e., for comparison to Reg. Guide 1.174 [2-A-24]

quantitative acceptance guidelines), the appropriate units for initiating-event frequency are evehts per
calendar year, commonly expressed as events per reactor-year, where a reactor-year is one fulkcalendar
year of experience for one reactor. However, when determining total annual plant CDF (oZLERF), which
includes contributions from events occurring during power operation as well as during. other plant
operating states, the calculation of the contribution for each operating state must address the fraction of
the year that the plant is in that operating state. Two examples follow:

(a) Loss of Bus Initiating Event. A loss of bus initiating event can be computed by -annualizing the hourly
failure rate of the bus and associated breakers, relays, and so on, that could lead to loss of power on the
bus during the time the plant is at-power. For example, for the bus itself; the initiating-event frequency

over a full year would be calculated as

— *
fi:us—8,760 - Abus Hyear

where
fou=8,760 = frequency of loss of bus over a full 8,760-hr year:
H . =hoursin 1 calendar year or reactor-year, 8,760 hr¥yr

ye:
A, = failure rate of bus per hour, for example, 1.0E-7/hr

However, to calculate CDF (or LERF) for events at~power only (i.e., for the scope of PRA covered by this
Standard), it is necessary to adjust for the fraction of time the plant is at-power. Thus, the result obtained
from the above equation needs to be multiplied by an additional term, say F

at-power

where

= fraction of year that, on average, the plant is at-power, for example, 90%

at-power

Thus,
=1.0E-7/hr x 8,760’hr /yr x 0.90 = 7.9E-4 /reactor-year

bus at-power

(b) Turbine Trip Initiating Event. Some initiating events, such as a turbine trip, may be computed based
on plant-specific experience. In this case, the number of events classified as turbine trip events is in the
numerator, and theé number of applicable calendar years of operation is in the denominator. The fraction
of time at-pofver‘is implicitly included in the numerator because the turbine trip experience is limited to
at-power eéxperience by the nature of the event.

Thus
Jrr =N/ Yop
Where

., = frequency of turbine trip events per reactor-year
N, = number of events classified as turbine trip events (e.g., 27 events)

Y, = number of applicable calendar years of plant operation, regardless of operating mode (e.g., 23 yrs)

Therefore,
fi7 =27 events / 23 yrs = 1.2 / reactor-year

The number of applicable calendar years should be based on the time period of the event data being
used and may exclude unusual periods of nonoperation (i.e., if the plant were in an extended forced
shutdown).
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Table 2-A.2.1-4 Commentary to Supporting Requirements for HLR-1E-C (Cont’d)

Index No.
IE-C Commentary

IE-C5 For some applications, such as configuration risk management or analyses that compare specific risks

(Cont’d) during different modes of operation, it may be appropriate to use initiating-event frequencies that do not
include the fraction of time in the operating state. In these cases, the initiating-event frequency should
be per unit of time (ie per hour or per year) For at-power operation. this basis is sometimes referred to
as per reactor-critical-year (i.e., assuming that the reactor operated continuously for a year). On a niorg¢
general basis, it could be considered to be per reactor-operating-state-year.

In the loss of bus initiating-event example above, the term Fat_Power would not be included in the
computation of initiating-event frequency for these kinds of applications.
In the turbine trip initiating-event example above, the value must be adjusted by dividing f,, by F, |

IE-C6 Initiating events involving a complicated shutdown cannot be screened out. A complicated shutdown|is
performed as a result of a degraded condition (e.g., initiating event) requiring additional operator actjons
beyond those of a normal shutdown or involves the unavailability of one or mote-systems normally uped
to safely shut down the reactor.

IE-C7 No commentary provided.

IE-C8 Some initiating events are amenable to fault-tree modeling as the appropriate way to quantify them.
These initiating events, usually support-system failure events, areshighly dependent on plant-specific
design features.

IE-C9 No commentary provided.

IE-C10 No commentary provided.

IE-C11 No commentary provided.

IE-C12 No commentary provided.

IE-C13 No commentary provided.

IE-C14 No commentary provided.

IE-C15 No commentary provided.

Table 2-A.2.1-5 Commentary to Supporting Requirements for HLR-IE-D
Index No.
IE-D Commentary

IE-D1 An example of-ene*method to satisfy this SR is a cross-reference identifying each SR and where it is
addressed in-the’documentation. This example of a documentation method facilitates PRA applicatior}s,
upgrades,.and peer reviews.

1IE-D2 One poOtentially acceptable method is described in NUREG-1855 [2-A-22].

2-A.2.2 COMMENTARY TO ACCIDENT SEQUENCE ANALYSIS (AS)

Table 2-A.2.2-1 Commentary to High Level Requirements for Accident Sequence Analysis (AS)

npeignzfnr ('nmmnnl-ary
HLR-AS-A No commentary provided.
HLR-AS-B No commentary provided.
HLR-AS-C No commentary provided.

91

Copyright © 2022 by the American Society of Mechanical Engineers. &W@
No reproduction may be made of this material without written consent of ASME. (%



https://asmenormdoc.com/api2/?name=ASME ANS RA-S-1.1 2022.pdf

Table 2-A.2.2-2 Commentary to Supporting Requirements for HLR-AS-A

Index No.
AS-A Commentary
AS-Al No commentary provided.
AS-A2 SRs AS-A2, AS-A3, and AS-A4 define the model in terms of how the plant works but do not address what
the model should include. Modeling details are addressed in SRs AS-A5 AS-A6 AS- A7, AS-A8 AS-A9
AS-A10, and AS-11. Ky
ASHA3 SRs AS-A2, AS-A3, and AS-A4 define the model in terms of how the plant works but do not addres: N ?
the model should include. Modeling details are addressed in SRs AS-A5, AS-A6, AS-A7, AS-A8, A ,
AS-A10, and AS-11. N
ASHA4 SRs AS-A2, AS-A3, and AS-A4 define the model in terms of how the plant works but do ta'a’dress what
the model should include. Modeling details are addressed in SRs AS-A5, AS-A6, AS-A7, A8, AS-A9,
AS-A10, and AS-11. \~
The intent of SR AS-A4 is not to address specific procedures but rather to identif; a@'ﬁmetional level,
what is required of the operators for success. A@
. Y
ASA5 No commentary provided. . v
ASA6 No commentary provided. (§$</
AS-A7 No commentary provided. ‘?‘%
AS-HA8 No commentary provided. (\:\
AS-A9 No commentary provided. AQ
AS-A10 No commentary provided. O\) )
. S
ASA11 No commentary provided. L \\
ASA12 No commentary provided. Q
S
Table 2-A.2.2-3 Commentary @pporting Requirements for HLR-AS-B
Irjdex No. O“
AS-B b\ Commentary
AL
. O
AS-B1 No commentary provided, ~\\
AS-B2 No commentary proviged;\J
ASB3 No commentary p;e@}d.
AS-B4 No commentary@o'\jzided.
ASB5 No Comme}a@ provided.
AS-B6 No cm@\fary provided.
AS-B7 No&entary provided.
\
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Table 2-A.2.2-4 Commentary to Supporting Requirements for HLR-AS-C

Index No.
AS-C Capability Category I Capability Category II
AS-C1 An example of one method to satisfy this SR is a cross-reference identifying each SR and where it is
addressed in the documentation. This documentation method facilitates PRA applications, upgrades, and
peer reviews.
AS-C2 One potentially acceptable method is described in NUREG-1855 [2-A-22].

2-A.2.3 COMMENTARY TO SUCCESS CRITERIA (SC)

Table 2-A.2.3-1 Commentary to High Level Requirements for Success Criteria (SC)

Designator Commentary
HLR-SC-A No commentary provided.
HLR-SC-B No commentary provided.
Table 2-A.2.3-2 Commentary to Supporting Requiréments for HLR-SC-A
Index No.
SC-A Commentary

SC-Al No commentary provided.

SC-A2 Pages 3 through 8 of reference [2-A-2] used the Examples of measures for core damage for non-|
following simplified definitions of core dafage ATWS scenarios include
to avoid the need for “detailed thermalshydraulic ~ (a) collapsed liquid level less than one-third cor¢
calculations beyond the scope and regources of height or code-predicted peak core temperature
the work.” For BWRs, “the core is_gonsidered >2,500°F (BWR)
to be in a damaged state when the reactor water (b) Collapsed liquid level below top of active fu¢l
level is less than 2 ft above the bottom of the for a prolonged period; or code-predicted peak fore
active fuel.” For PWRs, “tlie/core is considered temperature >2,200°F using a code with simpliffed
to be in a damaged state pnce the top of the (e.g., single-node core model, lumped parametey)
active fuel assemblies is"uncovered.” core modeling (PWR)

The “peak core temperature” in this example refers
to post-initiator conditions.

SC-A3 Requirementsfor specifying success criteria appear under HLRs for other technical elements as well
(e.g., HLR-AS-A, HLR-SY-A). These requirements are intended to be complementary, not duplicative.
For examiple, for accident sequences, SRs AS-A2, SC-A3, SC-A4 (if applicable), AS-A3, and AS-A4 are
intended to be used together to specify the set of systems and human actions necessary to meet the kefy
safety function success criteria.

SC-A4 No commentary provided.

SC-A5 No commentary provided.

SCA6 No commentary provided.

SC-A7 No commentary provided

SC-A8 No commentary provided.
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Table 2-A.2.3-3 Commentary to Supporting Requirements for HLR-SC-B

Index No.
SC-B Commentary
SC-B1 No commentary provided.
SC-B2 No commentary provided.
SC-p3 Nocommentary provided.
SC-p4 No commentary provided.
SC-B5 No commentary provided.
SC-B6 No commentary provided.
Table 2-A.2.3-4 Commentary to Supporting Requirements for HLR-SC-C
Irjdex No
SC-C Commentary
SC-1 An example of one method to satisfy this SR is a cross-reference identifyihg each SR and where it is
addressed in the documentation. This documentation method facilitatés PRA applications, upgrades, and
peer reviews.
SC2 One potentially acceptable method is described in NUREG-18552-A-22].
2-A.2.4 COMMENTARY TO SYSTEMS ANALYSIS (SY)

Table 2-A.2.4-1 Commentary to High Level Réquirements for Systems Analysis (SY)

Designator Commentary
HLR-SY-A No commentary provided.
HLR-SY-B No commentary provided.
HLR-SY-C No commentary provideds
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Table 2-A.2.4-2 Commentary to Supporting Requirements for HLR-SY-A

Index No.
SY-A Commentary
SY-Al No commentary provided.
SY-A2 No commentary provided.
S\l A:} }VTU \,Ullllllclltﬂl)’ leV;dcd. .
{
SY-A4 No commentary provided. ,ﬂ,l’
SY-A5 To ASSESS the effects of alternate system No commentary provided. (1>) '
alignments, the potential impact on CDF and N
applications should be considered. For example, NG
the potential impact on CDF and applications %’
can be considered quantitatively, by modeling %
the alternate alignments that are used regularly, QY
or qualitatively, by discussing the differences %
between the alignments, the time in the alternate é
alignments, and the perceived impact, including ?\
support system dependencies. As long as the Q/
potential impacts of the alternate alignments are @
identified, the actual numerical impact on CDF is %)
not required to meet CC-L C
SY-A6 No commentary provided. , O\
SY-A7 No commentary provided. A(S(
SY-A8 No commentary provided. \§f<
SY-A9 No commentary provided. 5\
SY-A10 No commentary provided. K <
. N
SY-A1l No commentary provided. @\Q
SY-A12 No commentary provided. K\
SY-A13 No commentary provided. \O
SY-A14 No commentary provid‘e‘(‘fl\(-\!\~
SY-A15 No commentary prov@.
SY-Al6 No commentary cE&Q.Vided.
SY-A17 No Commen;a@ovided.
SY-A18 No comrpen\;rfy provided.
SY-A19 No gg@%ejntary provided.
SY-A20 I\‘T\(%Q)nmentary provided.
SY-A21 r@ﬁ'}) commentary provided.
SY-A22 /é\J No commentary provided.
SY—A(Z\?SO No commentary provided.
SYN-@ No commentary provided.
CX AL DL L adad
S¥A Neo-commentary-provided:
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Table 2-A.2.4-3 Commentary to Supporting Requirements for HLR-SY-B

Index No.
SY-B Commentary

SY-B1 One potentially acceptable method is described in ~ One potentially acceptable method is described in
NUREG/CR-5485 [2-A-3]. NUREG/CR-5485 [2-A-3].

SY-B2 No commentary provided.

SY-B3 No commentary provided. ('\q/

SY-B4 Dependency on support or interfacing systems may be modeled in one of the following ways: Q v
(a) for the fault-tree linking approach, model the dependencies as a link to the appropriate even,()(;‘lgate
in the support-system fault tree N
(b) for the linked event-tree approach, USE event-tree logic rules or calculate a probability, o;}ach split
fraction conditional on the scenario definition .

SY-B5 No commentary provided. Oy

Y

SY-B6 No commentary provided. \%

SY-B7 The information collected from plant walkdowns are one source of informat?%garding spatial/
environmental hazards, for resolution of spatial /environmental issues or@a ation of the impacts of
such hazards.

SY-B8 No commentary provided. ?\ X

SY-B9 No commentary provided. (f)\

SY-B10 No commentary provided. /\Q

SY-B11 No commentary provided. QV

SY-B12 No commentary provided. 9\\}\

SY-B13 No commentary provided. ) -

SY-B14 No commentary provided. ‘\\\\

*‘
A\g
O
O
o
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Table 2-A.2.4-4 Commentary to Supporting Requirements for HLR-SY-C

Index No.
SY-C Commentary
SY-C1 An example of one method to satisfy this SR is a cross-reference identifying each SR and where it is
addressed in the documentation. This documentation method facilitates PRA applications, upgrades, and
peer reviews.
SY-C2 One potentially acceptable method is described in NUREG-1855 [2-A-22].

2-A.2.5 COMMENTARY TO HUMAN RELIABILITY ANALYSIS (HR)

Reference [2-A-23] provides useful background information for Human Reliability Analysis.

Table 2-A.2.5-1 Commentary to High Level Requirements for Human Reliability Analysis (HR)

Designator

Commentary

Pre-Initiator
HRA

HLR-HR-A No commentary provided.
HLR-HR-B No commentary provided.
HLR-HR-C No commentary provided.
HLR-HR-D No commentary provided.

Post-Initiator
HRA

HLR-HR-E No commentary provided.
HLR-HR-F No commentary provided.
HLR-HR-G No commentary provided.
HLR-HR-H No commentary provided.
Pre- and

Post-Initiator
HRA

HLR-HR-I No commentary provided.
Tableg'2-A.2.5-2 Commentary to Supporting Requirements for HLR-HR-A
Index No.
HR-A Commentary
HR-A1 No commentary provided.
HR-A2 No commentary provided.
HR-A3 No commentary provided.
HR-A4 No commentary provided.
Table 2-A.2.5-3 Commentary to Supporting Requirements for HLR-HR-B
Index No.
HR-B Commentary
HR-B1 No commentary provided.
HR-B2 No commentary provided.
97

Copyright © 2022 by the American Society of Mechanical Engineers.
No reproduction may be made of this material without written consent of ASME. (%



https://asmenormdoc.com/api2/?name=ASME ANS RA-S-1.1 2022.pdf

Table 2-A.2.5-4 Commentary to Supporting Requirements for HLR-HR-C

Index No.
HR-C Commentary

HR-C1 No commentary provided.

HR-C2 No commentary provided.

HRfC3 NO commentary provided.

Table 2-A.2.5-5 Commentary to Supporting Requirements for HLR-HR-D
Irjdex No.
HR-D Commentary

HR{D1 Acceptable methods include THERP [2-A-4] and ASEP [2-A-5].

HR{D2 No commentary provided.

HR{D3 No commentary provided. The quality of the humat-machine interface
takes into accountadherence to human factors
guidelines (see NUREG-0700 [2-A-18]) and results
of any quantitative evaluations of performance per
functionalgrequirements.

HRiD4 No commentary provided.

HR{D5 When considering multiple human actions in the same acdcident sequence or cutset, a minimum joint
HEP should be identified and justified. One approach fof, establishing minimum HEP values is provided
in EPRI 1021081 [2-A-20] or the updated version, EPR1:3002003150 [2-A-25]. NUREG-1792 [2-A-21] also
provides a discussion of the minimum joint HEP.

HR1D6 No commentary provided.

Table 2-A.2.5-6 Commentary to Supporting Requirements for HLR-HR-E
Irfdex No.
HR-E Commentary

HR{E1 No commentary provided.

HRiE2 No commentary previded.

HR{E3 No commentary provided.

HR{E4 No commentary provided.

HR1E5 No cominéntary provided.

Table 2-A.2.5-7 Commentary to Supporting Requirements for HLR-HR-F
Irfdex No.
HR-FE Commentary
HR{F{ No commentary provided.
HR-F2 No commentary provided.
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Table 2-A.2.5-8 Commentary to Supporting Requirements for HLR-HR-G

Index No.
HR-G Commentary
HR-G1 No commentary provided.
HR-G2 No commentary provided.
IIR G:’J T} < ASEP Ayt]luak}l [ﬂ A 5] JllC{)’ LC C{k\.ct’tab}c fUL }JU CUIITTITITT ltClly tll\_}v;dcd.
the CC-I requirement.
HR-G4 No commentary provided.
HR-G5 No commentary provided.
HR-G6 No commentary provided.
HR-G7 When considering multiple human actions in the same accident sequence or cutset,.asiiinimum joint IEP
is identified and justified. This SR is not meant to imply that a single value is toe tised as a minimumy
HEP for all situations. Instead, a minimum joint HEP is set as a threshold forwhich cutset or accident
sequence-specific justification is not required. Lower joint HEPs may be used, ifjustified based on the
context of the cutset or accident sequence (e.g., consider the impact of changing plant state, additional
cues, additional resources, applicability of procedures and training). &pproaches for establishing
minimum joint HEP values are discussed in EPRI 1021081 [2-A-20].onthe updated version, EPRI
3002003150 [2-A-25], and NUREG-1792 [2-A-21]. A sensitivity stady*for the defined minimum joint HHP
may be performed to assess the impact on the CDF or LERF results, importance measures, or applicatipns.
HR-G8 No commentary provided.
HR-G9 The suggestions in NUREG/CR-4550 [2-A-2] provide’examples of how lowest acceptable limits may He
applicable to different contexts. Examples of appropriate technical justification for use of a lower joint
HEP can include contextual considerations that niight indicate very low dependence or independence
between human actions, such as timing, changing plant state, additional cues, additional resources,
the applicability of procedures, and trainingzSuch justification considers the specific human-action
combinations in conjunction with specifie’accident sequences or cutsets.
A particular HFE combination can be excluded if it can be shown to have no impact on risk, based on
applicable evaluation of each cutset @ accident sequence with that combination.
This SR is intended to support an-assessment for dependency risk impacts to ensure the driving factogs
are adequately captured in the PRA model results. Examples of factors that support of a reasonable
technical justification can belfound in EPRI 3002003150 [2-A-25].
HR-G10 No commentary provided:
Table 2-Ac2y5-9 Commentary to Supporting Requirements for HLR-HR-H
Index No.
HR-H Commentary
HR-H1 Nae.commentary provided.
HR-H2 NoO commentary provided.
HR-H3 No commentary provided.
HR-H4 No commentary provided.
T -AC205+ -HR-
Index No.
HR-I Commentary
HR-I1 An example of one method to satisfy this SR is a cross-reference identifying each SR and where it is
addressed in the documentation. This documentation method facilitates PRA applications, upgrades, and
peer reviews.
HR-I2 One potentially acceptable method is described in NUREG-1855 [2-A-22].
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2-A.2.6 COMMENTARY TO DATA ANALYSIS (DA)

Table 2-A.2.6-1 Commentary to High Level Requirements for Data Analysis (DA)

Designator Commentary
HLR-DA-A No commentary provided.
HLR-BA-B Nocommentaryprovided:
HLR-DA-C No commentary provided.
HLR-DA-D No commentary provided.
HLR-DA-E No commentary provided.

Table 2-A.2.6-2 Commentary to Supporting Requirements for HLR-DA-A

Irjdex No.
DA-A Commentary
DAIA1 No commentary provided.
DALA2 No commentary provided.
DA}A3 Examples include
(a) 1-e™*T = AT when AT< 0.1 for failure to continue running over,a component mission time, T, with a
constant failure rate, A
(b) (A1)/2 for a periodically tested standby component subject to a standby failure rate of A and a testing
interval of T
(c) q for a failure on demand, based on a failure on démand probability “q” that does not consider testing
interval
DA}A4 No commentary provided.
DAA5 No commentary provided.
Table 2-A.2.6-3 Commentary to Supporting Requirements for HLR-DA-B
Irjdex No.
DA-B Commentary
DA}B1 No commentary provided.
DA}B2 No commentary provided.

100

Copyright © 2022 by the American Society of Mechanical Engineers.
No reproduction may be made of this material without written consent of ASME. %



https://asmenormdoc.com/api2/?name=ASME ANS RA-S-1.1 2022.pdf

ASME/ANS RA-S-1.1-2022

Table 2-A.2.6-4 Commentary to Supporting Requirements for HLR-DA-C

Index No.
DA-C Commentary
DA-C1 Examples of parameter estimates and associated sources include
(1) component failure rates and probabilities: NUREG/CR-4639 [2-A-6], NUREG/CR-4550 [2-A-2],
NUREG-1715 [2-A-17], NUREG/CR-6928 [2-A-16]
th-EEFs INUREGAER-5497 1A INUREG-ER-626812-A~81
(c) AC off-site power recovery: NUREG/CR-5496 [2-A-9], NUREG/CR-5032 [2-A-10] (]/
(d) component recovery Q(l/
See NUREG/CR-6823 [2-A-1] for a listing of additional data sources. X
DA-C2 No commentary provided. ,\".\
DA-C3 No commentary provided. O)’
DA-C4 No commentary provided. A?:
DA-C5 No commentary provided. O\\(.
DA-Cé6 No commentary provided. ‘&J
DA-C7 No commentary provided. R /‘(
. \v
DA-C8 No commentary provided. {-3
DA-C9 No commentary provided. . v
DA-C10 No commentary provided. L O\
DA-C11 No commentary provided. <§<
DA-C12 No commentary provided. \\({ N
DA-C13 No commentary provided. S\Q\‘
DA-C14 No commentary provided. R )
DA-C15 No commentary provided. N N
DA-C16 No commentary provided. \\\Q‘
O
Table 2-A.2.6-5 @%nentary to Supporting Requirements for HLR-DA-D
Index No. X X
DA-D N\ Commentary
X
DA-D1 No commer}taa)rovided.
DA-D2 No comr(ren}ajry provided.
e
DA-D3 No R@lentary provided.
DA-D4 ]@Ufnmer\tary provided.
DA-D5 e Beta-factor screening approach in NUREG/ No commentary provided.

D

CR-5485 [2-A-3] may be acceptable for the CC-I

requirement.
N .
DA- No commentary provided.
W:fb No commentary provided.
DA-D8 No commentary provided.
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Table 2-A.2.6-6 Commentary to Supporting Requirements for HLR-DA-E

Index No.
DA-E Commentary
DA-E1 An example of one method to satisfy this SR is a cross-reference identifying each SR and where it is
addressed in the documentation. This documentation method facilitates PRA applications, upgrades, and
peer reviews.
DA}E2 One potentially acceptable method is described in NUREG-1855 [2-A-22].
2-AL2.7 COMMENTARY TO QUANTIFICATION (QU)

Table 2-A. 2.7-1 Commentary to High Level Requirements for Quantification (QU)

Designator Commentary
HLR-QU-A No commentary provided.
HLR-QU-B No commentary provided.
HLR-QU-C No commentary provided.
HLR-QU-D No commentary provided.
HLR-QU-E No commentary provided.
HLR-QU-F No commentary provided.

Table 2-A.2.7-2 Commentary to Supporting Requirements for HLR-QU-A

Irfdex No.
QU-A Commentary

QUA1 No commentary provided.

QU}A2 No commentary provided.

QULA3 No commentary provided. It has been found that risk-significant cutsets
contributing to ISLOCA frequency that involve
rupture of multiple valves, for example, can
exhibit a significant impact of state-of-knowledge
correlation (see [2-A-11]).

QUIA4 No commentaryiprovided.

QU}AS5 No commentary provided.

QU}A6 No cominentary provided.
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Table 2-A.2.7-3 Commentary to Supporting Requirements for HLR-QU-B

Index No.
QU-B Commentary
QU-B1 No commentary provided.
QU-B2 No commentary provided.
QIUI-B3 No commentary provided
QU-B4 Using the rare-event approximation (i.e., summing the cutsets to obtain the CDF) is appropriate Qilq}/
if the basic event probabilities are small. Other solution methods such as the minimal cutset u
bound are generally more appropriate and sufficient for internal-event models. Although les sitivp
to nonrare events, some of these other methods may also assume that the probabilities are small. In
situations where there are a significant number of events with high probability, additionAhevaluation
may be appropriate to determine that the results are suitable for the given applicatioﬁb
QU-B5 Guidance for breaking logic loops is provided in NUREG/CR-2728 [2-A-12]. Q?;
QU-B6 No commentary provided. \O')
QU-B7 No commentary provided. S
QU-B8 No commentary provided. ‘\Q , '
QU-B9 No commentary provided. CA
-~
QU-B10 No commentary provided. ¢ ?‘
O\
Table 2-A.2.7-4 Commentary to Support'g@equirements for HLR-QU-C
Index No. \\\
QuU-C sQ&hmentary
Qu-C1 No commentary provided. \‘g\@
QuU-C2 No commentary provided. r>$
QU-C3 No commentary provided. A\v
xO
Table 2-A.2.7-5 r&a?dmentary to Supporting Requirements for HLR-QU-D
Index No. ~
QU-D : Commentary
)
QU-D1 No commer@a@provided.
QU-D2 No corp\l@\t‘a'ry provided.
QU-D3 No entary provided.
QU-D4 /I)@B’mmentary provided.
QuU-D5 )\ﬁo commentary provided.
QU-D6 (/e No commentary provided.
QU- N4 No commentary provided.
P8 No commentary provided.
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Table 2-A.2.7-6 Commentary to Supporting Requirements for HLR-QU-E

Index No.
QU-E Commentary
QU-E1 The impact on the PRA of known model uncertainties, simplifying assumptions, and screened-out
initiating events need to be identified and their potential impact discussed. The impact on the PRA includes
the impact on the individual technical elements of the PRA (e.g., Accident Sequences, Data, Human
RC};C[‘L];};‘L)’ Aua}y Dib), llU‘L J.LID:. :.1 1< 111 lJr}ﬂ‘.‘L UIl .l.} < Lﬂ}l. I.A}Cl{,cd CDF/’LEP\F. PUDD;L}C Clcfc\. {,D 11 l\.}udc LllllUd bll.‘l.iull
of a new basic event, changes to basic event probabilities, changes in success criteria, and so on.
QU}E2 No commentary provided.
Table 2-A.2.7-7 Commentary to Supporting Requirements for HLR-QU-F
Injdex No.
QU-F Commentary
QUIF1 An example of one method to satisfy this SR is a cross-reference identifying each®SR and where it is
addressed in the documentation. This documentation method facilitates PRAapplications, upgrades, and
peer reviews.
QU}F2 No commentary provided.
QU}F3 One potentially acceptable method is described in NUREG-1855[2*A=22].
QU}F4 No commentary provided.

2.8 COMMENTARY TO LERF ANALYSIS (LE)

Table 2-A.2.8-1 Commentary to High Level Requirements for LERF Analysis (LE)

Designator Commentary
HLR-LE-A No commentary provided.
HLR-LE-B No commentary provided.
HLR-LE-C No commentary provided.
HLR-LE-D No commentary provided.
HLR-LE-E No commentary. provided.
HLR-LE-F No commentary provided.
HLR-LE-G No cominentary provided.

Table 2-A.2.8-2 Commentary to Supporting Requirements for HLR-LE-A
Irjdex No.

LE-A Commentary
LE-A1 No commentary provided.
LE-A2 References [2-A-13] and [2-A-14] provide example lists of typical accident sequence characteristics that

can influence LERE.

LE-A3 No commentary provided.
LE-A4 No commentary provided.
LE-A5 No commentary provided.
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Table 2-A.2.8-3 Commentary to Supporting Requirements for HLR-LE-B

Index No.
LE-B Commentary
LE-B1 The methodology and data contained in NUREG/  NUREG/CR-6595 [2-A-15] may be used to
CR-6595 [2-A-15] may be acceptable for the CC-1 identify LERF contributors from Table 2-2.8-9 for
requirement. applicability. In addition, lessons learned from
Fulkushima regarding scenarios with hydrogen
leakage to the auxiliary building should alsorbe
considered.
LE-B2 The methodology and data contained in NUREG/  No commentary provided.
CR-6595 [2-A-15] may be an acceptable approach
for the CC-I requirement.
LE-B3 No commentary provided.
Table 2-A.2.8-4 Commentary to Supporting Requirements for HER-LE-C
Index No.
LE-C Commentary
LE-C1 The methodology and data contained in NUREG/  NUREG/CR6595, App. A [2-A-15] and
CR-6595 [2-A-15] may be an acceptable approach NUREG-1935 [2-A-19] provide discussion and
for the CC-I requirement. exaniples of LERF source terms.
LE-C2 The methodology and data contained in NUREG/ ¢NoO commentary provided.
CR-6595 [2-A-15] may be an acceptable approach
for the CC-I requirement.
LE-C3 No commentary provided.
LE-C4 The methodology and data contained in®NUREG/  No commentary provided.
CR-6595 [2-A-15] may be an acceptableapproach
for the CC-I requirement.
LE-C5 No commentary provided.
LE-Cé6 No commentary provided.
LE-C7 No commentary provided.
LE-C8 No commentary provided.
LE-C9 The methodolegy.and data contained in NUREG/  No commentary provided.
CR-6595 [2-A=-15] may be an acceptable approach
for the CC-T'requirement.
LE-C10 No cofnmentary provided.
LE-C11 Ndécommentary provided.
LE-C12 The methodology and data contained in NUREG/  No commentary provided.

CR-6595 [2-A-15] may be an acceptable approach
for the CC-I requirement.

105

Copyright © 2022 by the American Society of Mechanical Engineers.
No reproduction may be made of this material without written consent of ASME.

@)



https://asmenormdoc.com/api2/?name=ASME ANS RA-S-1.1 2022.pdf

Table 2-A.2.8-5 Commentary to Supporting Requirements for HLR-LE-D

Index No.
LE-D Commentary
LE-D1 The methodology and data contained in NUREG/  Quasi-static containment capability evaluations
CR-6595 [2-A-15] may be an acceptable approach are acceptable unless hydrogen concentrations are
for the CC-I requirement. expected to result in potential detonations: include
(e.g., ice-condenser type).
LE-P2 The methodology and data contained in NUREG/  No commentary provided.
CR-6595 [2-A-15] may be an acceptable approach
for the CC-I requirement.
LE-P3 Containment failures below ground level may not  Containment failures below groundlevel may not
be a large early release even if the timing is early. be a large early release even if the timing is early.
Such failures may arise as a result of failures in the  Such failures may arise as a reSult of failures in the
basemat region. Containment failures that result in ~ basemat region. Containment failures that result in
impacts on structures other than containment (e.g., impacts on structures other than containment (e.g.,
loss of hydrogen control) should be considered. loss of hydrogen contrg})-should be considered.
The methodology and data contained in NUREG/
CR-6595 [2-A-15] may be an acceptable approach
for the CC-I requirement.
LE-P4 No commentary provided.
LE-P5 No commentary provided.
LE-P6 The methodology and data contained in NUREG/  When/justifying assumptions and key inputs,
CR-6595 [2-A-15] may be an acceptable approach use of reasonably bounding assumptions, or
for the CC-I requirement. performance of sensitivity studies indicating low
sensitivity to changes in the range in question is
acceptable. An acceptable approach is one that
arrives at plant-specific split fractions by selecting
the steam generator tube conditional failure
probabilities based on current industry guidance
for induced steam generator failure of similarly
designed steam generators and loop piping.
LE-p7 No commentary provided.
Table 2-A.2.8-6"* Commentary to Supporting Requirements for HLR-LE-E
Irjdex No
LE-E Commentary
LE-E1 No commeritary provided.
LE-E2 Theanethodology and data contained in NUREG/  No commentary provided.
CR:6595 [2-A-15] may be an acceptable approach
forthe CC-I requirement.
LE-E3 The methodology and data contained in NUREG/  No commentary provided.
CR-6595 [2-A-15] may be an acceptable approach
for the CC-I requirement.
LE-EZ The SKs referenced 1n these tables are written iIn CDF language. Pursuant to this requirement, the

applicable Quantification requirements in HLR-QU-A should be interpreted based on the approach taken
for the LERF model. For example, SR QU-A2 addresses the calculation of point estimate/mean CDEFE.
Pursuant to this requirement, the application of SR QU-A2 would apply to the quantification of point
estimate/mean LERF.
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Table 2-A.2.8-7 Commentary to Supporting Requirements for HLR-LE-F

Index No.
LE-F Commentary

LE-F1 No commentary provided.

LE-F2 The SRs referenced in Table 2-2.7-5 (HLR-QU-D) The SRs referenced in Table 2-2.7-5 (HLR-QU-D)
are written in CDF language. The applicable are written in CDF language. The applicable
requirements of HLR-QU-D and HLR-QU-E requirements of HLR-QU-D and HLR-QU-E
should be interpreted based on LERF, including should be interpreted based on LERE, including]
characterizing the sources of model uncertainty characterizing the sources of model uncertainty
and related assumptions associated with the and related assumptions associated with'the
applicable contributors from Table 2-2.8-9. For applicable contributors from Table,2-2.8-9. For
example, SR QU-D6 addresses the risk-significant example, SR QU-D6 addresses the risk-significaht
contributors to CDE. Under this requirement, the contributors to CDF. Under thisTtequirement, the
contributors would be identified based on their contributors would be identified based on their
contribution to LERFE. contribution to LERF.

LE-F3 The SRs referenced in this table are written in CDF ~ The SRs referenced in‘this table are written in CDF
language. The applicable requirements of HLR- language. The applieable requirements of HLR-
QU-D and HLR-QU-E should be interpreted based =~ QU-D and HLR-QU-E should be interpreted baged
on LERE, including characterizing the sources on LERF, ingluding characterizing the sources
of model uncertainty and related assumptions of model Gngertainty and related assumptions
associated with the applicable contributors from associatedwith the applicable contributors from
Table 2-2.8-9. For example, SR QU-D6 addresses Table-2+2.8-9. For example, SR QU-D6 addresse{‘
the risk-significant contributors to CDF. Pursuant the risk-significant contributors to CDFE. Pursuant
to this requirement, the contributors would be to this requirement, the contributors would be
identified based on their contribution to LERF. 1dentified based on their contribution to LERF.

Table 2-A.2.8-8 Commentary to. Stupporting Requirements for HLR-LE-G
Index No.
LE-G Commentary

LE-G1 An example of one method to satisfy this SR is a cross-reference identifying each SR and where it is
addressed in the documentation. This documentation method facilitates PRA applications, upgrades, pnd
peer reviews.

LE-G2 No commentary provided.

LE-G3 One potentially acceptable method is described in NUREG-1855 [2-A-22].

LE-G4 No commentaryprovided.
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PART 3
FLOOD AT-POWER PRA

3-1

T
intd

3-1
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Section 3-1
Overview of Internal Flood At-Power PRA Requirements

.1 PRA SCOPE

his Part states the technical requirements for a Level 1 and large early release frequency (LERF) analysis of the
rnal flood hazard group (including water, steam, and oil) while at-power.

L2 COORDINATION WITH OTHER PARTS OF THIS STANDARD

his Part is intended to be used together with Part 1 andRart 2 of this Standard. An internal-events at-power PRA

eloped in accordance with Part 2 is the starting pointfor the development of the internal flood PRA model. The

rnal flood PRA may produce or be accompanied byther hazards, such as seismic-induced flood, and so this Part
coordinates with Part 5, Part 7, Part 8, and Part™.

(The text presented in blue font in this Standard comprise hyperlinks to enable efficient access
to referenced sections and elements, requirements, notes, references, etc.)
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Section 3-2
Internal Flood PRA Technical Elements and
Requirements

The requirements of this Part are organized into the following seven technical elements:
(a) Internal Flood Plant Partitioning (IFPP)

(b) Internal Flood Source Identification and Characterization (IFSO)

(c) Internal Flood Scenario Development (IFSN)

(d) Internal Flood Initiating Event Analysis (IFEV)

(e) Internal Flood PRA Plant Response Analysis (IFPR)

(f) Internal Flood Human Reliability Analysis (IFHR)

(¢) Internal Flood Risk Quantification (IFQU)

3-2.1 INTERNAL FLOOD PLANT PARTITIONING (IFPP)
3-2.1.1 Objectives

The objective of Internal Flood Plant Partitioning is to identify plant areas-where internal floods can be initig
in such a way that

(a) plant-specific physical layouts and separations are included

(b) flood areas are defined to provide the basis for the identification of flood scenarios and flood-induced accid
sequences

(c) the Internal Flood Plant Partitioning is documented to provide traceability of the analysis

Table 3-2.1-1 High Level Requiréments for Internal Flood Plant Partitioning (IFPP)

ted

ent

Designator Requirement

HLR-IFPP-A The internal flood PRA shall define the physical boundaries of the analysis to include all plant
locations relevanttothe internal flood PRA.

HLR-IFPP-B The internal flood PRA shall perform a plant partitioning analysis to identify and define the flood
areas to be évaluated in the internal flood PRA.

HLR-IFPP-C Documgntation of Internal Flood Plant Partitioning shall provide traceability of the analysis.

Table 3-2.1-2 Supporting Requirements for HLR-IFPP-A

The internal flged PRA shall define the physical boundaries of the analysis to include all plant locations relevant to|
internal flood-PRA (HLR-IFPP-A).

the

Index Neo.
IFRP-A Capability Category I Capability Category II
IFPP-A1 INCLUDE within the plant analysis boundary all areas or locations within the licensee-controlled arez

where an mternal tlood could adversely attect any equipment to be included in the Internal Flood FIk/
Plant Response Analysis, including those locations of an adjacent unit that contain shared equipment
included in the internal flood PRA.
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Table 3-2.1-3 Supporting Requirements for HLR-IFPP-B

The internal flood PRA shall perform a plant partitioning analysis to identify and define the flood areas to be evaluated in
the internal flood PRA (HLR-IFPP-B).

Index No.
IFPP-B Capability Category I Capability Category II

IFPP-B1 DEFINE flood areas by d1V1d1ng the plant into physmally separate areas where a flood area is viewed as a
PUITIUI[ Ol' d Uuuuulg Or pldllt IIldI lb bepdrdteu ITOIIL UIIlt!f dIeds Uy Ud[fltffb IIldI Lleldy, [CbIIlLI, Oor PIEVCIII
the propagation of floods to adjacent areas.

IFPP-B2 USE plant-information sources that represent the as-built, as-operated plant to support development.of
flood areas.

IFPP-B3 ENSURE that
(a) collectively, the defined flood areas encompass all locations within the plant analysis befindary,
including shared areas and the applicable areas from the adjacent unit for multi-unit sites’(see Supporting
Requirement (SR) IFPP-AT)

(b) defined flood areas do not overlap

IFPP-B4 COLLECT the following information from plant-information sources or via plant walkdown(s):
(a) spatial information needed for the development of flood areas
(b) plant design features credited in defining flood areas
CONFIRM the accuracy of information collected by conducting walkdown(s)

IFPP-B5 IDENTIFY the sources of model uncertainty, the related assumptions; and reasonable alternatives
associated with the Internal Flood Plant Partitioning in a mannet that supports the applicable
requirements of Table 2-2.7-6 (HLR-QU-E).

Table 3-2.1-4 Supporting Requirements for HLR-IFPP-C
Dodumentation of the Internal Flood Plant Partitioning shall ptovide traceability of the analysis (HLR-IFPP-C).
Irjdex No.
FPP-C Capability Category I Capability Category II

IFPP-C1 DOCUMENT the process used in tHe)Internal Flood Plant Partitioning analysis, specifying what is used
as input, the applied method, and the results. The documentation includes, as a minimum,

(a) flood areas defined in the.analysis and the reasons for excluding any areas within the licensee-
controlled area from furthér analysis

(b) the general nature and key or unique features of the partitioning elements that define each flood area
(c) any walkdowns performed in support of the plant partitioning

IFPP-C2 DOCUMENT thespdrces of model uncertainty, the related assumptions, and reasonable alternatives (as
identified via, SR FFPP-B5) associated with the Internal Flood Plant Partitioning.

3-2l2 INTERNAL FLOOD SOURCE IDENTIFICATION AND CHARACTERIZATION (IFSO)

3-2|2.1 Objectives

Tlhe objectives of Internal Flood Source Identification and Characterization are to identify, characterize, and docu-
ment the plantspecific sources in such a way that

(#) potentidl flood sources, including water, steam, and other liquids (e.g., lubricating oil), are identified

(b) floed sources for each flood area are identified

(¢) \flood areas with potential flood sources are retained as the flood-initiating areas

(d) mechanisms that cause the flooding are identified
(e) flood source release characteristics are included
(f) the Internal Flood Source Identification and Characterization is documented to provide traceability of the

ana

lysis
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Table 3-2.2-1 High Level Requirements for Internal Flood Source Identification and Characterization (IFSO)

Designator Requirement
HLR-IFSO-A The potential flood sources in the flood areas and their associated failure mechanisms shall be
identified and characterized in a manner sufficient to define flood scenarios.
HLR-IFSO-B Documentation of the Internal Flood Source Identification and Characterization shall provide

traceability of the analysis.

Table 3-2.2-2 Supporting Requirements for HLR-IFSO-A

The potential flood sources in the flood areas and their associated failure mechanisms shall be identified and‘character
in a manner sufficient to define flood scenarios (HLR-IFSO-A).

zed

Index No.
IFSO-A Capability Category I Capability Category 11

IFSO-A1 For each flood area, IDENTIFY the potential flood sources, including
(1) equipment (e.g., piping, valves, pumps) located in the area that is conmeeted to fluid systems
(b) plant internal flood sources (e.g., tanks or pools) located in the flood‘atea
(c) plant external flood sources (e.g., reservoirs or rivers) that are cofiriected through some system or
structure within the plant boundary

IFSO-A2 IDENTIFY the potential flood sources that include water, stearii-and other liquids (e.g., lubricating oill
fuel oil).

IFSO-A3 For multi-unit sites with shared systems or structures, ENCLUDE any sources with potential multi-un}t or
cross-unit impacts.

IFSO-A4 RETAIN flood areas for further consideration as-flood-initiating areas unless it can be concluded, using
criteria SCR-3 from Table 1-1.8-1, that they domotcontain any of the potential flood sources identified|via
SR IFSO-A1, SR IFSO-A2, and SR IFSO-A3.

IFSO-A5 For each potential flood source, IDENTIFY:the failure mechanisms that would result in a release of wdter,
steam, or other liquids from the flood-$ource, including
(a) failure modes of components sucH as pipes, tanks, gaskets, expansion joints, fittings, and seals
(b) human-induced mechanisms that could lead to overfilling tanks or the diversion of flow through
openings created to perform maintenance
(c) inadvertent actuation ofia-fire suppression system
(d) other events resulting.in a release into the flood area

IFSO-A6 For each source and its identified failure mechanism, IDENTIFY the characteristic of release and the
capacity of the squitce, including
(a) a charactefization of the breach (e.g., leak, rupture, spray)
(b) applicablejrange of flow rates
(c) capacity-of source (e.g., gallons of water)
(d) thé pressure and temperature of the source

IFSO-A7 IDENATTFY the location of flood sources and the possibility of flooding of the area due to inleakage
pathways from plant-information sources or via plant walkdown(s).
CONFIRM the accuracy of information collected by conducting plant walkdown(s).

IFSO-A8 IDENTIFY the sources of model uncertainty, the related assumptions, and reasonable alternatives
associated with the Internal Flood Source Identification and Characterization in a manner that suppors
the applicable requirements of Table 2-2.7-6 (HLR-QU-E).
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Table 3-2.2-3 Supporting Requirements for HLR-IFSO-B
Documentation of the Internal Flood Source Identification and Characterization shall provide traceability of the analysis
(HLR-IFSO-B).

Index No.
IFSO-B Capability Category I Capability Category II

IFSO-B1 DOCUMENT the process used in the Internal Flood Source Identification and Characterization spec1fy1ng
Wlld[ lb let!(l das lll[)l,lf, IIltf dpplltf(.l IlleIIlUu, dIlU_ IIIC febultb lllt! UULUII[BI[IC{[IUII lll(,lubleb, ds d Illl.IllIIlL,lIIl,
(a) identified flood sources and the resulting list of sources to be further examined
(b) Identified failure mechanisms and flood characteristics
(c) basis for any screening performed
(d) any calculations or other analyses used to support or refine the flooding evaluation
(e) any walkdowns performed.

IFSO-B2 DOCUMENT the sources of model uncertainty, the related assumptions, and reasonable alternatives (as
identified via SR IFSO-A8) associated with the Internal Flood Source Identification and\Characterization.

3-2.3 INTERNAL FLOOD SCENARIO DEVELOPMENT (c) flood source release characteristics are included

mel
cifi
dar]
(i

(IFSN)
3.1 Objectives

he objectives of Internal Flood Scenario Develop-
1t are to define, screen, and document the plant-spe-
internal flood scenarios that could lead to core
hage in such a way that

) systematic identification of flood scenarios is per-

formed

(

) identified flood areas and flood sources are in-

clugled

(d) flood barriers are ifieluded

(e) flood propagation“paths are identified and in-
cluded

(f) automatic'and/or operator (manual) responses to
terminate a flood and mitigate its consequences are in-
cluded

(¢) impact of flood on plant performance and dam-
age te'plant equipment are included

(h) "the Internal Flood Scenario Development is docu-
mented to provide traceability of the analysis

Table 3-2.3-1 High Level Requirements for Internal Flood Scenario Development (IFSN)

Designator Requirement
HLR-IFSN-A Flood scenarios shall be'developed and characterized for each flood source in each retained flood
area by identifying the.propagation path(s) of the source and the affected SSCs.
HLR-IFSN-B Documentation @f\the Internal Flood Scenario Development shall provide traceability of the analysis.
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Table 3-2.3-2 Supporting Requirements for HLR-IFSN-A

Flood scenarios shall be developed and characterized for each flood source in each retained flood area by identifying the
propagation path(s) of the source and the affected SSCs (HLR-IFSN-A).

Index No.
IFSN-A

Capability Category I Capability Category II

IFSN-A1

IDENTIFY the flood propagation path from the flood source to its area(s) of accumulation for each flood

SOUTCE T eaciT ffoodarea Tetaimed i the imtermat-frood PRA:

IFSN-A2

IDENTIFY plant design features that support the ability to terminate or contain the flood propagation|
each flood source in each flood area retained in the internal flood PRA.

INCLUDE the presence of

(a) flood alarms

(b) flood dikes, curbs, sumps, water-tight doors, and all other flood barriers

(c) drains (i.e., physical structures that can function as drains)

(d) sump pumps

(e) spray shields

(f) blowout panels or dampers with automatic or manual operation capability

for

IFSN-A3

IDENTIFY those automatic actuations or operator responses that have therability to terminate or contg
the flood propagation for each flood source in each flood area retainedsin the internal flood PRA.

in

IFSN-A4

ESTIMATE the capacity of the drains and the amount of water retained by sumps, berms, dikes, and
curbs. INCLUDE these factors in estimating flood volumes and-evaluating structure, system, and
component (SSC) impacts from flooding.

IFSN-A5

IDENTIFY the following SSCs located in flood area retained’in the internal flood PRA, the spatial loca

of each identified SSC in the area, and any credited flooding mitigative features for each identified SS¢

that

(a) are required to respond to an internal flood-induced initiating event or whose failure would
challenge normal plant operation and are susceptible to flood

(b) impact the ability to terminate, delay, oriéontain the flood propagation

fion

IFSN-A6

For the SSCs identified in SR IFSN-A5, IDENTIFY  For the SSCs identified in SR IFSN-A5, IDENTIF]
the susceptibility of each SSC in a flogdh area to (a) the susceptibility of each SSC in a flood area
submergence and spray failure mechanisms. submergence, spray, humidity, and condensation
Either ASSESS, qualitatively, thesimpact of the failure mechanisms
flood-induced mechanisms thatare not explicitly ~ (b) the susceptibility of each SSC to submergenc
addressed (e.g., jet impingement, pipe whip) or spray, jet impingement, pipe whip, temperature,
specify that these mechanisms are not included in ~ pressure, humidity, and condensation failure
the scope of the evaluation. mechanisms for flood scenarios involving a high
energy line break
JUSTIFY any determination that SSCs as identifig
in SR IFSN-A5 within the flood area are not
susceptible to flood-induced failure mechanisms

Fo

T

~

d

IFSN-A7

When'determining susceptibility of SSCs to flood-induced failure mechanisms (see SR IFSN-A6),
INCLUDE the SSCs identified in SR IFSN-A5 unless the SSC functionality in the presence of internal
flood effects can be supported by one or a combination of the following;:

(a) test or operational data

(b) engineering analysis

(c) expertjudgment (satisfy the requirements of Section 1-4.2, Use of Expert Judgment)
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Table 3-2.3-2 Supporting Requirements for HLR-IFSN-A (Cont’d)
Flood scenarios shall be developed and characterized for each flood source in each retained flood area by identifying the
propagation path(s) of the source and the affected SSCs (HLR-IFSN-A).

Index No.
IFSN-A Capability Category I Capability Category II

IFSN-A8 IDENTIFY interarea propagation between areas IDENTIFY interarea propagation between areas
COTTITECted Via PerTTarerTt OPeriTgyS), GrailT e i cormected via
the normal flow path, and open doors, stairwells, (a) drain lines in the normal flow path
and hatchways. (b) backflow through drain lines involving failed

check valves

(c) pipe and cable penetrations (including.cable
trays) without penetration seals robust enough to
prevent propagation

(d) doors and gaps below doors

(e) stairwells

(f) hatchways

(g) blowout panels

(h) HVAC ducts

(i) floor grates and plugs

(j) penetration seals

INCLUDE poterntial for structural failure (e.g.,
doors, walls,\penetration seals) due to flooding
loads.

IFSN-A9 For each flood scenario, using conservative plant-  Foreach flood scenario that is risk significant,
specific values for flood-area design features, using/plant-specific values for flood-area design
ESTIMATE the following except where the features, CALCULATE the following except where
requirements are not applicable: the requirements are not applicable:

(a) conservative (i.e., bounding) flood source (a) flood source inventory, break size, and release

inventory, break size, and release rate rate

(b) conservative flood propagation and drainage (b) flood propagation and drainage rates by

rates including flow pathways through floor drains,

(c) conservative volume fractions occupied floor grates, floor hatches, gaps below doorways,

by SSCs for the affected flood areas (for flood- wall openings, and HVAC ducts

submergence scenarios only) (c) SSC occupancy fractions for the affected flood

(d) conservative potential of flood barrier failures  areas (for flood-submergence scenarios only)

(e) conservative humidityand temperature (d) potential of flood barrier failures

conditions for the affected flood areas (for steam (e) humidity and temperature conditions for the

release scenario only,) affected flood areas (for steam release scenarios
only)

IFSN-A10 For each flood scenario that causes submergence, For each flood scenario that causes submergence
ESTIMATE the tonservative flood heights and the =~ and is risk significant, CALCULATE the flood
associated times to damage SSCs that are included  heights and the associated times to damage SSCs
in the internal flood PRA model and are located that are included in the internal flood PRA model
in the'flood-initiating area and areas in potential and are located in the flood-initiating area and
prepagation paths. areas in potential propagation paths.

ASSESS the impact on SSCs included in the ASSESS the impact on SSCs included in the
internal flood PRA model caused by submergence, internal flood PRA model caused by submergence,
spray, harsh environment, or hydraulic loading spray, harsh environment, or hydraulic loading

in the flood-initiating area and areas in potential in the flood-initiating area and areas in potential
propagation paths. propagation paths.

IFSN-A11 In the calculation of flood height in each flood area for each flood scenario that causes submergence,
ENSURE that the propagation flow rates used do not result in nonconservative flood height for either the
originating flood area (outleakage flow rate) or the receiving flood area (inleakage flow rate) along the
propagation path.

IFSN-A12 ENSURE that an appropriate duration is used in the flood height analysis for each flood scenario that

causes submergence so that the maximum flood height or critical flood height for susceptible equipment
in each flood area along the flood propagation path (including the flood-initiating area) is reached.
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Table 3-2.3-2 Supporting Requirements for HLR-IFSN-A (Cont’d)

Flood scenarios shall be developed and characterized for each flood source in each retained flood area by identifying the
propagation path(s) of the source and the affected SSCs (HLR-IFSN-A).

Index No.

IFSN-A

Capability Category I Capability Category II

IFSN-A13

DEVELOP flood scenarios by examining the equipment and relevant plant features in the flood-initiating

areaand-areasin v\nl-nﬂha] nvr\r\f:\r‘rahnv\ v\qﬂ'\c mmnn credit for fload mmnql—mn ercl-amc or r\v\avql-nv

actions 1dent1f1ed in SR IFSN A3 and 1dent1fy1ng susceptlble S5Cs. INCLUDE in the development of
scenarios, the flood area, flood source, flood rate, flood propagation path, possibility of flood bartier
failure, flood impact on plant SSCs, and human actions considered in flood initiation, mitigation;-and
termination.

IFSN-A14

For multi-unit sites with shared systems or structures, INCLUDE multi-unit flood scenarios.

IFSN-A15

RETAIN flood areas unless it can be concluded, using criteria SCR-3 from Table 1-1.8-1;that flooding ¢f
the flood area does not cause a flood-induced initiating event or a need for immegdiate plant shutdown,
and any of the following applies:
(1) The flood area (including adjacent areas where flood sources can propagate) contains no equipmept
modeled in the PRA or contains no equipment that supports the function-of the modeled equipment.
(b) The flood area has no flood sources sufficient to cause failure (e.g, through spray, immersion, or
other applicable cause) of the equipment identified in SR IFSN-AJ5_(including equipment in adjacent
areas where floods may propagate).

(c) SRIFSN-A16 is met for all flood sources within that flood area.

ENSURE that failure of a barrier resulting in interarea propagation is not used to justify screening
out of flood areas (i.e., do not credit such failures as a means’of beneficially draining the area without
justification).

IFSN-A16

For flood areas retained via SR IFSN-A15, RETAIN flood sources unless it is concluded, using criteria
SCR-3 from Table 1-1.8-1, that flooding of the flood area, based on the limiting flood defined for that
source, does not cause an initiating event nor ateed for immediate plant shutdown due to loss of
function of one or more SSCs caused by theflood, and each of the following applies:

(1) The flood area contains flood mitigatien systems capable of preventing unacceptable flood levels.
(b) The nature of the limiting flood dees not cause failure of the flood mitigation systems or SSCs tha
are needed to prevent core damage 0¥’large early release due to a flood-induced failure mechanism.
(c) There is no propagation to another flood area.

ENSURE that mitigation systenis are not used for screening out flood sources unless there is a basis for
crediting the capability and reliability of the flood mitigation system(s).

IFSN-A17

COLLECT the followifigyinformation from plant-information sources or via plant walkdown(s):

(1) SSCs located within each defined flood area

(b) flood, sprayseor ether applicable mitigative features of the SSCs located within each defined flood
area

(c) flood propagation paths

CONFIRM the accuracy of information collected by conducting walkdown(s).

IFSN-A18

IDENTIFY the sources of model uncertainty, the related assumptions, and reasonable alternatives
asSegiated with the Internal Flood Scenario Development in a manner that supports the applicable
reéquirements of Table 2-2.7-6 (HLR-QU-E).
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Table 3-2.3-3 Supporting Requirements for HLR-IFSN-B

Documentation of the Internal Flood Scenario Development shall provide traceability of the analysis (HLR-IFSN-B).

Index No.
IFSN-B Capability Category I Capability Category II

IFSN-B1 DOCUMENT the process used in the Internal Flood Scenario Development specifying what is used as
input, the applied method, and the results. The documentation includes, as minimum,
ll/l) ﬂUUd PlUPdédLiUll Pdl} IS5 dl lL,‘l dbbULialCd Dl,llJPUl Lil lg LdlLuldLiUl >
(b) accident-mitigating features and barriers credited in the analysis and associated justification
(c) the flooding scenarios included in the analysis and any process used to screen out any of them
(d) basis of any screening performed
(e) justifications and calculations used in the determination of flood-induced failure mechanismis (e.g.,
justification for the nonsusceptibility of SSCs to flood-induced failure mechanisms for modeled flood
scenarios)
(f) any calculations or other analyses used to support or refine the flooding evaluation
(¢) any walkdowns performed

IFSN-B2 DOCUMENT the sources of model uncertainty, the related assumptions, and reasénable alternatives (as
identified via SR IFSN-A18) associated with the Internal Flood Scenario Development.

3-2l4 INTERNAL FLOOD INITIATING EVENT ANALYSIS (IFEV)

3-2{4.1 Objectives

Tlhe objectives of Internal Flood Initiating Event Analysis are to identify,-quantify, and document the applicable
flodd-induced initiating event for each flood scenario that could lead t6core damage in such a way that
(¢) internal flood-induced initiating events that challenge normalplant operation and that require successful mit-
igation to prevent core damage are included

(
ciet
(
(

) internal flood-induced initiating events are grouped according to mitigation requirements to facilitate the effi-
it modeling of plant response

) the frequencies of initiating event groups are quantified

1) the Internal Flood Initiating Event Analysis is dectimented to provide traceability of the analysis

Table 3-2.4-1 High Level Requireménts for Internal Flood Initiating Event Analysis (IFEV)

Pesignator Requirement
HLR-IFEV-A The Internal Flood\Initiating Event Analysis shall identify flood-induced initiating events to be
evaluated in the Internal Flood PRA Plant Response Analysis.
HLR-IFEV-B The Internal Flood Initiating Event Analysis shall quantify the annual frequencies of scenarios
resulting’in flood-induced initiating events.
HLR-IFEV-C Documentation of the Internal Flood Initiating Event Analysis shall provide traceability of the

analysis.
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Table 3-2.4-2 Requirements for HLR-IFEV-A
The Internal Flood Initiating Event Analysis shall identify flood-induced initiating events to be evaluated in the Internal
Flood PRA Plant Response Analysis (HLR-IFEV-A).

Index No.
IFEV-A Capability Category I Capability Category II

IFEV-A1l GROUP flood scenarios identified in SR IFSN-A13 ~ GROUP flood scenarios identified in SR IFSN-A13
oty witerT flood scertarios OTty WiterT flood Scertarios
(a) can be considered similar in terms of plant (a) can be considered similar in terms of plant
response, success criteria, timing, and the effect on  response, success criteria, timing, and the{effectfon
the operability and performance of operators and  the operability and performance of operators arjd
relevant mitigating systems, or relevant mitigating systems, or
(b) can be bounded by the worst-case impacts (b) can be bounded by the worst-casé impacts,
within the group. including radionuclide release ppofential, within

the group and the groupingsdoes not impact risk-
significant accident sequentes.

IFEV-A2 For each flood scenario or flood-scenario group For each flood scenario?or flood-scenario group
defined according to SR IFEV-A1, IDENTIFY the defined accordingto-SR IFEV-A1, IDENTIFY th¢
corresponding initiating-event group from the corresponding initiating-event group from the
internal-events PRA. internal-events DRA.

If an appropriate initiating event or initiating-event If an apprepriate initiating event or initiating-eyent
group does not exist, CREATE a new initiating- group doesnot exist, CREATE a new initiating-
event group and meet the Capability Category I event‘group, and meet the Capability Category [I
(CC-I) SRIE-A3, SR IE-A7, SR IE-A8, and SR IE-A9  (CC-1I) SR IE-A3, SR IE-A7, SR IE-A8, and SR IH-A9
in Part 2 for Initiating Event Analysis. in{Part 2 for Initiating Event Analysis.

IFEV-A3 For multi-unit sites with shared systems or structutes, INCLUDE multi-unit impacts on SSCs in the

definition and grouping of flood-induced initiating events.
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Table 3-2.4-3 Requirements for HLR-IFEV-B
The Internal Flood Initiating Event Analysis shall quantify the annual frequencies of scenarios resulting in flood-induced
initiating events (HLR-IFEV-B).

Index No.
IFEV-B Capability Category I Capability Category II

IFEV-B1 If choosing to include in the flood scenario If choosing to include in the flood scenario
defimtiorr mitigating features thattave theabitity defimtiorr mitigating features thattave theabitity
to terminate or contain the flood propagation, to terminate or contain the flood propagation,
QUANTIFY their probabilities of failure and QUANTIFY their probabilities of failure and
SATISFY the CC-I requirements in HLR-SY-A SATISFY the CC-II requirements in HLR-SY-A
and HLR-SY-B for Systems Analysis, as well as and HLR-SY-B for Systems Analysis, as well as
HLR-DA-A, HLR-DA-B, HLR-DA-C, and HLR- HLR-DA-A, HLR-DA-B, HLR-DA-C, and ‘HLR-
DA-D for Data Analysis in Part 2 except where the =~ DA-D for Data Analysis in Part 2 eXeept where the
requirements are not applicable. requirements are not applicable.

IFEV-B2 QUANTIFY the frequency for each flood-induced =~ QUANTIFY the frequency for‘éach flood-induced
initiating event or initiating-event group on a initiating event or initiatingzevent group on a
reactor-year basis, INCLUDE the probability reactor-year basis, INCLUDE the probability of
of failure of any mitigating features (e.g., SR failure of any mitigating features (e.g., SR IFEV-B1)
IFEV-B1) and/or human error probabilities and/or HEPs (e.g» SR IFHR-C1) that have been
(HEPs) (e.g., SR IFHR-C1) that have been used used to definethe flood scenario and the associated
to define the flood scenario and the associated flood-induced,initiating event, and satisfy the CC-
flood-induced initiating event, and satisfy the II requireriients in HLR-IE-C in Part 2 for Initiating
CC-I requirements in HLR-IE-C in Part 2 for Event Analysis except where the requirements are
Initiating Event Analysis except where the not applicable.
requirements are not applicable.

IFEV-B3 In estimating the flood initiating-event COLLECT plant-specific information on plant

frequencies, USE one or a combination of the
following:

(1) generic operating experience

(b) pipe, component, and tank rupture failure
rates from generic data sources

(c) expertjudgment (satisfy the requiréments of
Section 1-4.2, Use of Expert Judgment)

design, operating practices, and conditions that
may impact flood initiating-event frequency (e.g.,
material condition of fluid systems, experience
with water hammer, and maintenance-induced
floods). INCLUDE pipe age-dependent failure
rates where appropriate and when supported by
applicable generic or plant-specific data.

In estimating the flood-induced initiating-event
frequencies, USE the above-collected plant-specific
information and one or a combination of the
following:

(a) generic and plant-specific operating experience
(b) pipe, component, and tank rupture failure
rates from generic data sources and plant-specific
experience

(c) expertjudgment (satisfy the requirements

of Section 1-4.2, Use of Expert Judgment) for
consideration of the plant-specific information
collected
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Table 3-2.4-3 Requirements for HLR-IFEV-B (Cont’d)

The Internal Flood Initiating Event Analysis shall quantify the annual frequencies of scenarios resulting in flood-induced
initiating events (HLR-IFEV-B).

Index No.
IFEV-B Capability Category I Capability Category II

IFEV-B4 ESTIMATE the frequency of human-induced floods ESTIMATE the frequency of human-induced
Anring maintenance +1wm‘gh applinq{-;rm of oneof floods-durine maintenance +hwmgh appli,«nﬁnn
the following options: of available generic and plant-specific data, orjbjy
(a) available generic data using human reliability techniques in evaluating
(b) available plant-specific data plant-specific maintenance activities. EVAEUATE
(c) use of expert judgment (satisfy the the HFEs during maintenance activities that can
requirements of Section 1-4.2, Use of Expert lead to human-induced floods andxmeet the CCHI
Judgment), or requirements for HLR-HR-A, IFLR-HR-B, HLR~
(d) evaluation of human failure events (HFEs) HR-C, and HLR-HR-D in Part 2'€xcept where tHe
during maintenance activities that can lead requirements are not appligable.
to human-induced floods and meet the CC-I
requirements for HLR-HR-A, HLR-HR-B, HLR-
HR-C, and HLR-HR-D in Part 2 except where the
requirements are not applicable.

IFEV-B5 RETAIN flood-induced initiating events or initiating-event group$wunless it can be concluded that the
requirements in SR IE-C6 in Part 2 can be satisfied or any of the following items are satisfied:
(1) SCR-2 from Table 1-1.8-1, as applied to the flood initiating-évent groups, is directly met, or
(b) the flood-induced initiating event affects only componénts in a single system, and it can be shown
that the product of the frequency of the flood-induced initiating event and the probability of SSC failujre
given the flood is two orders of magnitude lower than, the product of the nonflooding frequency for ;Ie‘e
corresponding initiating event in the PRA and the random (non-flood-induced) failure probability of the
same SSCs that are assumed failed by the flood.

IFEV-B6 IDENTIFY the sources of model uncertaintyythe related assumptions, and reasonable alternatives

associated with the Internal Flood Initiatiig*Event Analysis in a manner that supports the applicable
requirements of Table 2-2.7-6 (HLR-QUAE).

Documentation of the Internal Flood Initiating Event Analysis shall provide traceability of the analysis (HLR-IFEV-C)

Table 3-2.4-4 “Supporting Requirements for HLR-IFEV-C

Index No.
IFEV-C

Capability Category I Capability Category II

IFEV-C1

DOCUMENT the'process used in the Internal Flood Initiating Event Analysis specifying what is used
input, the applied method, and the results. The documentation includes, as a minimum,

(1) basisfor.grouping and subsuming flood-induced initiating events

(b) derivation of flood-induced initiating-event frequencies

(c) «omponent unreliabilities/unavailabilities and HEPs used in the analysis (i.e., the data values uni
to_the/internal flood analysis)

(d) any calculations or other analyses used to support or refine the flooding evaluation

(e) process and basis for screening out flood-induced initiating events

(f) meeting the documentation requirements in SR DA-E1 for Data Analysis, SR SY-C1 for Systems
Analysis, and SR IE-D1 for Initiating Event Analysis in Part 2 except where the requirements are not
applicable

as

que

IEEV-C2

DOCUMENT the sources of model uncertainty, the related assumptions, and reasonable alternatives (|

HS

1dentiled via SK IFEV-B6) associated with the Internal Flood Initiating Event Analysis.
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INTERNAL FLOOD PRA PLANT RESPONSE
ANALYSIS (IFPR)

The objectives of the Internal Flood PRA Plant
Response Analysis are to develop the internal flood-in-
duced accident sequences and the associated system,
data, and human reliability analyses in a way such that
(q)_all of the internal flood-induced initiating events

3-2.5

The Internal Flood PRA Plant Response Analysis
requirements are written in anticipation that analysts
will not be performing this technical element in a vac-
uum but will instead start with an internal-events PRA
plant response model that has been assessed against
Part 2 of this Standard. Many of the requirements in
Part 3 call upon parallel requirements found in Part 2

ideftified are included

(b) risk-significant accident sequences for each inter-
nallflood-induced initiating event are included

(¢) risk-significant contributors including operator
actions, mitigation systems, and phenomena that can
altgr internal flood accident sequences are included in
thejaccident sequence model

(4) plant-specific dependencies are represented in
thefaccident sequences

(¢) end states are clearly defined to be core damage
or quccessful mitigation with capability to support the
Level 1 to Level 2 interface

(P the internal flood PRA plant response analysis
moflel provides the basis for the quantification of the
accldent sequences that may result from the internal
flogd scenarios and for the identification of the accident
seqpience cutsets and risk-significant contributors

() document the Internal Flood PRA Plant Response
Anglysis to provide traceability of the analysis

with clarifications as noted herein to produce the Inter-
nal Flood PRA Plant Response Analysis.

The Internal Flood PRA Plant Response Amalysis
includes modeling of the equipment failure modes ‘attrib-
utable to internal flood-induced damage to plant compo-
nents depending on the nature of the floodinig scenario.

It is expected that the Internal &lgod PRA Plant
Response Analysis model will be €¢gnstructed by mod-
ifying the corresponding interral;events PRA models,
and the Internal Flood PRAPlant Response Analysis
requirements are written from this perspective. Elements
of the Internal Flood PRA\Plant Response Analysis that
are carried over directly from the internal-events PRA
are assumed to meet the same Capability Category as
assigned for the-internal-events PRA, unless it requires
modificationf or Teanalysis given the specific context of
an interndl flood event. In such cases, the assessment of
the Capability Category met by the internal flood por-
tion ofthe PRA may be unique.

Table 3-2.5-1 High Level Requirement for{Internal Flood PRA Plant Response Analysis (IFPR)

Pesignator

Requirement

HLR-IFPR-A

IFQU-F.

The internal flood PRA shall\include the Internal Flood PRA Plant Response Analysis capable of
supporting HLR-IFQU=ANHLR-IFQU-B, HLR-IFQU-C, HLR-IFQU-D, HLR-IFQU-E, and HLR-

HLR-IFPR-B

events PRA.

The Internal Floed\PRA Plant Response Analysis shall include flood-induced initiating events,

both flood-induced and random failures of equipment, flood-specific as well as non-flood-related
human failures associated with safe shutdown, accident progression events (e.g., containment failure
modes), and'the supporting probability data (including uncertainty) based on the SRs stated under
this High Level Requirement (HLR) that parallel, as appropriate, Part 2 of this Standard, for internal-

HLR-IFPR-C
the analysis.

Documentation of the Internal Flood PRA Plant Response Analysis shall provide traceability of
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Table 3-2.5-2 Supporting Requirements for HLR-IFPR-A

The internal flood PRA shall include the Internal Flood PRA Plant Response Analysis capable of supporting HLR-IFQU-A,
HLR-TFQU-B, HLR-IFQU-C, HLR-IFQU-D, HLR-IFQU-E, and HLR-TFQU-F (HLR-IFPR-A).

Index No.
IFPR-A Capability Category I Capability Category II
IFPR-A1 CONSTRUCT the internal flood PRA plant response model so that it is Capable of determlmng flood-

lIl(.lL,lLCLl LUIlultlUIldl COIC udllldgt} PfUUdUlllIle \\,L,Lll S) dIlLl LUIlultlUIldl 1drge t!dfly Ieledbt‘ PfUUdUlll[ S
(CLERPs) for the internal flood scenarios and their associated flood-induced impacts on mitigating
equipment and operator actions.

IFPR-A2 CONSTRUCT the internal flood PRA plant response model so that it is capable of determining flood-
induced core damage frequencies (CDFs) and flood-induced LERFs by applying the flood initiating-eyent
frequencies (see HLR-IFEV-A and HLR-IFEV-B) to the quantification.

IFPR-A3 CONSTRUCT the internal flood PRA plant response model so that it is capable of determining the risk
significant contributors to the flood-induced risk consistent with the Internal Fload'Risk Quantificatiop
(see Section 3-2.7).
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(HLR-IFPR-B).

Table 3-2.5-3 Supporting Requirements for HLR-IFPR-B

The Internal Flood PRA Plant Response Analysis shall include flood-induced initiating events, both flood-induced and
random failures of equipment, flood-specific as well as non-flood-related human failures associated with safe shutdown,
accident progression events (e.g., containment failure modes), and the supporting probability data (including uncertainty)
based on the SRs stated under this HLR that parallel, as appropriate, Part 2 of this Standard, for internal-events PRA

Index No.
IFPR-B Capability Category I Capability Category II

IFPR-B1 USE the internal-events PRA initiating events and accident sequences for both CDF and LERF as thé basis
for development of the internal flood PRA plant response model.

IFPR-B2 ENSURE that significant deficiencies identified during the peer review for the internal-events.and other
hazard PRAs that are relevant to the results of the internal flood PRA are resolved and ingorporated into
the development of the internal flood PRA plant response model.

IFPR-B3 For each flood scenario or flood-scenario group, For each flood scenario or floéd-scenario group,
REVIEW the accident sequences for the associated =~ REVIEW the accident sequénces for the associated
initiating-event group to confirm applicability of initiating-event group toeonfirm applicability of
the accident sequence model. the accident sequence niodel.

If appropriate accident sequences do not exist, If appropriate accideht sequences do not exist,
MODIFY existing accident sequences or CREATE ~ MODIFY existing-accident sequences or CREATE
new sequences as necessary to include any unique = new sequences-as necessary to include any unique
accident sequences that could result from the flood  accident sequéences that could result from the flood
scenario and associated flood- induced failure scenario and associated flood- induced failure
mechanisms or phenomena. mechanisms or phenomena.

For the defined accident sequences, meet the CC-I For‘the defined accident sequences, meet the CC-II
requirements in HLR-AS-A and HLR-AS-Bin Part  requirements in HLR-AS-A and HLR-AS-B in

2 for Accident Sequence Analysis except where the <\Part 2 for Accident Sequence Analysis except where
requirements are not applicable. the requirements are not applicable.

IFPR-B4 MODEL accident sequences for any new initiating ~ MODEL accident sequences for any new initiating
events identified per SR IFEV-A2 that represent events identified per SR IFEV-A2 that represent
possible plant responses to the flood-induced possible plant responses to the flood-induced
initiating events and meet the requirenients initiating events and meet the requirements
in HLR-AS-A and HLR-AS-B for the Accident in HLR-AS-A and HLR-AS-B for the Accident
Sequence Analysis except where(the requirements  Sequence Analysis except where the requirements
are not applicable with the following clarifications: ~ are not applicable with the following clarifications:
(a) All the SRs under the CGI requirements (a) All the SRs under the CC-II requirements of
of HLR-AS-A and HLR-AS-B in Part 2 are to be HLR-AS-A and HLR-AS-B in Part 2 are to be
addressed in the conteXt.of internal flood scenarios  addressed in the context of internal flood scenarios
(b) When applying SR AS-A5 in Part 2 to internal (b)) When applying SR AS-A5 in Part 2 to internal
flood PRA, INCLUDE flood response procedures flood PRA, INCLUDE flood response procedures
as well as em€rgency operating procedures and as well as emergency operating procedures and
abnormal procedures abnormal procedures

IFPR-B5 IDENTIEY any cases where new or modified IDENTIFY any cases where new or modified
suceess criteria will be needed to support the success criteria will be needed to support the
internal flood PRA and SATISFY the CC-I internal flood PRA and SATISFY the CC-II
réquirements in HLR-SC-A in Part 2 for Success requirements in HLR-SC-A in Part 2 for Success
Criteria except where the requirements are not Criteria except where the requirements are not
applicable. applicable.
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Table 3-2.5-3 Supporting Requirements for HLR-IFPR-B (Cont’d)
The Internal Flood PRA Plant Response Analysis shall include flood-induced initiating events, both flood-induced and
random failures of equipment, flood-specific as well as non-flood-related human failures associated with safe shutdown,
accident progression events (e.g., containment failure modes), and the supporting probability data (including uncertainty)
based on the SRs stated under this HLR that parallel, as appropriate, Part 2 of this Standard, for internal-events PRA

Index No.
IFPR-B Capability Category I Capability Category II

IFPR-B6 DEFINE any new or modified success criteria DEFINE any new or modified success critetia
identified per SR IFPR-B5, and MODEL the internal identified per SR IFPR-B5, and MODEIL( the'intefnal
flood PRA plant response by using these success flood PRA plant response by using these succes
criteria that meet the CC-I requirements in HLR- criteria that meet the CC-II requiréments in HLI-
SC-B in Part 2 for Success Criteria except where the = SC-B in Part 2 for Success Critefia’except where|the
requirements are not applicable. requirements are not applicable.

IFPR-B7 MODIFY the existing systems models to include MODIFY the existing systems models to includd
flood-induced failure mechanisms identified flood-induced failure mechanisms identified
in accordance with SR IFSN-A6 or, if needed, in accordance with SRTFSN-A6 or, if needed,
PERFORM new systems analysis and meet the PERFORM new; systems analysis and meet the
CC-Irequirements in HLR-SY-A and HLR-SY-B CC-II requiremyénts in HLR-SY-A and HLR-SY-H
in Part 2 for Systems Analysis within the context in Part 2 for Systems Analysis within the contexft
of internal flood scenarios except where the of internal flood scenarios except where the
requirements are not applicable. requirements are not applicable.
INCLUDE in the internal flood PRA plant response INCLUDE in the internal flood PRA plant respgnse
model the effects of: mddel the effects of:
(a) internal flood-induced equipment failures (@) internal flood-induced equipment failures
(b) internal flood-specific operator actions as (b) internal flood-specific operator actions as
identified per the Internal Flood Human Reliability identified per the Internal Flood Human Reliability
Analysis Analysis

IFPR-B8 IDENTIFY any new accident progression:sequences beyond the onset of core damage that would be
applicable to the internal flood PRA that were not addressed for LERF estimation in the internal-even{s
PRA.

IFPR-B9 MODEL any new accident progression sequences MODEL any new accident progression sequencés

beyond the onset of core damage identified per

SR IFPR-B8 to determine theflood-induced LERF,
and SATISFY the requirements in HLR-LE-A,
HLR-LE-B, HLR-LE-C;~and HLR-LE-D for LERF
Analysis except where the requirements are not
applicable with-the following clarifications:

(a) All the $Rsunder HLR-LE-A, HLR-LE-B, HLR-
LE-C, andHER-LE-D in Part 2 are to be addressed
in the eontext of internal flood scenarios

(b) £C-T'SRs in SR LE-C2 in Part 2 are to be met
in aamanner consistent with HLR-IFHR-A, HLR-
JEHR-B, HLR-IFHR-C, and HLR-IFHR-D

tc) CC-ISRsin SR LE-C6 in Part 2 are to be met in
a manner consistent with SR IFPR-B7

(d) CC-ISRsin SR LE-C8 in Part 2 are to be met in
a manner consistent with SR IFPR-B4

beyond the onset of core damage identified per
SR IFPR-B8 to determine the flood-induced LER
and SATISFY the requirements in HLR-LE-A,
HLR-LE-B, HLR-LE-C, and HLR-LE-D for LERK
Analysis except where the requirements are not
applicable with the following clarifications:

(a) All the SRs under HLR-LE-A, HLR-LE-B, H|
LE-C, and HLR-LE-D in Part 2 are to be address
in the context of internal flood scenarios

(b) CC-II SRs in SR LE-C2 in Part 2 are to be mq

in a manner consistent with HLR-IFHR-A, HLR}

IFHR-B, HLR-IFHR-C, and HLR-IFHR-D

(¢) CC-II SRs in SR LE-C6 in Part 2 are to be mq
a manner consistent with SR IFPR-B7

(d) CC-IISRs in SR LE-C8 in Part 2 are to be md
a manner consistent with SR IFPR-B4

|_R-
ed

t

tin

tin
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Table 3-2.5-3 Supporting Requirements for HLR-IFPR-B (Cont’d)

The Internal Flood PRA Plant Response Analysis shall include flood-induced initiating events, both flood-induced and
random failures of equipment, flood-specific as well as non-flood-related human failures associated with safe shutdown,
accident progression events (e.g., containment failure modes), and the supporting probability data (including uncertainty)
based on the SRs stated under this HLR that parallel, as appropriate, Part 2 of this Standard, for internal-events PRA

(HLR-IFPR-B).

Index No.

]

FPR-B

Capability Category I Capability Category II

IFP

R-B10

REVIEW component mission times used in the REVIEW component mission times used in the
internal flood PRA plant response model for internal flood PRA plant response model fof

the flood scenarios retained to ensure that the the flood scenarios retained to ensure thatthe
impacts of the flood do not invalidate the assumed  impacts of the flood do not invalidate the assumed
component mission time due to sustained impacts ~ component mission time due to sustaihed impacts
on the plant response. SATISFY the CC-ISRs in SR on the plant response. SATISFY the’CC-II SRs in SR
SC-A5 in Part 2 for Success Criteria, except where SC-A5 in Part 2 for Success Criteria, except where
the SRs are not applicable. the SRs are not applicable.

IFP

R-B11

IDENTIFY the sources of model uncertainty, the related assumptions, and reasenable alternatives
associated with the Internal Flood PRA Plant Response Analysis in a manner'that supports the applicable
SRs of Table 2-2.7-6 (HLR-QU-E).

Dog

Table 3-2.5-4 Supporting Requirements for HLR-IFPR-C

umentation of the Internal Flood PRA Plant Response Analysis shall proyide traceability of the analysis (HLR-IFPR-C).

In
|

dex No.
FPR-C

Capability Category I Capability Category II

IFP

R-C1

DOCUMENT the process used in the development'of the Internal Flood PRA Plant Response Analysis
specifying what is used as input, the applied methods, and the results. The documentation includes, as a
minimum,

(a) description of the internal flood-inducéd initiating events and how the internal-events PRA model
was modified to model the internal floddéinduced initiating events

(b) description of the success criteria established for each internal flood-induced initiating event
including the bases for the criteria

(c) description of the internal floed-induced accident sequence model developed for each internal flood-
induced initiating event

(d) description of the revised and the new system analyses used to support the quantification of the
internal flood-inducediaccident sequence model

(e) meeting the docuimentation requirements in HLR-IE-D for the Initiating Event Analysis, HLR-AS-C
for the Accident Sequence Analysis, HLR-SC-C for Success Criteria, HLR-SY-C for Systems Analysis, and
HLR-DA-E for Data Analysis in Part 2

IFP

R-C2

DOCUMENT the sources of model uncertainty, related assumptions, and reasonable alternatives (as
identified yia SR IFPR-B11) associated with the Internal Flood PRA Plant Response Analysis.
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3-2.6 [INTERNAL FLOOD HUMAN RELIABILITY ANALYSIS (IFHR)
3-2.6.1 Objectives

The objectives of the Internal Flood Human Reliability Analysis are to identify the HFEs, quantify the HEPs for
those HFEs to which they apply, and document the human reliability analysis (HRA) in such a way that
(a) existing HFEs (e.g., from the internal-events PRA) are modified to include internal flood-specific perfor-

mance-shaping factors
‘/b\ flood-axrea—specific-and-flood-scenario-s ifichiaa oo caxainaliadad

3 Baaifl Sction
Hood-areaspecificand-flood-seenario-specific human-actions-are-included
(c) internal flood procedures and direct operator actions taken to maintain acceptable plant configurations‘angl to
achieve safe shutdown are included
(d) HEPs are quantified
(e) the Internal Flood Human Reliability Analysis is documented to provide traceability of the analysis

Table 3-2.6-1 High Level Requirements for Internal Flood Human Reliability‘Analysis (IFHR)

Designator Requirement
HLR-IFHR-A The internal flood PRA shall identify human actions relevant to the accident sequences in the
Internal Flood PRA Plant Response Analysis.
HLR-IFHR-B The internal flood PRA shall include HFEs in the Internal FIood PRA Plant Response Analysis.
HLR-IFHR-C The internal flood PRA shall quantify HEPs accountingfor the plant-specific and scenario-specifi

influences on human performance, particularly including the effects of internal floods, and
addressing potential dependencies.

HLR-IFHR-D The internal flood PRA shall include recovery actions only if it has been demonstrated that the
actions are plausible and feasible for those flood scenarios to which they apply.
HLR-IFHR-E Documentation of the Internal Flood Hgman Reliability Analysis shall provide traceability of the
analysis.
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Table 3-2.6-2 Supporting Requirements for HLR-IFHR-A
The internal flood PRA shall identify human actions relevant to the accident sequences in the Internal Flood PRA Plant
Response Analysis (HLR-IFHR-A).

Index No.
IFHR-A Capability Category I Capability Category II

IFHR-A1 REVIEW all post-initiator HFEs in the internal- REVIEW all post-initiator HFEs in the internal-
events PRAmode todetermine whether eact events PRAmode todetermine whether eact
operator action remains relevant in the context of operator action remains relevant in the context of
the internal flood PRA consistent with the plant the internal flood PRA consistent with the plafit
response model for the internal flood events and response model for the internal flood events and
their associated scenarios per the Internal Flood their associated scenarios per the Internal Flood
PRA Plant Response Analysis requirements in this ~ PRA Plant Response Analysis requirements in this
Part. In determining the applicability of operator Part. In determining the applicability-of operator
actions from the internal-events PRA, SATISFY actions from the internal-events RRA, SATISFY
the CC-I requirements in HLR-HR-E in Part 2 the CC-II requirements in HLRZHR-E in Part 2
for Human Reliability Analysis except where the for Human Reliability Analysis'except where the
requirements are not applicable. requirements are not applicable.

IFHR-A2 For internal flood scenarios, IDENTIFY any new For internal flood scendrios, IDENTIFY any new

internal flood operator actions stated in the plant
procedures in a manner consistent with the plant
response model for the internal flood events and
their associated scenarios per the Internal Flood
PRA Plant Response Analysis requirements in this
Part.

For any new operator actions identified, SATISFY
the CC-I requirements in HLR-HR-E in Part 2

for Human Reliability Analysis except where the
requirements are not applicable.

internal flood opetafot actions stated in the plant
procedures in amanner consistent with the plant
response model-for the internal flood events and
their assodiated scenarios per the Internal Flood
PRA PlantResponse Analysis requirements in this
Part-

Fop'any new operator actions identified, SATISFY
the CC-II requirements in HLR-HR-E in Part 2

for Human Reliability Analysis except where the
requirements are not applicable.

For the internal flood events and their associated
scenarios per the plant response model, IDENTIFY
any undesired operator actions (e.g., terminating
a mitigation action) that could result from failures
of indicators and annunciators caused by internal
flood-induced failure mechanisms.
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Table 3-2.6-3 Supporting Requirements for HLR-IFHR-B
The internal flood PRA shall include HFEs in the Internal Flood PRA Plant Response Analysis (HLR-IFHR-B).

Index No.
IFHR-B Capability Category I Capability Category II

IFHR-B1 INCLUDE and, if necessary, MODIFY HFEs corresponding to the operator actions identified per SR
IFHR-AT in the Internal Flood PRA Plant Response Analysis in a manner consistent with the modeling,
DLlLll Llldl. Ll < IIFED IUPICDUIlL Lllt: illllJClLL UI llullldll [ﬂilulcb dt Ll I< lrL,ll lLliUl L, Dyblt’lll, leil L, Ul LUlIllJUllUl
level as appropriate.

IFHR-B2 INCLUDE new internal flood-related HFEs INCLUDE new internal flood-related HEEs
corresponding to the actions identified per SR corresponding to the actions identified per SR
IFHR-A2 and SATISFY the CC-I requirements IFHR-A2 and SATISFY the CC-II requirements in
in HLR-HR-F in Part 2 for Human Reliability HLR-HR-F in Part 2 for Human-Reliability Anallysis
Analysis except where the requirements are not except where the requirements are not applicable.
applicable.

IFHR-B3 COMPLETE the definition of the HFEs identified COMPLETE the definjtion'of the HFEs identifief

in SR IFHR-B1 and SR IFHR-B2 including the
relevant internal flood-related context presented
by the internal flood events in the PRA at a

high level (e.g., sufficient to provide the context
needed for a screening HRA).

For the definitions of HFEs, SATISFY the CC-I
requirements in HLR-HR-F in Part 2 except
where the requirements are not applicable.

in SR IFHR-B1 and SRJIFHR-B2 including the
relevant internal floed-related context presenteg
by the internaldlood events in the PRA. For
the definitions 'of HFEs, SATISFY the CC-II
requireménts ‘in HLR-HR-F in Part 2 except whd
the requiréments are not applicable.

Table 3-2.6-4 Supporting Reguirements for HLR-IFHR-C

The internal flood PRA shall quantify HEPs accounting for the plant-specific and scenario-specific influences on huj
performance, particularly including the effects of internalMleods, and addressing potential dependencies (HLR-IFHR-

nan

Index No.
IFHR-C Capability Category. L Capability Category II
IFHR-C1 CALCULATE the HEPs for all HFEs by addressing CALCULATE the HEPs for all HFEs by addressjng

relevant internal flood-related effects using
conservative estimates (e.g:,screening values).
For the calculations of HEPs, SATISFY the CC-I
requirements in HLR-HR-G in Part 2 for Human

Reliability Analysis.except where the requirements

are not applicable:

relevant internal flood-related effects using deta
analyses for the HFEs that are risk-significant
contributors. For the calculations of HEPs, SAT]
the CC-II requirements in HLR-HR-G in Part 2
for Human Reliability Analysis except where th
requirements are not applicable.

14
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Table 3-2.6-5 Supporting Requirements for HLR-IFHR-D

The internal flood PRA shall include recovery actions only if it has been demonstrated that the actions are plausible and
feasible for those flood scenarios to which they apply (HLR-IFHR-D).

Index No.
IFHR-D Capability Category I Capability Category II

IFHR-D1 IDENTIFY internal flood-specific operator recovery actions and meet SR HR-H1 in Part 2 for Human
Rettabitity Amratysts:
QUANTIFY the corresponding HEP values including relevant internal flood-related effects and any
effects that may preclude a recovery action or alter the manner in which it is accomplished and meet SR
HR-H2 and SR HR-H3 for Human Reliability Analysis in Part 2 except where the requirements are hot
applicable.

IFHR-D2 IDENTIFY the sources of model uncertainty, the related assumptions, and reasonable alternatives

associated with the Internal Flood Human Reliability Analysis in a manner that supports the applicable
requirements of Table 2-2.7-6 (HLR-QU-E).

Table 3-2.6-6 Supporting Requirements for HLR-IFHR-E

Dodumentation of the Internal Flood Human Reliability Analysis shall provide traceabilitjof the analysis (HLR-IFHR-E).

Irfdex No.
‘FHR-E

Capability Category I Capability Category II

IFI—JR-El

DOCUMENT the process used in the Internal Flood Human Reliability Analysis specifying what is used
as input, the applied methods, and the results. The documefitation includes, as a minimum,

(a) the identification of HFEs, including those carried ower from the internal-events PRA, new internal
flood-specific human actions, recovery actions, and undésired operator actions

(b) those internal flood-related influences that affectsthe methods, processes, or assumptions used

(c) flood area-specific and internal flood scenario-specific performance shaping factors for the HFEs
identified

(d) procedural guidance, training, and plant practice for the operator actions evaluated

(e) quantification of HEPs

(f) meeting the documentation requirenyents in HLR-HR-I for Human Reliability Analysis in Part 2
except where the requirements are not applicable

IFHR-E2

DOCUMENT the sources of madel tncertainty, the related assumptions, and reasonable alternatives (as
identified via SR IFHR-D2) associated with the Internal Flood Human Reliability Analysis.
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3-2.7 INTERNAL FLOOD RISK QUANTIFICATION (IFQU)
3-2.7.1 Objectives

The objectives of Internal Flood Risk Quantification are to quantify the internal flood-induced CDF and LERF and
document the analysis in a way such that
(a) flood-induced equipment failures and failures due to independent causes are included in the accident se-

quence quantification

design, operation, and maintenance
(c) analysis limitations and uncertainties are understood
(d) the Internal Flood Risk Quantification is documented to provide traceability of the analysis

Table 3-2.7-1 High Level Requirements for Internal Flood Risk Quantification-(IFQU)

ing
ant

Designator Requirement

HLR-IFQU-A The internal flood-induced CDF shall be quantified.

HLR-IFQU-B The internal flood-induced CDF quantification shall use approptiate models and codes and a
truncation level sufficiently low to show convergence and shall-address method-specific limitatiops
and features.

HLR-IFQU-C Model quantification shall determine that all identified-dependencies (including operator actions
are addressed appropriately.

HLR-IFQU-D The internal flood-induced LERF shall be quantified.

HLR-IFQU-E The internal flood-induced CDF and LERF guiantification results shall be reviewed for correctnesy,
completeness, and consistency. The risk-significant contributors to CDF and LEREF, such as internal
floods and their corresponding plant-initiating events, internal flood areas, accident sequences, basic
events (equipment unavailabilities and"HFEs), plant damage states, containment challenges, and
failure modes, shall be identified. The results shall be traceable to the inputs and assumptions mafde
in the internal flood PRA.

HLR-IFQU-F Uncertainties in the internal fl[ood PRA results shall be characterized. Sources of model uncertainfy
and related assumptions shall be identified and their potential impact on the results understood.

HLR-IFQU-G Documentation of thellnternal Flood Risk Quantification shall provide traceability of the analysis

and interpretation of ‘the risk profile for the plant.

(
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The internal flood-induced CDF shall be quantified (HLR-IFQU-A).

Table 3-2.7-2 Supporting Requirements for HLR-IFQU-A

Index No.
IFQU-A Capability Category I Capability Category II

IFQU-A1 INCLUDE, in the quantification, accident sequences comprising failures caused by the flood and those
due to 1ndependent causes, 1nc1ud1ng equlpment failures, unavaﬂablhty due to maintenance, common
Causc muuuca, auu Ul.llCl LICUIUIC CAaustcs l.l dat llld)’ ICL{L{LC I.llU Pldlll LleclUlllLlUD [1) IlllngdlC l.l < 11UUL['
induced initiating event.

IFQU-A2 INCLUDE, in the quantification, both the direct effects of the flood (e.g., loss of cooling from a seryice
water train due to an associated pipe rupture) and spatial effects such as submergence, jet impingemient,
spray, harsh environment, and pipe whip, as applicable.

IFQU-A3 If additional analysis of SSC data is required to If additional analysis of SSC data isrequired to
support quantification of flood-induced accident support quantification of flood-indticed accident
sequences, PERFORM the necessary data analysis, = sequences, PERFORM the necéssary data analysis
and SATISFY the CC-I requirements in HLR-DA-A, and SATISFY the CC-II requireiments in HLR-
HLR-DA-B, HLR-DA-C, and HLR-DA-D for Data ~ DA-A, HLR-DA-B, HLR:DA?C, and HLR-DA-D
Analysis in Part 2 except where the requirements for Data Analysis in Par#2 except where the
are not applicable. requirements are ndapplicable.

IFQU-A4 CALCULATE the internal flood-induced CALCULATE gheinternal flood-induced CDF, on a
CDF, on a reactor-year basis, using the flood- reactor-year basis, using the flood-induced accident
induced accident sequences, and meet the sequencesjand meet the CC-II requirements in
CC-I requirements in HLR-QU-A in Part 2 for HLR-QUA in Part 2 for quantification except
quantification except where the requirements are wherethe requirements are not applicable.
not applicable. INCLUDE the scenario-specific INCLUDE the scenario-specific quantification
quantification factors (e.g., the HEPs obtained per  factors (e.g., the HEPs obtained per the Internal
the Internal Flood Human Reliability Analysis). Flood Human Reliability Analysis).

IFQU-A5 RETAIN internal flood scenarios in the final intefhal flood PRA CDF model unless it can be concluded
that SCR-2 from Table 1-1.8-1 is directly met.

IFQU-A6 COLLECT inputs to the following analyses, which support quantifications of flood-induced accident
sequences, from plant-information soutees or via plant walkdown(s):

(1) engineering analyses

(b) human reliability analyses

(c) spray or other applicable impact assessments

(d) screening decisions

CONFIRM the accuracy of ‘irtformation collected by conducting walkdown(s).

IFQU-A7 IDENTIFY the sources-of model uncertainty, the related assumptions, and reasonable alternatives
associated with the internal flood accident sequences and quantification in a manner that supports the
applicable requirerhents of Table 2-2.7-6 (HLR-QU-E).

Table 3-2.7-3 Supporting Requirements for HLR-IFQU-B
The internal flood-ihdiiced CDF quantification shall use appropriate models and codes and a truncation level sufficiently
low] to show convergence and shall address method-specific limitations and features (HLR-IFQU-B).
Irjdex No.
IFQU-B Capability Category I Capability Category 11

IFQU-BT. For the quantification of internal flood-induced CDF, SATISFY the requirements in HLR-QU-B for

guantification except where the requirements are not applicable
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Table 3-2.7-4 Supporting Requirements for HLR-IFQU-C

Model quantification shall determine that all identified dependencies (including operator actions) are addressed appropri-
ately (HLR-IFQU-C).

Index No.
IFQU-C Capability Category I Capability Category II
IFQU-C1 INCLUDE dependencies during the internal flood PRA model quantification and SATISFY the

reguirementsin HI R_OILLC for guantification excentuwhere the reguirements-are not apvplicable.
1 1 I 1 T

Table 3-2.7-5 Supporting Requirements for HLR-IFQU-D

The internal flood-induced LERF shall be quantified (HLR-IFQU-D).

Index No.
IFQU-D Capability Category I Capability Category II

IFQU-D1 CALCULATE LEREF, on a reactor-year basis, using CALCULATE LEREF, on-a reactor-year basis, usihg
the internal flood PRA model, and SATISFY the the internal flood PRA model, and SATISFY the
CC-Irequirements in HLR-LE-E in Part 2 for CC-II requirements,in HLR-LE-E in Part 2 for LERF
LERF Analysis except where the requirements are  Analysis except where the requirements are not
not applicable, with the following clarifications: applicable, withthe following clarifications:
(a) CC-ISRsin SR LE-E1 in Part 2 are to be (a) CC-IISRs'in SR LE-E1 in Part 2 are to be
met in a manner consistent with the applicable met in a‘tanner consistent with the applicable
requirements of Section 3-2.6 and SR IFQU-A3 requiréments of Section 3-2.6 and SR IFQU-A3
(b) SR LE-E4, including the “Discussion” for (), SR'LE-E4, including the “Discussion” for
that SR in Part 2, is to be met consistent with SR that SR in Part 2, is to be met consistent with SR|
IFQU-A4, SR IFQU-B1, and SR IFQU-C1 IFQU-A4, SR IFQU-B1, and SR IFQU-C1

IFQU-D2 RETAIN internal flood scenarios in the final interhal flood PRA LERF model unless it can be concluded

that the LERF screening criteria in SCR-2 from Table 1-1.8-1 is directly met.

Table 3-2.7-6 Supporting Requirements for HLR-IFQU-E

The internal flood-induced CDF and LERF quantifigation results shall be reviewed for correctness, completeness, and ¢on-
sistency. The risk-significant contributors to CDE and LERF, such as internal floods and their corresponding plant-initiafing
events, internal flood areas, accident sequenges, basic events (equipment unavailabilities and HFEs), plant damage stdtes,
containment challenges, and failure modesy-$hall be identified. The results shall be traceable to the inputs and assumptfons
made in the internal flood PRA (HLR-IFQU-E).

Index No.
IFQU-E Capability Category I Capability Category II
IFQU-E1 IDENTIFY risk-significant contributors, and IDENTIFY risk-significant contributors, and

SATISFY( the' CC-I requirements in HLR-
QU-DJ SR LE-F1, and SR LE-F2 except where
the yequirements are not applicable, with the
following clarifications:

(a) CC-ISRs in SR QU-D6 in Part 2 are to be met,
including identification of which internal flood
scenarios and which flood areas (consistent with
the level of resolution of the internal flood PRA
such as internal flood areas) are risk-significant
contributors.

SATISFY the CC-II requirements in HLR-QU-D,
SR LE-F1, and SR LE-F2 except where the

requirements are not applicable, with the followjing
clarifications:

(a) CC-II SRs in SR QU-D6 in Part 2 are to be miet,
including identification of which internal flood
scenarios and which flood areas (consistent witl
the level of resolution of the internal flood PRA
such as internal flood areas) are risk-significant
contributors.

(b) SR QU-D7 1n Part 2 1s to be met, recognizing
that “component” in Part 2 is generally equivalent
to “equipment” in Part 3.

(c) SR QU-D4 for comparison to similar plants is
not applicable.

(b) SR QU-D7 in Part 2 is to be met, recognizing
that “component” in Part 2 is generally equivalent
to “equipment” in Part 3.

(c) SR QU-D4 for comparison to similar plants is
not applicable.
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Table 3-2.7-7 Supporting Requirements for HLR-IFQU-F

Uncertainties in the internal flood PRA results shall be characterized. Sources of model uncertainty and related assump-
tions shall be identified and their potential impact on the results understood (HLR-IFQU-F).

Index No.
IFQU-F Capability Category I Capability Category II
IFQU-F1 ASSESS the impact of the model uncertainties and related assumptions identified for each technical
clement(SRTFPP=-B5, SRIFSO-AS, SR IFSIN=-ATS, SRIFEV-B6, SRIFPR=-B1t, SRIFHR-DZ2,armd SR
IFQU-A7) by qualitatively or quantitatively estimating the extent to which the results (e.g., internal flood;
induced CDF/LEREF, accident sequences, contributors) would change.
IFQU-F2 PERFORM an uncertainty analysis for the CDF PERFORM an uncertainty analysis for the CDF

and LERF of the internal flood PRA and SATISFY and LERF of the internal flood PRA and SATISFY
the CC-I requirements in HLR-QU-E in Part 2 for the CC-II requirements in HLR-QUE in Part 2 for

Quantification and SR LE-F3 in Part 2 for LERF Quantification and SR LE-F3 in Parf2/for LERF
Analysis except where the requirements are not Analysis except where the requireinents are not
applicable. applicable.

Table 3-2.7-8 Supporting Requirements for HLR-IFQU-G

Dodumentation of the Internal Flood Risk Quantification shall provide traceability of the'analysis and interpretation of the
risi profile for the plant (HLR-IFQU-G).

Ifdex No.
IFQU-G

Capability Category I Capability Category II

IFQU-G1

DOCUMENT the process used in the Internal Flood Risk/Quantification specifying what is used as input,
the applied methods, and the results. The documentatiofi includes, as a minimum,

(a) the internal flood-induced CDF and LERF quantification process, including any screening performed
(b) the results of the internal flood-induced CDF and LERF quantification

(c) importance measures

(d) uncertainty interval from propagation of parametric uncertainties

(e) description of the revised and new data analyses used to support the quantification of the internal
flood-induced accident sequence model

(f) meeting the documentation requirements in SR QU-F1, SR QU-F2, SR LE-G1, SR LE-G2, SR DA-EI,
and SR DA-E2 in Part 2 except whete the requirements are not applicable

IFQU-G2

DOCUMENT the risk-significdnt contributors (e.g., initiating events, accident sequences, cutsets, basic
events, flood areas, flood sources, operator actions) to internal flood-induced CDF and LERF in the
PRA results summary. DESCRIBE risk-significant accident sequences or functional failure groups in
accordance with the definitions provided in Section 1-2.2.

IFQU-G3

DOCUMENT theseurces of model uncertainty, the related assumptions, and reasonable alternatives
(as identified in SR TFQU-A7, SR TFQU-F1, and SR TFQU-F2) associated with the internal flood accident
sequences and.-quantification.

IFQU-G4

DOCUMENT limitations in the Internal Flood Risk Quantification process that would impact
applications.
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NONMANDATORY APPENDIX 3-A
INTERNAL FLOOD AT-POWER PRA: COMMENTARY

3-A.1 INTRODUCTION AND OVERVIEW

This Nonmandatory Appendix (NMA) provides notes
and general explanatory material tied to specific SRs as
stated in Part 3 of this Standard. The material contained
in this Appendix is nonmandatory and, as such, does
not establish new requirements: rather, the material is
intended to clarify the intent of an SR, explain termi-
nologies that might be used in an SR, and/or provide
examples of analysis approaches that would meet the
intent of the SR.

The scope of the flooding events addressed in this
Part includes all flood scenarios originating within the
plant boundary. It does not include floods resulting
from external events (e.g., weather or off-site events
such as upstream dam rupture).

The overall objective of the internal flood PRA is to
ensure that the impact of internal flood as the cause of
either an accident or a system failure is evaluated in
such a way that

(a) the flood sources within the plant that could flood
plant locations or create adverse conditions (e.g.,-Stib-
mersion, spray, elevated temperature, humidity,pres-
sure, pipe whip, jet impingement) and thereby damage
mitigative plant equipment are identified

(b) the flood-induced accident sequences that contrib-
ute to the CDF and LERF are identifiedand quantified'

A set of technical elements and associated require-
ments is provided for the internal flooding hazard
group in this Standard. Becduse there are many differ-
ent sources of floods throughout the plant, with differ-
ent potential impact onSSCs, there is the potential for
a relatively large number of individual flood scenarios
and flood-induced\aecident sequences with unique spa-
tial dependencies: Although it is optional, some degree
of screening out of flood-induced scenarios and acci-
dent seqgtfenices is typically employed in analyzing risk
from internal floods, so that, although the HLRs and
SRs-are written in a discrete manner, the requirements

of
red
ely.

are not necessarily presented in sequential-Ordes
application; in some cases, they must be(gorisidg
jointly, so that screening out is performed appropria
Thus, to determine the degree to which a particfilar
SR is to be met, it is necessary to ensider the degree
to which other, related requirerfenits (some of wlhich
may be under other HLRs) are‘heing addressed. Scrg¢en-
ing out is typically employed at the flood-area, fldod-
source, or flood-scenarip Ieével with the understanding
that screening out of afeas and sources includes |the
relevant flood scefarios associated with the areq or
source.

An internal\fleod PRA need not be performed
uniform leyehof detail. The analyses performed to 4
port the(screened-out flood areas may be performe
a lessxigorous and/or less complete level than analy
perférmed for flood areas, flood sources, and/or fl
seenarios that are retained (i.e., not screened out)
thus require further analysis. An iterative process is
common in internal flood PRAs. Those flood areas
represent the higher-risk contributors may be analy]
repeatedly, each time incorporating additional detai
specific aspects of the analysis (e.g., flood source
propagation modeling, credit for drains or mitigat
refinements to the internal flood PRA plant respd
model, and the HRA). At any stage, the additi
detail may allow for the screening out of a flood are
is intended that this Standard allows for analysis fl
bility in this regard. As such, the level of detail and
olution for lower-risk and/or screened-out flood a
may be lower than for higher-risk flood areas, which
retained, without affecting the capability of the inte
flood PRA to identify flood-induced accident seque
that are risk-significant contributors. For example, a
vice building containing numerous flood sources ma
analyzed as a single flood area and analyzed for scrd
ing purposes. If the building can be screened out (
it contains no equipment modeled in the other porti
of the PRA and there are no propagation paths to o
buildings), then the overall categorization of the i
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1 In this Part of this Standard, “internal flood” is used as a mod-
ifier (e.g., “internal flood-induced”) in several HLRs and SRs as
a shorthand way of indicating that in meeting the requirement,
consideration should be given to applicable flood-induced causes
of SSC failure (e.g., submersion, spray, elevated temperature,
humidity, pressure, pipe whip, jet impingement) and resulting
flood-induced failure mechanisms. Applicability of the various
flood-induced causes of SSC failure and resulting failure mech-
anisms to a particular requirement may need to be determined
based on consideration of related supporting requirements.
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nal flood PRA is unaffected. Similarly, the requirements
for developing specific internal flood scenarios, detailed
HRA, and so on are not needed for screened-out flood
areas and may not be needed for lower-risk flood areas
that are retained as long as the overall validity of the
final results is unaffected.

Walkdowns are typically performed to confirm the
accuracy of the following information obtained from

(
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plant information sources and used in the internal flood
PRA:

(1) the documented spatial information and plant
design features that support the development of flood
areas

(b) the documented locations of flood sources

(c) the appropriateness of the documented flood sce-

Example approaches to performing each of the tech-
nical elements of an internal flood PRA may be found in
EPRI 1019194 [3-A-1].

3-A.2 COMMENTARY TO INTERNAL FLOOD PRA
TECHNICAL ELEMENTS AND REQUIREMENTS

narfos

() the feasibility of operator actions to mitigate the
intgrnal flood

(¢) the appropriateness of spray or other impact as-
sesyment and engineering analyses used in the quantifi-
cation

I accordance with the application process described
in $ection 1-3, the Capability Categories required for
varjous aspects of the internal flood PRA are deter-
minjed by the intended PRA application and may not
be fmiform across all aspects of the internal flood PRA.

The following PRA technical elements are included in
thefinternal flood PRA process:

(#) Internal Flood Plant Partitioning (IFPP)

(b) Internal Flood Source Identification and Charac-
teriation (IFSO)

(¢) Internal Flood Scenario Development (IFSN)

1) Internal Flood Initiating Event Analysis (IFEV)

) Internal Flood PRA Plant Response Analysis (IFPR)
) Internal Flood Human Reliability Analysis (IFHR)
b) Internal Flood Risk Quantification (IFQU)

3-A-2-1-COMMENTARY-FO-HNTERNALFLOODPEANT—
PARTITIONING (IFPP)

The Internal Flood Plant Partitioning technieal ele-
ment defines the physical boundaries of the analysis
(i.e., the locations within the plant where flopd scenarios
are postulated) and divides the various yolumes within
that boundary into physical analysis units’referred to as
“flood areas.”

The plant partitioning analysis ‘should ensure the
following:

(a) The overall analysis boundary is appropriate for
the internal flood PRA scepe.

(b) The criteria used:to partition the plant into phys-
ical analysis units(fleod areas) are defined and appro-
priate.

(c) The physical analysis units (flood areas) are iden-
tified and, described.

(d) The walkdown confirms the accuracy of the in-
formation obtained from plant information sources to
assess’spatial information and plant design features that
support the development of flood areas.

Table 3-A.2.1-1 Commentary to High Level Requirements for Internal Flood Plant Partitioning (IFPP)

Pesignator Commentary

HLR-IFPP-A This HLR requires the definition of the analysis boundary for the internal flood PRA. All plant areas
or locations within'‘the licensee-controlled area should be included in the analysis unless justified to
not impact the'internal flood PRA.

HLR-IFPP-B This HLR requires the definitions of the flood areas used for the internal flood PRA. Flood areas
should.be defined by physical characteristics that separate an area from other areas by barriers that
delay, ‘restrict, or prevent propagation of floods to adjacent areas.

HLR-IFPP-C Noeommentary provided.

Table 3-A.2.1-2 Commentary to Supporting Requirements for HLR-IFPP-A
Irjdex No:
JFPEP-A Commentary
IFPP-A1 This SR requires the definition of the analysis boundary for the internal flood PRA. It involves the

documented according to SR IFPP-C1.

screening out of areas within the licensee-controlled area that would not impact the risk resulting
from the internal flood scenarios. For any areas that are screened out, a justification must be provided
to demonstrate that an internal flood could not adversely affect any equipment to be included in

the internal flood PRA plant response model. Exclusions from the plant analysis boundary must be
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Table 3-A.2.1-3 Commentary to Supporting Requirements for HLR-IFPP-B

Index No.

IFPP-B

Commentary

[FPP-B1

This SR requires the definition of the flood areas within the internal flood analysis boundary that are
used for the internal flood PRA analysis.
The physical characteristics that are used to define flood areas may include walls (watertight or

rbs.

nnnwzh)rﬁghﬂ par’ria]-hpighf walls_doors (wafprfigh’r or n(mwafprﬁghf\ hatches berms. dikes or cu

IFPP-B2

The most current plant information should be used in the definitions of flood areas.

Plant information sources used to support the definitions of flood areas may include plant layoft
drawings, piping and instrumentation diagrams, design basis flood calculation documents, andfire aj
analysis documents.

ea

IFPP-B3

No commentary provided.

[FPP-B4

Walkdowns are performed to confirm the accuracy or correctness of information obtdined from plant
sources and collect additional information that cannot be easily obtained from plant sources.
Walkdown(s) may be performed in conjunction with SR IFSO-A7, SR IFSN-A17, and

SR IFQU-A6.

When determining the scope and details of the walkdown, it is importangthat the intent of the
walkdown be considered. The intent is to identify items that invalidate modeling in the PRA to such 4

extent that the model does not reasonably represent the as-built, as-operated plant. In keeping with thii

intent, it is acceptable that conditions that can be justified as not'ikely to affect the results (i.e., will no
change the risk profile or insights) do not need to be validated \As such, and per Inquiry 20-2435 [3-A-
it is not required that 100% walkdown be performed if adequate justification can be provided that a le
scope will suffice. Various justifications could be considered valid, but they must show that (a) items t
could have a significant impact were walked down afd)(b) those items not walked down could not ha
a significant impact. The following are examples of'possible justifications:

(a) Bounding Risk Impact: If the importance measute of an item is low, such that even if the item were
assumed failed all the time, the PRA results wouild not meaningfully change.

(b) Adequacy of Documentation: There is a sufficient weight of evidence, through drawings, photos/

videos, analyses, or interviews with knowledgeable plant staff, that the conditions are as assumed in the

PRA.

(c) Impact of Possible Discoveries: Givén past experience with the types of deviations typically found
during walkdowns, it is not credible or likely that a deviation would be found that could affect the
conditions assumed in the PRAt0 the extent required to meaningfully change the results.

IFPP-B5

Reasonable alternatives aré associated with the assumptions made in the development of the plant
partitioning analysis. Examples of assumptions where reasonable alternatives could be developed
include assumptions about any areas excluded from within the licensee-controlled area, assumptions
about how physicahbarriers are used to divide flood areas, or assumptions about how adjacent unit a1
are defined for multi-unit sites.

Source of model uncertainty is defined in Section 1-2.2.

eas
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Table 3-A.2.1-4 Commentary to Supporting Requirements for HLR-IFPP-C

Index No.

IFPP-C Commentary

IFPP-C1 An example method to demonstrate that this SR is satisfied is a cross-reference identifying each SR and

where it is addressed in the documentation. This example of a documentation method facilitates PRA
applications, upgrades, and peer reviews.

Key Iimdings from walkdown(s) should be mcluded as part ol the walkdown documentation.

Note that documenting the basis for nonapplicability demonstrates that all applicable requirements in
Part 2 were reviewed and dispositioned accordingly.

See entry for SR IFPP-A1 in this Appendix for discussion of reasons for excluding any areas within the
licensee-controlled area from further analysis.

Examples of a flood area include a room with enclosed walls and door, a portion of an area separated
from other parts of the area with a curb.

IFP

P-C2 Source of model uncertainty is defined in Section 1-2.2.
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3-A];2.2 COMMENTARY TO INTERNAL FLOOD SOURCE IDENTIFICATION AND CHARACTERIZATION (IFSO)
I

the Internal Flood Source Identification and Characterization technical element, the various potential sources of
ds within the plant are identified, along with the mechanisms resulting in flood from these sources, and a char-
rization of the flood sources (e.g., amount of liquid, flow rates) is made!
he Internal Flood Source Identification and Characterization shouldensure the following:
1) The potential flood sources have included equipment located invtlood areas that are connected to fluid sys-
s, internal sources, and external sources that are connected tothe flood areas.
p) The flooding mechanisms have included pressure bounddry failure and human-induced events that result in
ases in the flood area.

) The flood areas screened out do not contain potential flood sources and do not serve as a propagation path to
br flood areas. The screening criteria have been unifdrmly applied, and flood areas that are risk-significant con-
utors are included.
) The flood source and corresponding release-méchanisms have been appropriately characterized.

) A walkdown is required to confirm the acetiracy of the information obtained from plant information sources
ssess the location of flood sources.

Table 3-A.2.2-1 Commentary to High Level Requirements for Internal Flood Source Identification and
Characterization (IFSO)

Designator Commentary
HLR-IFSO-A This'HMILR requires the identification and characterization of the internal flood sources considered in
theinternal flood PRA.
HLR-IFSO-B This HLR requires the documentation of the identification and characterization of the internal flood
sources.
138
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Table 3-A.2.2-2 Commentary to Supporting Requirements for HLR-IFSO-A

Index No.
IFSO-A Commentary

IFSO-A1 Examples of fluid systems include circulating water system, service water system, component cooling
water system, fire protection system, feedwater system, condensate and steam systems, reactor coolant
system, and other high-energy lines.

IFSO-A2 The flooding hazard considered in the scope of the internal flood PRA for the oil sources is only the
wetting hazard. The internal flood PRA only considers the unignited portion of the oil release scénarigs.
The ignited portion of the oil release scenarios is treated in Part 4. Therefore, there is no overlap‘betwden
the internal flood PRA and internal fire PRA for the oil release scenarios. Typically, oil is qualitatively
screened out in the internal flood PRA, and no quantitative analysis is required (i.e., no need for oil
system failure/rupture frequencies). If quantification of the oil system failure/rupture is needed, ther¢
are data sources in other industries (oil and gas) for the oil-containing systems. The unignited, wetting
hazard of the oil release is included in Part 3 (as an internal hazard) and not in Part’6 or Part 9 becausg
those Parts address other types of hazards. Analysis considerations for the wetting hazard from the oi
system are essentially the same as those for the water systems.

IFSO-A3 No commentary provided.

IFSO-A4 This SR involves the screening out of flood areas as flood-initiating areas based on the absence of floodl
sources.

A flood area containing no flood sources would not be a flood4jnitiating area. However, a flood area
without flood sources may still need to be retained in a floodiscenario because it may be a part of a flopd
propagation path, and in some cases the flood area may,contain PRA SSCs susceptible to flood damage.

IFSO-A5 This SR involves the identification of the causes or mechanisms that can lead to the various flood
hazards.

IFSO-A6 No commentary provided.

IFSO-A7 Walkdowns are performed to confirm the adcuracy or correctness of information obtained from plant
sources and collect additional informatiofthat cannot be easily obtained from plant sources.
Walkdown(s) may be performed in cofijjunction with SR IFPP-B4, SR IFSN-A17, and SR IFQU-A6.
When determining the scope and details of the walkdown, it is important that the intent of the
walkdown be considered. The intent is to identify items that invalidate modeling in the PRA to such an
extent that the model does not.reasonably represent the as-built, as-operated plant. In keeping with thfis
intent, it is acceptable that conditions that can be justified as not likely to affect the results (i.e., will nof
change the risk profile oxiinsights) do not need to be validated. As such, and per Inquiry 20-2435 [3-A{2],
it is not required that 100% walkdown be performed if adequate justification can be provided that a lefser
scope will suffice.Various justifications could be considered valid, but they must show that (a) items that
could have a sighificant impact were walked down and (b) those items not walked down could not hajve
a significantimpact. The following are examples of possible justifications:

(a) BoundingRisk Impact: If the importance measure of an item is low, such that even if the item were
assumed\failed all the time, the PRA results would not meaningfully change.

(b) Adeguacy of Documentation: There is a sufficient weight of evidence, through drawings, photos/
videes, analyses, or interviews with knowledgeable plant staff, that the conditions are as assumed in the
PRA.

(c) Impact of Possible Discoveries: Given past experience with the types of deviations typically found
during walkdowns, it is not credible or likely that a deviation would be found that could affect the
conditions assumed in the PRA to the extent required to meaningfully change the results.

IFSO-A8 Reasonable alternatives are associated with the assumptions made in the identification and
characterization of internal flood sources.

Source-of model uncertaintris defined in-Section 1.2 2
J
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Table 3-A.2.2-3 Commentary to Supporting Requirements for HLR-IFSO-B

Index No.
IFSO-B Commentary

IFSO-B1 An example method to demonstrate that this SR is satisfied is a cross-reference identifying each SR and
where it is addressed in the documentation. This example of a documentation method facilitates PRA
applications, upgrades, and peer reviews.
Key Iimdings from walkdown(s) should be mcluded as part ol the walkdown documentation.
Note that documenting the basis for nonapplicability demonstrates that all applicable requirements in
Part 2 were reviewed and dispositioned accordingly.

IFSP-B2 Source of model uncertainty is defined in Section 1-2.2.

3-A.2.3 COMMENTARY TO INTERNAL FLOOD
SCENARIO DEVELOPMENT (IFSN)

In the Internal Flood Scenario Development tech-
nicdl element, a set of flood scenarios is developed,
reldting flood source, propagation path(s), and affected
equipment.

The Internal Flood Scenario Development should
enspire the following:

(#) For a selected set of flood areas and correspond-
inglflood sources, the potential propagation paths have
beeh identified, and plant design features capable of
conftaining or terminating flood propagation are includ-
ed gnd appropriately credited.

(b) For a selected set of potential propagation paths,
the[SSCs along each propagation path represent those
thaf are included in the internal-events PRA model,are
reqpiired to respond to an initiating event or whose fail-
ure[would challenge plant operation, and are suscepti-
ble to flood damage.

(¢) The capacity of drains is estimated {o determine
flogd volume and potential impact ‘on PRA-related
SSds.

(d) The susceptibility of SSCs in a‘selected set of flood
areas is determined, and failure 6f SSCs caused by sub-
mergence and spray is considered in the determination
process. Flood-induced failure mechanisms other than
submergence or spraysate assessed.

(e) For a selected-set of flood scenarios, the associ-
ated flood area and flood source, characteristics of the
release, operatépactions, and SSCs impacted along the
propagationpaths are used to develop and define each
scenari@in‘d consistent manner.

(f) <For a selected set of flood scenarios, the associat-
ed ‘calculations include flood source inventory, release
rétes, propagation pathways, barrier failures, and max-
imum or critical flood heights for susceptible SSCs in
each affected flood area to ensure reasonable character-
ization of the flood consequence.

(g) The flood areas and flood sources screened out
are properly identified, and the bases for screening are
applied appropriately.

(h) A walkdown is required to confirm the accura-
cy of the information obtained from plant information
sources to assess the appropriateness of flood scenarios.

Tdble 3-A.2.3-1 Commentary to High Level Requirements for Internal Flood Scenario Development (IFSN)

Designator Commentary
HLR-IFSN-A This HLR requires that all potentially risk-significant flood scenarios be defined and characterized,
including, for example, identifying the flood source and the corresponding hazard and flooding
effect(s), release rate, propagation paths, flood areas impacted, SSCs impacted, and potential
operator mitigation action.
HLR-TESN-B This HLR requires the documentation of the Internal Flood Scenario Development, and it is
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TITPOTTATTT TO TOTUIITCTTE T ITTITCTITA T TTOUT OSCCTTATTO DT VETOPTIITCTTT TIT O AT TCT tTa T TatTITTateS PeeT

reviews and future updates/upgrades.
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Table 3-A.2.3-2 Commentary to Supporting Requirements for HLR-IFSN-A

Index No.
IFSN-A

Commentary

IFSN-A1

The process of defining flood propagation paths is iterative; therefore, SR IFSN-A1, SR IFSN-A2, and SR
IFSN-A3 would normally be applied in parallel and not necessarily sequentially.
The identification of flood propagation paths is intended only for those flood sources in flood areas

retained from the qualitative screening considered 1 SK IFS5U-A%, SKIFSN-ALS, and SK IFSN-AT6.

IFSN-A2

Flood barriers are physical structures that allow for the accumulation and retention of water.
The process of defining flood propagation paths is iterative; therefore, SR IFSN-A1, SR IFSN-AZ;and $R
IFSN-A3 would normally be applied in parallel and not necessarily sequentially. The identification of
plant design features that support the ability to terminate or contain the flood propagatien is intended
only for those flood sources in flood areas retained from the qualitative screening considered in SR
IFSO-A4, SR IFSN-A15, and SR IFSN-A16.

IFSN-A3

The process of defining flood propagation paths is iterative; therefore, SR IFSN4A4;SR IFSN-A2, and
SR IFSN-A3 would normally be applied in parallel and not necessarily sequéntially. The identification
of automatic actuations or operator responses that have the ability to terminate or contain the flood
propagation is intended only for those flood sources in flood areas retained from the qualitative
screening considered in SR IFSO-A4, SR IFSN-A15, and SR IFSN-A16,

IFSN-A4

An example of SSC impacts from flooding is whether the SSC would'be submerged.

IFSN-A5

[72)

Examples of flooding mitigative features may include spray,shielding and equipment enclosure rating
for flood or spray proofing.

IFSN-A6

CC-I of this SR considers those internal flood PRA studiés that may have limited their scope of analys
including only the flooding effects of submergence@nd/spray.

)

IFSN-A7

This SR specifies the methods that can be used toyjustify the conclusion that an SSC is not susceptible {
damage by flooding effects.

o

IFSN-A8

CC-II of this SR includes the consideratior{of flood propagation through failure of such barriers as
normally closed doors, penetration seals, etc.

IFSN-A9

Examples of flood area design featiirés/parameters include flood area dimensions, floor opening
dimensions, wall opening dimensions, floor and door gap dimensions, drain sizes, free volume not
occupied by SSCs, and SSC critical flood heights.

Action verb “CALCULATE4s meant to determine the value of a parameter, variable, quantity, or
solution by a mathematical-or a more rigorous process, whereas action verb “ESTIMATE” is meant to
compute roughly, often_from imperfect input data or using a simplified process (the meanings of action
verbs are stated inNMA 1-A).

IFSN-A10

The flood heightyanalysis should also account for flood area outflow and consider the timing of barrief
failures that{provide flow into and out of a flood area.

IFSN-A11

In the calculation of flood propagation flow, selected variables (e.g., resistance coefficient in the
drain.}ine) cannot be known accurately. Assuming a conservatively high rate of outflow from a flood
ared\can result in nonconservative flood height calculated in the flood-originating area. Assuming a
conservatively low rate of outflow from a flood area can result in nonconservative flood height calculgted
for the floodwater-receiving area.

The flood height analysis should not credit the beneficial failure of barriers (including the assumed
failure of non-flood-rated doors or failure of doors at a lower flood height than their loading capacitiep
to reduce flood height.

~

IESN-A12

This SR is intended to identify the inadequacy in flood height analysis that limits the duration of the

flood hnighf calculation toa short pnrinr] of time due to _for example crediting the assumed success o

operator isolation action (e.g., within 30 minutes in some design flood calculations), which is before the
maximum flood height is reached or before the critical flood height for flood damage susceptible PRA
equipment is reached. Therefore, the duration should be determined by the amount of time it takes to
reach the maximum or critical flood height, which varies between different flood locations, flood sources,
and so on. For infinite volume water sources, the maximum scenario duration can be established based
on a combination of mitigation features and operator intervention that afford a high reliability of success
for termination of the flooding event.
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Table 3-A.2.3-2 Commentary to Supporting Requirements for HLR-IFSN-A (Cont’d)

Index No.

IFSN-A

Commentary

IFSN-A13

In the development of flood scenarios, the possibility of failures of such flood barriers as normally closed
doors should also be considered.

IFSN-A14

The focus of this SR is the multi-unit flood scenarios.

IFS]

N-A15

Flood areas can be qualitatively screened out by using the criteria specified in this SR. Some flood areas
may not contain any equipment that, if damaged by a flood, can lead to an initiating event or impagt
the mitigation function(s) required in response to a flooding event. However, these flood areas can $till
participate as an area through which the flood water can propagate from one flood area to another. These
flood areas should be retained for this purpose only.

The use and extent of screening out of flood areas is optional. To facilitate an efficient qualitative
screening process, conservative representations of the flood impact may be used for screening purposes
(e.g., bounding assumptions on flood rate, flood volume, barrier effectiveness, mitigation, and SSC
susceptibility to flood-induced failure mechanisms).

This requirement recognizes that, to facilitate an efficient screening process, flood areas may be screened
out prior to the task of enumerating all relevant flood scenarios for each soufceiand area.

IFS]

N-A16

Examples of flood mitigation systems include drains and sump pumps.

Flood sources can be screened out by using the criteria specified in thiS\SR.

The use and extent of screening out of flood sources is optional. Tofacilitate an efficient qualitative
screening process, conservative representations of the flood impact'may be used for screening purposes
(e.g., bounding assumptions on flood rate, flood volume, barrier effectiveness, mitigation, and SSC
susceptibility to flood-induced failure mechanisms).

This requirement recognizes that, to facilitate an efficient;screening process, flood sources may be
screened out prior to the task of enumerating all relevant flood scenarios for each source and area.

IFS]

N-A17

Examples of mitigative features of SSC include drains'and shields.

Walkdowns are performed to verify the accuracyor correctness of information obtained from plant
sources and collect additional information that.cannot be easily obtained from plant sources.
Walkdown(s) may be performed in conjunetion with SR IFPP-B4, SR IFSO-A7, and

SR IFQU-AG6.

When determining the scope and details of the walkdown, it is important that the intent of the
walkdown be considered. The interit is to identify items that invalidate modeling in the PRA to such an
extent that the model does not reasonably represent the as-built, as-operated plant. In keeping with this
intent, it is acceptable that cenditions that can be justified as not likely to affect the results (i.e., will not
change the risk profile or ifisights) do not need to be validated. As such, and per Inquiry 20-2435 [3-A-2],
it is not required that 100% walkdown be performed if adequate justification can be provided that a lesser
scope will suffice. Varigus justifications could be considered valid, but they must show that (a) items that
could have a significant impact were walked down and (b) those items not walked down could not have
a significant impact. The following are examples of possible justifications:

(a) Bounding(Risk Impact: If the importance measure of an item is low, such that even if the item were
assumed failed all the time, the PRA results would not meaningfully change.

(b) Adeguacy of Documentation: There is a sufficient weight of evidence, through drawings, photos/
videds;,analyses, or interviews with knowledgeable plant staff, that the conditions are as assumed in the
PRAC

(6).)Impact of Possible Discoveries: Given past experience with the types of deviations typically found
during walkdowns, it is not credible or likely that a deviation would be found that could affect the
conditions assumed in the PRA to the extent required to meaningfully change the results.

IFS]

N-A18

Reasonable alternatives are associated with the assumptions made in the development of the flood
scenarios.

Source of model uncertainty is defined in Section 1-2.2.
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Table 3-A.2.3-3 Commentary to Supporting Requirements for HLR-IFSN-B

Index No.
IFSN-B

Commentary

IFSN-B1

applications, upgrades, and peer reviews.

An example method to demonstrate that this SR is satisfied is a cross-reference identifying each SR and
where it is addressed in the documentation. This example of a documentation method facilitates PRA

Additional examples of items that may be ncluded in the documentation are

(a) key findings from walkdown(s) that are useful in the Internal Flood Scenario Development

(b) internal flood timelines for those flood mechanisms analyzed in the internal flood PRA

Note that documenting the basis for nonapplicability demonstrates that all applicable requirements iry
Part 2 were reviewed and dispositioned accordingly.

IFSN-B2

Source of model uncertainty is defined in Section 1-2.2.

3-A.2.4 COMMENTARY TO INTERNAL FLOOD
INITIATING EVENT ANALYSIS (IFEV)

In the Internal Flood Initiating Event Analysis tech-
nical element, the expected plant response(s) to the
selected set of flood scenarios is determined, and an
initiating event from the internal-events at-power PRA
that is reasonably representative of each scenario is
selected.

The Internal Flood Initiating Event Analysis should
ensure the following:

(1) For a selected set of flood scenarios, the cory
responding plant initiating-event group for internal
events and failures of SSCs caused by a flood have
been identified. New plant initiating-event. \groups

Table 3-A.2.4-1

Commentary to High'Level Requirements for Internal Flood Initiating Event Analysis (IF]

have been developed for-flood scenarios that had
corresponding plantinitiating-event group for inte
events.

(b) The grouping of flood scenarios was perforr
consistentlyfand the bases for the groupings inclu
plant response, success criteria, timing, equipment,
operatot performance.

(€)) For selected scenarios, the flood initiating-ev
frequencies were estimated by combining plant-spe
and generic information. The frequencies for humar
duced floods were also estimated.

(d) The flood scenario groups that were screened
were properly identified, and the bases for screer
were applied appropriately.

no
nal

hed
Hed
hnd

ent
rific

_in_

out
ing

EV)

Designator Commentary

HLR-IFEV-A Flooding gources identified as potential risk hazards are associated with a particular initiating ev¢nt
or initidting-event group in order to accurately model the appropriate accident sequence in the PRA
model,

HLR-IFEV-B Theinitiating-event frequency for a particular flood hazard is quantified using a combination of
options including plant-specific data, generic industry data, expert judgment, and so on.
Model uncertainties and any related assumptions are captured as part of this HLR.

HLR-IFEV-€ It is important to document the identified internal flood-induced initiating events and their

frequencies in a manner that facilitates peer reviews and future updates/upgrades.
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Table 3-A.2.4-2 Commentary to Supporting Requirements for HLR-IFEV-A

Index No.
IFEV-A

Commentary

IFEV-A1l

Grouping of flood scenarios is important when identifying the appropriate initiating-event group(s)
and their corresponding accident sequences. Avoid grouping scenarios with dissimilar plant response
impacts that are associated with different success criteria.

IFE

V-A2

Identification of the corresponding initiating event or initiating-event group for each internal flood
scenario or internal flood scenario group can include either transient or loss of coolant accident initiating*
event groups, as applicable.

IFE

V-A3

No commentary provided.

Table 3-A.2.4-3 Commentary to Supporting Requirements for HLR-IFEV-B

dex No.
FEV-B

Commentary

IFE

V-B1

This SR provides an option for the analyst to include in the definition ef flood-induced initiating event
any automatic or manual actions that can be used for mitigating the effects of a flooding event, provided
that the applicable Part 2 SRs are satisfied.

Note that documenting the basis for nonapplicability requires that all SRs in HLR-SY-A, HLR-SY-B,

and HLR-DA-A, HLR-DA-B, HLR-DA-C, and HLR-DA-D ig Part 2 are reviewed and dispositioned
accordingly.

IFE

V-B2

As part of quantifying the internal flood-induced initiating-event frequency, this SR allows the possibility
for mitigating features or human intervention to be.part of the calculation, if applicable.

Note that documenting the basis for nonapplicability requires that all SRs in HLR-IE-C in Part 2 are
reviewed and dispositioned accordingly.

IFE

V-B3

Generic pipe rupture data from industry sources can be used in deriving internal flood initiating-

event frequencies. Examples of generic pipe rupture rates for use in estimating flood initiating-event
frequencies may be found in the mostrecent EPRI report on “Pipe Rupture Frequencies for Internal
Flooding Probabilistic Risk Assessmients,” [3-A-3], or the future superseding document. This generic data
source is updated frequently.

When accounting for any aging-éffects, ensure that the appropriate service time is considered for any
new or replaced piping systems.

IFE

V-B4

When estimating human-induced flood frequencies, the use of human reliability techniques in
conjunction with maihtenance frequencies is one method that can be used but is not an exclusive
requirement to satisfy CC-II for this SR.

Note that dogumenting the basis for nonapplicability requires that all SRs in HLR-HR-A, HLR-HR-B,
HLR-HR-G;through HLR-HR-D in Part 2 are reviewed and dispositioned accordingly.

IFE

V-B5

If screeqting of internal flood-induced initiating events is desired, then any of the listed screening criteria
in this;SR must be satisfied to invoke this option. Item (b) of this SR is an additional screening criterion
unigue to internal flood hazards and is an exception to the screening criteria listed in Table 1-1.8-1.

IFE

V-B6

Reasonable alternatives are associated with the assumptions made in the Internal Flood Initiating Event
Analysis.
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Table 3-A.2.4-4 Commentary to Supporting Requirements for HLR-IFEV-C

Index No.
IFEV-C Commentary

IFEV-C1 An example method to demonstrate that this SR is satisfied is a cross-reference identifying each SR and
where it is addressed in the documentation. This example of a documentation method facilitates PRA
applications, upgrades, and peer reviews.
Note that documenting the basis for nonapplicability requires that S5k DA-EI, 5K 5Y-C1, and SK IE-D1]in
Part 2 are reviewed and dispositioned accordingly.

IFEV-C2 Source of model uncertainty is defined in Section 1-2.2.

3-A.2.5 COMMENTARY TO INTERNAL FLOOD PLANT
RESPONSE ANALYSIS (IFPR)

In the Internal Flood PRA Plant Response Analysis
technical element, accident sequences that may result
from the internal flood initiating events and the corre-
sponding system models are developed to represent the
plant response to the flood scenarios and form the basis
for Internal Flood Risk Quantification.

The Internal Flood PRA Plant Response Analysis
should ensure the following:

(a) The plant response model is capable of deter-
mining flood-induced CDF and LERF and identifying

the risk-significant contributors \to- the flood-indu
risk.
(b) The equipment (e.g. structures, systems, com
nents, instrumentation, bartiers) is properly modeled
accounts for the apprepriate flood-related failure imp4
(c) The modeled eqaipment and HFEs represent
as-built, as-operated plant, considering the reactor ty
design vintage)and specific design.
(d) The IFEs are properly modeled, including H
non—flood-specific and flood-related actions.
(e)Findings associated with the internal-events a
ysis “have been dispositioned such that they do
adversely impact the internal flood PRA.

ced

po-
hnd
cts.
the

wpe,
oth

hal-
not

Table 3-A.2.5-1 Commentary to High Level.Requirements for Internal Flood Plant Response Analysis (IFPR)

Designator Commentary
HLR-IFPR-A The internal flood PRA’plant response analysis model developed must be able to quantify
CCDP, CLERP, CBE/and LERF. The model should also have sufficient level of detail to allow the
determination, of risk-significant contributors.
HLR-IFPR-B No commentary provided.
HLR-IFPR-C It is impertant to document the development of internal flood PRA plant response model in a
manner that facilitates peer reviews and future updates/upgrades.
Table 3-A.2.5-2 Commentary to Supporting Requirements for HLR-IFPR-A
Index No.
IFPR-A Commentary
IFPR-A1 The internal flood PRA plant response model must be able to calculate CCDP and CLERP.
IFPR-A? The internal flood PRA plant response madel must be able to calcnlate CDFE and TERFE
IFPR-A3 The internal flood PRA plant response model must include sufficient level of detail to facilitate
the determination of risk-significant contributors.
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Table 3-A.2.5-3 Commentary to Supporting Requirements for HLR-IFPR-B

Index No.
IFPR-B

Commentary

IFPR-B1

No commentary provided.

IFPR-B2

The internal-events PRA plant response model is typically used as the starting point for the development
of the internal flood PRA plant respanse madel. All significant deficiencies found in the peer review and

any other exceptions for the internal-events PRA should have been properly resolved, and the disposition
of these issues should not adversely affect the development of the internal flood PRA plant response
model. The definition of significant deficiency needs to be considered in the context of the regulatory:
framework (i.e., outside of this Standard and on a country-by-country basis).

In the United States, the PRA peer review guidance indicates that a Finding-level observation.impacts

the technical adequacy of the PRA and, therefore, is a significant deficiency. Note that “significant” in this
context is not to be strictly intended as risk significant.

IFP

R-B3

This SR addresses the modification of the accident sequences for the same initiatinglevents from the
internal-events PRA to adequately model the plant response following the internal-flood-induced
initiating events. This SR is consistent with SR PRM-B5 in Part 4.

Note that documenting the basis for nonapplicability requires that all SRs in HER-AS-A and HLR-AS-B
in Part 2 are reviewed and dispositioned accordingly.

IFP

R-B4

This SR addresses the accident sequences for new initiating events identified for the internal flood PRA.
This SR is consistent with SR PRM-B6 in Part 4.

Note that documenting the basis for non-applicability requires that'all SRs in HLR-AS-A and HLR-AS-B
in Part 2 are reviewed and dispositioned accordingly.

IFP

R-B5

This SR is consistent with SR PRM-B7 in Part 4.
Note that documenting the basis for nonapplicability réquires that all SRs in HLR-SC-A in Part 2 are
reviewed and dispositioned accordingly.

IFP

R-B6

This SR is consistent with SR PRM-B8 in Part 4.
Note that documenting the basis for nonapplicability requires that all SRs in HLR-SC-B in Part 2 are
reviewed and dispositioned accordingly.

IFP

R-B7

This SR addresses the modification to thesystems models and does not include any new data analysis
that may be needed. The requirementsfor any new data analysis are included SR IFQU-A3. The
equivalent SR in Part 4 is SR PRM*B9; however, SR PRM-B9 also addresses the requirements for any new
data analysis.

Note that documenting the basis for nonapplicability requires that all SRs in HLR-SY-A and HLR-SY-B in
Part 2 are reviewed and dispositioned accordingly.

IFP

R-B8

No commentary provided.

IFP

R-B9

The new accident-progression sequences addressed in this SR should include the effects of internal
flood scenarios on-system operability /functionality, operator actions, accident progression, and possible
containment failures, including flooding damage to plant equipment. This SR is consistent with SR
PRM-B14.in Part 4.

Note that, documenting the basis for nonapplicability requires that all SRs in HLR-LE-A, HLR-LE-B,
HLR;EE-C, and HLR-LE-D in Part 2 are reviewed and dispositioned accordingly.

IFP

R-B10

Note that documenting the basis for nonapplicability requires that all requirements in SR SC-A5 in
Part 2 are reviewed and dispositioned accordingly.

IFP

R-B11

Reasonable alternatives are associated with the assumptions made in the development of the internal
flood PRA plant response analysis model.
Source of model uncertainty is defined in Section 1-2.2.
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Table 3-A.2.5-4 Commentary to Supporting Requirements for HLR-IFPR-C

Index No.
IFPR-C

Commentary

IFPR-C1

This SR should address aspects of the internal flood PRA plant response model that have been modified

or are otherwise unique in comparison to those in the internal-events PRA model. Documentation of
aspects that have not been modified in the internal flood PRA are expected to be already documented

in

The mternal-events NoteboOKs.
An example method to demonstrate that this SR is satisfied is a cross-reference identifying each SR an
where it is addressed in the documentation. This example of a documentation method facilitates PRA
applications, upgrades, and peer reviews.

Additional examples of items that can be included in the documentation for internal flood plant respg
model development are

(a) internal flood timelines and plant response strategies for those flood mechanismé-analyzed in the
internal flood PRA

(b) internal flood event and fault trees

(c) the specific adaptations made in the internal-events PRA model to produce the internal flood PRA
model and the basis for those adaptations or a description of ad hoc models-developed specifically for
the internal flood PRA

Note that documenting the basis for nonapplicability requires that all dpplicable SRs in Part 2 are
reviewed and dispositioned accordingly.

H

nse

IFPR-C2

Source of model uncertainty is defined in Section 1-2.2.

3-A.2.6 COMMENTARY TO INTERNAL FLOOD HUMAN (b) The reliability of operator actions in respons
RELIABILITY ANALYSIS (IFHR) internal flood scenarios were included in the HEP qu

In the Internal Flood Human Reliability Analysis . tification. ) ) _
technical element, the HFEs are identified, and the asso< (c) Performance issues were included in the }
ciated HEPs are quantified, including dependencies’ quantifications to which they apply.

among HFEs. (d) The HRA was performed consistently with the
The Internal Flood Human Reliability Analysis  plicable requirements in Part 2, and all scenario-spe
should ensure the following: impacts on performance shaping factors were includg
(a) For a selected set of flood-induced\écenarios, the A selected review of walkdown(s) was conducte

corresponding HFEs were identified to:détermine their ~ confirm the feasibility of operator action to mitigate

applicability.

internal flood.

P to

{EP

ap-
rific
1 to
the

Table 3-A.2.6-1 Commentary to High Level Requirements for Internal Flood Human Reliability Analysis
(IFHR)
Designator Commentary
HLR-IFHR-A This HLR addresses the identification of applicable HFEs modeled in the internal-events PRA and
new HFEs specific to the internal flood PRA.
HLR-IFHR-B This HLR requires that those HFEs that can affect the response to internal flood initiating events lye
included in the internal flood PRA plant response model.
HER<IFHR-C This HLR requires the quantification of the HEPs for the HFEs identified and included in the intefnal
floodPRA-plantresponse-moder:
HLR-IFHR-D This HLR addresses the recovery actions in the internal flood PRA and the identification of sources
of model uncertainty and related assumptions associated with the Internal Flood Human Reliability
Analysis.
HLR-IFHR-E This HLR addresses the documentation requirements for the Internal Flood Human Reliability

Analysis.
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Table 3-A.2.6-2 Commentary to Supporting Requirements for HLR-IFHR-A

Index No.
IFHR-A

Commentary

IFHR-A1

The following clarifications apply to this supporting SR:
(1) Where SR HR-E1 in Part 2 specifies “in the context of the accident scenarios,” include the effects
resulting from the internal flood events.

(07 VWhere oK HR-EI In Part Z specilies procedures, they are to mclude procedures 10r responding to
conditions that can be caused by internal floods.

Note that documenting the basis for nonapplicability requires that all SRs in HLR-HR-E in Part 2 aré
reviewed and dispositioned accordingly.

IFHR-A2

The requirements in SR IFHR-AT1 address HFEs carried over from the internal-events analysis, SR
IFHR-A2 addresses new HFEs that are unique to the internal flooding analysis. Operator actions
evaluated for the internal flooding analysis need to take into account the unique timing and damage
aspects of each internal flooding hazard (e.g., flooding, jet impingement, steam envirgnment).

The intent of the CC-I requirement in SR IFHR-A2 is that the internal flood PRA does.not include the
identification of any new, undesired operator actions (e.g., terminating a mitigation’action), which
could result from failures of indicators and annunciators caused by internal flood-induced failure
mechanisms. If the analysis includes some identification of these undesired actions, then CC-I expects
that the underlying methods and assumptions be described but withouttainvimplied judgment regarding
adequacy or completeness.

The following clarifications apply to this SR:

(1) Where SR HR-E1 in Part 2 specifies “in the context of the accident scenarios,” include the effects
resulting from the internal flood events.

(b) Where SR HR-E1 in Part 2 specifies procedures, they inelude procedures for responding to conditions
that can be caused by internal floods.

Note that documenting the basis for nonapplicabilitysequires that all SRs in HLR-HR-E in Part 2 are
reviewed and dispositioned accordingly.

Table 3-A.2.6-3 Commentary to Supporting Requirements for HLR-IFHR-B

Irfdex No.
]IFHR-B

Commentary

IFI—JR—Bl

HFEs related to actions previously modeled in an analysis such as the internal-events PRA may have

to be modified because theintérnal flood may change the scenario characteristics such as timing, cues,
or specific actions that would have to be taken (e.g., due to internal-flooded pathways that affect the
operator action transit routes). These changes would therefore require alteration of a previously defined
HFE to fit the applicable internal flood situation in the internal flood PRA.

IFHR-B2

Note that documenting the basis for nonapplicability requires that all SRs in HLR-HR-F in Part 2 are
reviewed and dispositioned accordingly.

IFHR-B3

Considefations should include flood indication availability and expected time available for human
response dctions to be performed for the most challenging flood for the flood sources being addressed.

INote that documenting the basis for nonapplicability requires that all SRs in HLR-HR-F in Part 2 are
reviewed and dispositioned accordingly.
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Table 3-A.2.6-4 Commentary to Supporting Requirements for HLR-IFHR-C

Index No.
IFHR-C

Commentary

IFHR-C1

One acceptable method for meeting this requirement is stated in EPRI Guidelines on internal flooding
PRA [3-A-1], including its definition of detailed analysis versus screening/scoping methods.
Attention should be given to how the internal flood situation alters any previous assessments in non-

terra-food-analrsesrelativeto-the-inthreneinefactorsand-the- HmingeonsiderationsaddressedHaq R
HR-G3, SR HR-G4, SR HR-G5, and SR HR-GS8 in Part 2 for Human Reliability Analysis. The HEPs may be
increased for some hazard actions compared with the probabilities assigned in analogous interpal-events
initiated sequences.

A typical hazard HRA aspect is consideration of the possibility that the hazard can cause damage or
plant conditions that preclude personnel access to safety equipment or controls, thereby inhibiting
human actions that might otherwise be credited. This information is most effectivelyollected during
walkdowns, which must be structured to search for access issues.

For all other HFEs determined not risk significant under CC-II, conservative estiates (e.g., screening
values) or detailed analysis should be used.

Note that documenting the basis for nonapplicability requires that all SRs innJ#.R-HR-G in Part 2 are
reviewed and dispositioned accordingly.

Table 3-A.2.6-5 Commentary to Supporting Requirements for HLR-IFHR-D

Index No.
IFHR-D

Commentary

IFHR-D1

Flood-specific operator recovery actions are those used’to mitigate or recover flooding scenarios such ps
terminate or contain the flood propagation. Theyimay include closing a valve to isolate a leak or shuttjng
down pumps to terminate flow.

The restoration of safety functions can be inhibited by any of several types of causes, including SSC
damage or failure, access problems, confuision, loss of supporting personnel to other post-hazard
recovery functions, and so on. Careful ¢onsideration of these causes must be given before recoveries afe
credited in the initial period after thesoccurrence of the hazard.
Note that documenting the basis for nonapplicability requires that SR HR-H1, SR HR-H2, and SR HR{H3
in Part 2 are reviewed and dispositioned accordingly.

IFHR-D2

Reasonable alternatives are'associated with the assumptions made in the Internal Flood Human
Reliability Analysis.

Table A-3-2:6-6 Commentary to Supporting Requirements for HLR-IFHR-B

Index No.
IFHR-E

Commentary

IFHR-E1

Anexample of one method to satisfy this SR is a cross-reference identifying each SR and where it is
addressed in the documentation. This example of a documentation method facilitates PRA applicatior
upgrades, and peer reviews.

The following are additional examples of items that can be included in the documentation of Internal
Flood Human Reliability Analysis:

(a) insights from talk-throughs, tabletop exercises, or simulations

(b) those internal flood-related influences that affect methods, processes, or assumptions used as well
as the identification and quantification of the HFEs in accordance with HLR-IFHR-A, HLR-IFHR-C, afd

2]
N

HLR-IFHR-D

(c) the recovery human actions included in the plant response model

Note that documenting the basis for nonapplicability requires that all SRs in HLR-HR-I in Part 2 are
reviewed and dispositioned accordingly.

IFHR-E2

Source of model uncertainty is defined in Section 1-2.2.
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3-A.2.7 COMMENTARY TO INTERNAL FLOOD RISK QUANTIFICATION (IFQU)

In the Internal Flood Risk Quantification technical element, the CDF and LERF results for the internal flood plant
response model sequences are quantified.

The internal flood accident sequence and quantification analysis should ensure the following:

(a) For a selected set of flood-induced scenarios, the corresponding sequences for the plant-initiating event are

app

licable.

(b) The flood-induced scenarios screened out at this level were identified, and the screening was performed

apH
(

ropriately.
) The flood accident sequences were quantified in accordance with the applicable SRs in Part 2, and the dom?

bingd effects of flood-induced failures of SSCs were properly analyzed.

(

to g

(f) For selected flood accident sequences, the contribution to CDF and LERF was evaluated correctly.

) A walkdown is required to confirm the accuracy of the information obtained from plant information sources
ssess the appropriateness of HRA, spray or other impact assessment, and engineering analyses On'the quantifi-

cation results.

[able 3-A.2.7-1 Commentary to High Level Requirements for Internal Flood Risk.Quantification (IFQU)

Pesignator Commentary

HLR-IFQU-A This HLR addresses the quantification of internal flood-induced-€DF.

HLR-IFQU-B This HLR addresses the requirements for the CDF quantification tools, process, and limitations.

HLR-IFQU-C This HLR addresses the dependencies involved in the ifiternal flood PRA quantification.

HLR-IFQU-D This HLR addresses the quantification of internal flopd<induced LERFE.

HLR-IFQU-E This HLR requires the identification of risk-significant contributors in the quantification of internal
flood-induced CDF and LERFE.

HLR-IFQU-F This HLR requires the evaluation of impactsof model uncertainties and related assumptions on
the CDF and LERE.

HLR-IFQU-G EhisdHLR addresses the documentation requirements for the quantification of the internal

ood PRA.
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Table 3-A.2.7-2 Commentary to Supporting Requirements for HLR-IFQU-A

Index No.
IFQU-A

Commentary

IFQU-A1

The systems and accident sequence model for an internal flood PRA is commonly based on the internal-
events, at-power PRA systems model, to which a number of items are added such as internal flood-
induced initiating events as well other basic events (e.g., new or adjusted HEPs for the specific internal

TI60d hazard). Internal-events accident sequence models may also be modilied Of some sequences noy
used for a given internal flood-induced initiating event. Screening out certain parts of the internal-events
systems model from explicit incorporation in the internal flood PRA model is common (the scréening fan
take the form of explicitly deleting the logic in the internal flood PRA or by bypassing or directly failing
the logic, as appropriate). New system fault tree logic and/or accident sequence logic may need to be
developed and added into the internal flood PRA model.

IFQU-A2

No commentary provided.

IFQU-A3

This SR includes any new data analysis to support the quantification of internal fleod-induced accident
sequences. SR IFPR-B7 addresses the modification to the systems models and’does not include any nepw
data analysis that may be needed.

Note that documenting the basis for nonapplicability requires that all SR’in HLR-DA-A, HLR-DA-B,
HLR-DA-C, and HLR-DA-D in Part 2 are reviewed and dispositioned,accordingly.

IFQU-A4

This SR requires that the analyst perform the appropriate assessments to confirm the correctness of the
CDF calculation process as applied to the internal flood accident.séquences.

Note that documenting the basis for nonapplicability requires that all SRs in HLR-QU-A in Part 2 are
reviewed and dispositioned accordingly.

IFQU-A5

No commentary provided.

IFQU-A6

Note that walkdown(s) may be performed in conjunction with SR IFPP-B4, SR IFSO-A7, and SR
IFSN-A17.

When determining the scope and details of the walkdown, it is important that the intent of the
walkdown be considered. The intent is to\identify items that invalidate modeling in the PRA to such an
extent that the model does not reasonably tepresent the as-built, as-operated plant. In keeping with thfis
intent, it is acceptable that conditionssthat can be justified as not likely to affect the results (i.e., will no
change the risk profile or insights) 'de not need to be validated. As such, and per Inquiry 20-2435 [3-A{2],
it is not required that 100% walkdown be performed if adequate justification can be provided that a lefser
scope will suffice. Various justifications could be considered valid, but they must show that (a) items that
could have a significant inipact were walked down and (b) those items not walked down could not have
a significant impact. The following are examples of possible justifications:
(a) Bounding Risk Impact: If the importance measure of an item is low, such that even if the item was were
assumed failed all'the time, the PRA results would not meaningfully change.

(b) Adequacy qf Documentation: There is a sufficient weight of evidence, through drawings, photos/
videos, analyses, or interviews with knowledgeable plant staff, that the conditions are as assumed in
the PRA,

(c) Impagtof Possible Discoveries: Given past experience with the types of deviations typically found
during walkdowns, it is not credible or likely that a deviation would be found that could affect the
conditions assumed in the PRA to the extent required to meaningfully change the results.

IFQU-A7

The compilation of the assumptions and associated sources of model uncertainty from the internal
flooding PRA for this SR generates the list of uncertainties that can be considered for the impact on th¢
base internal flood PRA and in a specific application.

Reasonable alternatives are associated with the assumptions made in the Internal Flood Risk
Quantification.

Note that documenting the basis for nonapplicability requires that all SRs in HLR-QU-E in Part 2 are

reviewed and dispositioned accordingly.
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Table 3-A.2.7-3 Commentary to Supporting Requirements for HLR-IFQU-B

Index No.
IFQU-B Commentary
IFQU-B1 Caution should be exercised when satisfying SR QU-B3 in Part 2, as the 5% truncation rule noted in that
SR is only an example and is not intended to be a requirement
Note that documenting the basis for nonapplicability requires that all SRs in HLR-QU-B in Part 2 are
revtewedand-dispesitonedaceordingly
Table 3-A.2.7-4 Commentary to Supporting Requirements for HLR-IFQU-C
Ifdex No.
IFQU-C Commentary
IFQU-C1 Note that documenting the basis for nonapplicability requires that all SRs in HLR-QL-C"in Part 2 are
reviewed and dispositioned accordingly.
Table 3-A.2.7-5 Commentary to Supporting Requirements for,HLR-IFQU-D
Ifdex No.
IFQU-D Commentary
IFQU-D1 This SR requires that the analyst perform the appropriate asseséments to confirm the correctness of the
LERF model as applied to internal flood accident-progressidn’ sequences.
Note that documenting the basis for nonapplicability reqiiires that all requirements in HLR-LE-E in
Part 2 are reviewed and dispositioned accordingly.
[FQU-D2 No commentary provided.
Table 3-A.2.7-6 Commentary to Supporting Requirements for HLR-IFQU-E
Irfdex No.
IFQU-E Commentary
IFQU-E1 There is no requirement for a coinparison of internal flood PRA results for similar plants under this SR,
due to lack of publicly available internal flood PRA results. Additionally, differences in spatial factors,
pipe routing, equipment locdtion, flow paths, geometry, plant layout, and procedures may result in
significant differences in risk that may be difficult to understand without detailed internal flood PRA
results from plants’being compared. Therefore, a direct comparison of the internal flood PRA results with
other plants is ngt applicable.
Note that doeumenting the basis for nonapplicability requires that all SRs in HLR-QU-D, SR LE-F1, and
SR LE-F2 imRart 2 are reviewed and dispositioned accordingly.
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Table 3-A.2.7-7 Commentary to Supporting Requirements for HLR-IFQU-F

Index No.

IFQU-F

Commentary

IFQU-F1

The characterization of the assumptions and associated sources of model uncertainty provides an
estimated change on the base internal flood PRA.
An example method to satisfy this SR is to satisfy SR QU-E1 in Part 2 for the additional assumptions

1dentified I SK IFFT-BS, SK IFSU-AS, SK IFSN-ALS, SKIFEV-B6, SKIFFR-B11, SKIFAK-D.Z, and SK
IFQU-A7.

IFQU-F2

In general, flood-induced accident sequences will comprise a combination of initiating eventsrand bas
events associated with

(a) internal flood-induced initiating events

(b) portions of the accident sequences derived from the internal-events PRA model (j-e.ybasic events
are independent of the flood scenarios but otherwise contribute to the accident sequence)

Thus, the sources of model uncertainty that impact quantification include a combination of uncertaint]

associated with the flood scenarios and flood-induced initiating events plus those that are carried ovef

from the internal-events PRA model. These requirements, namely, SR IFQU~F2/ SR QU-E2, and SR LE;
F3 in Part 2, include all sources of model uncertainty that impact the floed-induced accident sequence
analysis.

Note that documenting the basis for nonapplicability requires that &l'SRs in HLR-QU-E and SR LE-F3i

Part 2 are reviewed and dispositioned accordingly.

hat

Table 3-A.2.7-8 Commentary to Supporting Requirements for HLR-IFQU-G

Index No.

IFQU-G

Comnientary

IFQU-G1

An example method to demonstrate that this,SR is satisfied is a cross-reference identifying each SR an|
where it is addressed in the documentatiofixThis example of a documentation method facilitates PRA
applications, upgrades, and peer reviews.

Satisfy the CC-I or CC-II requirements-in HLR-QU-F for quantification, HLR-LE-G for LERF Analysis
and HLR-DA-E for Data Analysis itiPart 2 except where the requirements are not applicable, with the
following clarifications:

(1) SR QU-F2 and SR QU-E3 itvPart 2 are to be met, including identification of which internal flood
scenarios and which floodcareas (consistent with the level of resolution of the internal flood PRA such
internal flood areas) are tisk-significant contributors.

(b) SR DA-E2 in Part 2'is to be met consistently with SR IFQU-A3.

(c) SR LE-G2 in[Paxt 2 is to be met consistently with SR IFQU-D1 and SR IFQU-D2.

(d) SR QU-F4@nd SR LE-G4 in Part 2 are to be met consistently with SR IFQU-F2.

Note that dgcumenting the basis for nonapplicability requires that SR QU-F1, SR QU-F2, SR LE-G1, S]]
LE-G2, SR DA-E1, and SR DA-E2 in Part 2 are reviewed and dispositioned accordingly.

IFQU-G2

No commentary provided.

IFQU-G3

Satirce of model uncertainty is defined in Section 1-2.2.

IFQU-G4

No commentary provided.
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PART 4
FIRES AT-POWER PRA

Section 4-1
Risk Assessment Technical Requirements for
Internal Fires At-Power

4-1.1 PRASCOPE 4-1.2"COORDINATION WITH OTHER PARTS OF

This Part states technical requirements for a Level THIS STANDARD
1 and large early release frequency (LERF) analysis of This Part is intended to be used together with P4rt 1
internal fires while at-power. Note that the term “inter- - and Part 2 of this Standard. An internal-events at-popver
nal fire” as used in this Standard is defined as any fiz€ ™ PRA developed in accordance with Part 2 is the sfart-
originating within the global analysis boundarylas  ing point for the development of the internal fire fRA
defined per the Internal Fire Plant Boundary Defiiition =~ model. The internal fire PRA may produce or be accpm-
and Partitioning Plant Partitioning technical ‘element  panied by other hazards, such as seismic-induced fire,
(see Section 4-2.1). and so also coordinates with Part 5 and Part 9.

(The text presented in blue font in this Standard comprise hyperlinks to enable efficient access
to referenced sections and elements, requirements, notes, references, etc.)
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Section 4-2
Internal Fire PRA Technical Elements and Requirements

Tlhe requirements of this Part are organized into the
follpwing 10 technical elements:

(#) Internal Fire Plant Boundary Definition and Parti-
tiorfing (PP)

(b) Internal Fire Initiating Events and Equipment Se-
lectjon (ES)

) Internal Fire Cable Selection and Location (CS)

1) Internal Fire Qualitative Screening (QLS)

) Internal Fire Plant Response Model (PRM)

) Internal Fire Scenario Selection and Analysis (FSS)
b) Internal Fire Ignition Frequency (IGN)

) Internal Fire Circuit Failure Analysis (CF)

) Internal Fire Human Reliability Analysis (FHR)

) Internal Fire Risk Quantification (FQ)

—~

INTERNAL FIRE PLANT BOUNDARY
DEFINITION AND PARTITIONING (PP)

4-2{1.1 Objectives

Tlhe objectives of the Internal Fire Plant Boundary
Deffinition and Partitioning technical element are to
define

(§) the global analysis boundary of the internal-fite
PRA, that is, to define the physical extent of theyplant to
be ¢ncompassed by the internal fire analysis

(b) the physical analysis units (PAUs).en-which the
anallysis will be based

4-21

Fire PRA is driven largely by spatial consideratiohs;
thus, the basic internal fire PRA PAUs are defined in
terms of physical regions (or volumes) of the plant.

The Supporting Requirements (SRs) for ‘the Internal
Fire Plant Boundary Definition and Parfitioning techni-
cal element make no distinctions bagsed on Capability
Category. The purpose of the Interhat-Fire Plant Bound-
ary Definition and Partitioning technical element is not
to delineate capability categories distinctions; rather, it
is to ensure that the internal fire PRA clearly defines the
extent of the analysis (i.&:, the global analysis boundary)
and a set of spatial locations that will form the primary
basis for organization of the analysis (i.e., the PAUs).
The primary intent of the Internal Fire Plant Boundary
Definition and Partitioning requirements is to ensure
that the beundaries that define each PAU will substan-
tially contain the damaging fire behaviors. In general
terms, ‘substantially contain damaging fire behaviors”
isinterpreted in the context of fire-plume development,
the development of a hot gas layer, direct radiant heat-
ing by the fire, and the actual spread of fire between
contiguous or noncontiguous combustibles. Smoke-
spread behavior is not a required consideration in the
partitioning analysis (any potential for damage due to
smoke spread beyond a fire compartment is included
in the multicompartment fire scenarios; see HLR-FSS-G
and its corresponding SRs).

Table 4-2.1-1 High Level,Requirements for Internal Fire Plant Boundary Definition and Partitioning (PP)

Designator Requirement
HLR-PP-A The internal fire PRA shall define the global analysis boundary to include all plant locations relevant
to the plantwide fire PRA.
HLR-PP-B The internal fire PRA shall perform a plant partitioning analysis to identify and define the PAUs to
be evaluated in the fire PRA.
HLR-PP-G The documentation of the Internal Fire Plant Boundary Definition and Partitioning shall provide

traceability of the work.
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Table 4-2.1-2 Supporting Requirements for HLR-PP-A

The internal fire PRA shall define the global analysis boundary to include all plant locations relevant to the plantwide fire
PRA (HLR-PP-A).

Index No.
PP-A Capability Category I Capability Category II
PP-A1 INCLUDE within the global analy51s boundary all fire areas, fire Compartments or locations within the

llLEIleC'LUIlIIUllCL{ dIcd WIltffE d nre LUL{IU duVC[bt‘ly dlleCt dIly equlpuleut Or LdUlC IIthIl 0 Ue lIlLlLlLlCd m

the plant response model for internal fire.

Table 4-2.1-3 Supporting Requirements for HLR-PP-B

The internal fire PRA shall perform a plant partitioning analysis to identify and define the PAUs.t@ be evaluated in|
internal fire PRA (HLR-PP-B).

the

Index No.
PP-B Capability Category I Capability Category II

PP-B1 DEFINE a set of fire PRA PAUs that represent the physical characteristics of the plant, the nature of the
fire hazards present in each plant location, and the potential extent.of'fire damage that could reasonably
result from fires involving those fire sources.

PP-B2 If any physical plant feature that lacks a specific fire-endurarice'rating has been credited as a partitionjng
element in defining the boundaries of the PAUs (see SR PP*B1), JUSTIFY the judgment that the nonratpd
partitioning element will substantially contain the damaging effects of fires, given the nature of the firp
sources present in each PAU, separated by the nonrated partitioning element.

PP-B3 DO NOT CREDIT raceway fire barriers, thermakwraps, fire-retardant coatings, radiant energy shieldd, or
any other localized cable or equipment protection feature as partitioning elements in defining PAUs.

PP-B4 ENSURE
(a) that, collectively, the defined PAUs gncompass all locations within the global analysis boundary (sg¢e
SR PP-Al)

(b) that defined PAUs do not overlap

PP-B5 COLLECT information on credited barriers that are not maintained as a part of the fire-protection
program to confirm the conditions and characteristics of credited partitioning elements via a
confirmatory walkdowui.

PP-B6 JUSTIFY the exclusion 6t any locations within the licensee-controlled area from the global analysis
boundary by demanstrating that they do not satisfy the selection criteria as defined per SR PP-Al.

PP-B7 IDENTIFY thesources of model uncertainty and assumptions associated with the plant partitioning

analysis (HDRAPP-A, HLR-PP-B).
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Table 4-2.1-4 Supporting Requirements for HLR-PP-C

The documentation of the Internal Fire Plant Boundary Definition and Partitioning shall provide traceability of the work

(HLR-PP-C).
Index No.
PP-C Capability Category I Capability Category II
PP-C1 DOCUMENT the process 1 used in the Internal Fire Plant Boundary Definition and Partltlonmg spec1fy1ng
[Ilt! lll[)l,ltb 0 [Ile lllteflldl Flfe 1 ldIl[ DUU_Iludfy LJ&!IIIILIIUI[ dllu 1 deLIlUIUIlg [CLIUuLdl Clelllellt IIIC dppueu
methods, and the results. The documentation includes, as a minimum,
(a) the approach used for developing the plant partitioning analysis
(b) identification of plant documentation used in support of the Internal Fire Plant Boundary Definition
and Partitioning technical element
(c) the exclusion of any locations within the licensee-controlled area that are not included in'thé global
analysis boundary
(d) the general nature and key or unique features of the partitioning elements that define’each PAU
defined in plant partitioning
(e) the internal fire PRA PAUs
(f) the walkdown process
(g) the results of the plant partitioning
PP-{C2 DOCUMENT the sources of model uncertainty and assumptions associateéd/with the Internal Fire Plant
Boundary Definition and Partitioning (HLR-PP-A, HLR-PP-B).
4-212 INTERNAL FIRE INITIATING EVENTS AND traditionalthode of equipment failure widely treated in
EQUIPMENT SELECTION (ES) PRAs, ingluding failure to start, failure to run, failures
The objective of Internal Fire Initiating Events and 9f e.lctn‘/e equlpment, a“‘? failures .Of mstrumer.lt and
Eqyipment Selection is to identify the initiating events mdlc'atlon c1rcu1.ts po'tentlally causing los§ of signals.
and the plant equipment that will be included in the _Spwrious operation failures are unique to fire PRA and
plaht response model for internal fire. involve the activation of equipment or the development
Note that the identification of initiating events andgy* Of erroneous indications resulting from fire-induced
fire| PRA equipment serves as the foundation for identf cable/circuit failures. The requirements for treatment of
fyirjg corresponding cables that will need to be setected ~ €ach class of failure are unique.
and located under the Internal Fire Cable Selection and The requirements of the Internal Fire Initiating Events

Lod
wil
intg
T
and

ation technical element (nonelectrical,(equipment
not need cable information but may still be in the
rnal fire PRA).

he requirements in the Internal Fire Initiating Events
Equipment Selection technicalelement cite distinc-

and Equipment Selection technical element comple-
ment the Internal Fire Plant Response Model technical
element in which the plant response model for internal
fire is developed. The requirements are written in antic-
ipation that analysts will not be performing this techni-

tior}s between two broad classes’of fire-induced equip-  cal element in a vacuum but will instead begin with a
ment failures: loss of function failures and spurious  list of initiating events and equipment included in the
opgration failures. Loss/of function failures are the more  internal-events plant response model.
Table 4-2.2-1~ High Level Requirements for Internal Fire Initiating Events and Equipment Selection (ES)
Pesignator Requirement

HLR-ES-A The internal fire PRA shall identify fire-induced initiating events to be evaluated in the plant
response model for internal fire and the equipment whose failure, including spurious operation,
would cause cach initiating event

HLR-ES-B The internal fire PRA shall identify equipment whose failure, including spurious operation, would
compromise mitigating systems that are included in the internal fire PRA.

HLR-ES-C The internal fire PRA shall identify instrumentation whose failure, including spurious operation,
would impact the reliability of operator actions associated with that portion of the plant design to be
included in the internal fire PRA.

HLR-ES-D The documentation of the Internal Fire Initiating Events and Equipment Selection shall provide

traceability of the work.
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Table 4-2.2-2 Supporting Requirements for HLR-ES-A

The internal fire PRA shall identify the fire-induced initiating events to be evaluated in the plant response model for inter-
nal fire and the equipment whose failure, including spurious operation, could cause each initiating event (HLR-ES-A).

Index No.
ES-A Capability Category I Capability Category II

ES-Al For each initiating event included in the internal-events plant response model, and for each initiating
TVeTt that was considered butscreered out fTonT the fmteTa-e verts plant Tesporse modet, either
INCLUDE the initiating event in the plant response model for internal fire
or
JUSTIFY exclusion of the initiating event from the fire PRA plant response model.

ES-A2 IDENTIFY the equipment whose internal fire-induced loss of function failure would cause any of the
initiating events that have been included per SR ES-A1.

ES-A3 IDENTIFY, by using a structured systematic process that meets the criteria set forth.ifi SRs ES-A4, ES-
A5, and ES-A6, any unique initiating events, and the equipment whose fire-indGged failure including
spurious operation would cause them, which are not already included per SRs.ES-A1 and ES-A2.

ES-A4 IDENTIFY equipment based on the consideration of cases where any single internal fire-induced
spurious operation of equipment alone would cause an initiating event.

ES-A5 IDENTIFY equipment based on the consideration IDENTIFY eqtiipment based on the consideratign
of any single fire-induced spurious operations of any single fire-induced spurious operations
that, in combination with other fire-induced that, in cembination with other fire-induced los$ of
loss of function failures, would cause an functien failures, would cause an initiating everjt.
initiating event. IDENTIFY equipment based on the consideratign

ofy combinations of two fire-induced spurious
operations that, alone or in combination with other
fire-induced loss of function failures, would cause
an initiating event and

(a) affect the portion of the plant design to be
credited in response to the initiating event in th¢
internal fire PRA

or

(b) result in a loss of reactor coolant system
integrity

ES-A6 IDENTIFY equipment based on the consideration IDENTIFY equipment based on the consideratign
of up to two fire-induged spurious operations of of up to three fire-induced spurious operations
equipment, alone or.in‘combination with other of equipment, alone or in combination with other
fire-induced loss of\function failures, that cause fire-induced loss of function failures, that causefan
an initiating eyéntand containment bypass. initiating event and containment bypass.

ES-A7 For any identified equipment from SRs ES-A3, ES-A4, ES-A5, and ES-A6, either

INCLUDE the identified equipment in the plant response model for internal fire

or

JUSTIFY exclusion of equipment per the screening criteria SCR-2 or SCR-3 in Table 1-1.8-1.
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Table 4-2.2-3 Supporting Requirements for HLR-ES-B

The internal fire PRA shall identify equipment whose failure, including spurious operation, would compromise mitigating
systems that are included in the internal fire PRA (HLR-ES-B).

Index No.
ES-B Capability Category I Capability Category II

ES‘ }1 IDEI\ITIF‘I Pldlll Ek,lui})llltlll lllal ib bUl}l \% Llll 1T dblc |19) ﬁu::-iuduLtd fdilulﬁ dlld W}IUDE fdilult L.Uuld
compromise mitigating systems modeled in the fire PRA.

ES-B2 For every train of equipment that is included For every train of equipment that is includeghin’the
in the plant response model for internal fire, plant response model for internal fire, IDENTIFY
IDENTIFY equipment using a structured equipment using a structured systematic process
systematic process whose fire-induced failures, whose fire-induced failures, up to and.including
including any single spurious operation, will two spurious operations, will contribute to failure
contribute to failure to meet the Success Criteria to meet the Success Criteria in the’internal fire PRA.
in the internal fire PRA.

ES-B3 For any identified equipment from SRs ES-B1 and ES-B2, either
INCLUDE the identified equipment in the plant response model for internal fire
or
JUSTIFY exclusion of equipment per the screening criteria SCR-3 in Takle\*1.8-1.

Table 4-2.2-4 Supporting Requirements forHLR-ES-C
Thelinternal fire PRA shall identify instrumentation whose failure, including spurious operation, would impact the reliabil-

ity ¢f operator actions associated with that portion of the plant design to be‘included in the internal fire PRA (HLR-ES-C).
Irfdex No.
ES-C Capability Category I Capability Category II
ES-(C1 IDENTIFY instrumentation for which fire-induced IDENTIFY instrumentation for which fire-induced
failure is relevant in assessing the human failtire failure is relevant in assessing the HFEs that are
events (HFEs) that are defined or modifiedto defined or modified to account for the context
account for the context of fire scenariosin’the of fire scenarios in the internal fire PRA, per SRs
internal fire PRA, per SRs FHR-B1 and"FHR-B2. FHR-B1 and FHR-B2, including consideration of
(a) loss of function
(b) loss of signal failures
(c) any fire-induced spurious/erroneous
indications of a single instrument that would
directly lead the operators to take an undesirable
action impacting one or more of the safety
functions modeled in the fire PRA
ES-(2 IDENTIFY thesources of model uncertainty and assumptions associated with the Internal Fire Initiating
Events and ’Eqdipment Selection (HLR-ES-A, HLR-ES-B, and SR ES-C1).
Table 4-2.2-5 Supporting Requirements for HLR-ES-D
The documentation of the Internal Fire Initiating Events and Equipment Selection shall provide traceability of the work
(HLR-ES-D).
Irfdex No
ESD Capability Category I Capability Category II
ES-Di1 DOCUMENT the-process-used-in-thelnte
the inputs to the Internal Fire Initiating Events and Equipment Selection technical element, the applied
methods, and the results. The documentation includes, as a minimum,
(a) identification of the equipment associated with determining initiating events in the plant response
model for internal fire for the postulated fires
(b) the equipment and failures modes including spurious operation or indication to be included in the
plant response model for internal fire.
ES-D2 DOCUMENT the sources of model uncertainty and assumptions associated with the Internal Fire

Initiating Events and Equipment Selection (HLR-ES-A, HLR-ES-B, HLR-ES-C).
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4-2.3 INTERNAL FIRE CABLE SELECTION AND

LOCATION (CS)

The objectives of Internal Fire Cable Selection and
Location is to ensure that

(a) cables needed to support proper operation of
equipment identified per the Internal Fire Initiating

(b) the plant location information for the identified
cables is sufficient to support the internal fire PRA and
its intended applications

The level of spatial resolution for the cable location data
has a direct effect on the precision of the resulting risk
assessment. An important attribute of an internal fire PRA
is the ability to correlate cable spatial location information

EventsandEquipment -Setectiorm techmicat eterment (see
Section 4-2.2) are identified and assessed for relevance
to the plant response model for internal fire

Table 4-2.3-1 High Level Requirement for Internal Fire Cable Selection and Location(CS)

to PAUSs, to specitic locations within a FAU, and /or o $pe-
cific raceways, as applicable, to allow the analysis of|fire
consequences for the fire scenario under consideration.

Designator Requirement

HLR-CS-A The internal fire PRA shall identify and locate the plant cables whose failuré&would adversely
affect equipment or functions included in the fire PRA plant response mddel, as determined by thje
equipment selection process per HLR-ES-A, HLR-ES-B, and HLR-ES-C,

HLR-CS-B The internal fire PRA shall perform a review for additional circuits associated with overcurrent
protection that are required to support equipment included inthe plant response model for internal
fire (i.e., per HLR-CS-A).

HLR-CS-C The documentation of the Internal Fire Cable Selection and Location shall provide traceability of the

work.

Table 4-2.3-2 Supporting Requirements for HLR-CS-A

The internal fire PRA shall identify and locate the plant cables whose failure would adversely affect equipment or functjons
included in the plant response model for internal fire, as\determined by the equipment selection process per HLR-E$-A,

HLR-ES-B, and HLR-ES-C (HLR-CS-A).

Index No.
CS-A Capability Category: I Capability Category II

CS-Al IDENTIFY, by using a structured and systematic IDENTIFY, by using a structured and systematic
process, cables whose fire{induced failure process, cables whose fire-induced failure advergely
adversely affects equipment selected per the affects equipment selected per the Internal Fire
Internal Fire Initiating Events and Equipment Initiating Events and Equipment Selection technjcal
Selection technicallelement and/or functions element and/or functions included in the plant
included in thé plant response model for internal response model for internal fire, with the exceptipn
fire, with thé exception of equipment excluded per  of equipment excluded per SR CS-A2
SR CS-AZ: and

for equipment that is a risk-significant contribufor,
ASSOCIATE cables with equipment failure modes
specific to each cable.

CS-A2 IDENTIFY systems and/or equipment selected per the requirements of the Internal Fire Initiating Even{s
and Equipment Selection technical element for which cable selection and routing has not been performgd,
and
JUSTIFY that the lack of cable selection and routing does not impact the insights associated with risk-
significant contributors.

CS-. A3 Eor-each-RPAUIDENTIEY each-cable including Eor-each-PAUIDENTIEY each-cableincluding
its terminal locations, associated with a function its terminal locations, associated with a function
included in the internal fire PRA that passes (i.e., failure mode or basic event) included in the
through the PAU. internal fire PRA that passes through the PAU

and

for fire scenarios that are risk-significant
contributors, IDENTIFY the electrical raceways
though which each target cable is routed.

CS-A4 If assumed cable routing is used in the internal fire PRA, SPECIFY the scope, extent, and basis.
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Table 4-2.3-3 Supporting Requirements for HLR-CS-B

The internal fire PRA shall perform a review for additional circuits associated with overcurrent protection that are required
to support equipment included in the plant response model for internal fire (i.e., per HLR-CS-A) (HLR-CS-B).
Index No.
CS-B Capability Category I Capability Category II

CS-B1 ASSESS the adequacy of the electrical overcurrent protective device coordination for distribution buses
Trctoded i the ptart Tesportse odet for-imtermat fire:

CS-B2 IDENTIFY any additional circuits/cables whose fire-induced failure would challenge power supply
availability due to inadequate overcurrent protective device coordination.

Table 4-2.3-4 Supporting Requirements for HLR-CS-C
The documentation of the Internal Fire Cable Selection and Location shall provide traceability of the work (HLR-CS-C).

dex No.
CS-C Capability Category I Capability €ategory II

CS+

C1 DOCUMENT the process used in the Internal Fire Cable and Location specifying the inputs to the
Internal Fire Cable Selection and Location technical elements, the applied. nfethods, and the results.

The documentation includes, as a minimum,

(a) the cable selection and location results such that those results dre-tfaceable to plant source documents
(b) the assumed cable routing and the basis for concluding that the'routing is reasonable if the provision
of SR CS-A4 is used

(c) the review of the electrical distribution system overcurrent coordination and protection analysis

4-2

Ti
Fird
tior]
Intd
trib
anal
the
Ti

.4 INTERNAL FIRE QUALITATIVE SCREENING (QLS)

he objective of Internal Fire Qualitative Screening is<0 identify PAUs, consistent with the results of the Internal
Plant Boundary Definition and Partitioning analysis as discussed per HLR-PP-B and its SRs as specified in Sec-
4-2.1, whose potential fire-risk contribution can be shown to be negligible without quantitative analysis. In the
rnal Fire Qualitative Screening technical element, PAUs are examined only in the context of their individual con-

ution to fire risk. The potential risk contribtition of all PAUs is reexamined in the multicompartment fire scenario

lysis regardless of the PAU’s disposition during qualitative screening. See Section 4-2.6 for further discussion of

identification and evaluation of multicompartment fire scenarios.

he Internal Fire Qualitative Scfeening technical element is optional in an internal fire PRA. Under some cir-

cumpstances, an analyst may cheose to bypass the Internal Fire Qualitative Screening technical element and simply

retg
boy
Qu
T
SCré
fire

in all PAUs for quantitative analysis. However, if any one (or more) PAU(s) defined as within the global analysis
ndary is (are) not analyzed quantitatively, then a qualitative screening analysis is implied, and the Internal Fire
litative Screening techinical element requirements would apply.

he SRs for Internal\Fire Qualitative Screening are nominally the same for all capability categories. Qualitative
ening identifi€snon-risk-contributing PAUs as individual contributors and independent of any other aspects of
PRA resolution.
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Table 4-2.4-1 High Level Requirement for Internal Fire Qualitative Screening (QLS)

Designator Requirement
HLR-QLS-A The internal fire PRA shall identify those PAUs that screen out as individual risk contributors
without quantitative analysis.
HLR-QLS-B The documentation of the Internal Fire Qualitative Screening shall provide traceability of the work.

Table 4-2.4-2 Supporting Requirements for HLR-QLS-A

The internal fire PRA shall identify those PAUs that screen out as individual risk contributors without quantitative anallysis

(HLR-QLS-A).
Index No.
QLS-A Capability Category I Capability Category II

QLS-A1 RETAIN for quantitative analysis those PAUs that contain equipment or cables required to ensure as-
designed circuit operation or whose failure could cause spurious operation‘ef-any equipment, system
function, or operator action included in the plant response model for intesnal fire per screening criterip in
SCR-3 from Table 1-1.8-1.

QLS-A2 RETAIN for quantitative analysis those PAUs where a fire mightreguire a manual or automatic plant frip
or a controlled shutdown based on plant Technical Specifications’per screening criteria in SCR-3 from
Table 1-1.8-1.

If a time limit is established for a Technical Specification-reéquired shutdown, SPECIFY the basis for the
applied time window.

QLS-A3 USE the screening criteria as defined by SRs QLS-ADarid QLS-A2 to each PAU defined in the Internal
Fire Plant Boundary Definition and Partitioning technical element.

QLS-A4 If additional qualitative screening criteria are applied, SPECIFY the applied criteria and the basis that
demonstrates the applied criteria provide reasonable assurance that the screened-out PAUs are negligjble
contributors to internal fire risk in a manner consistent, at a minimum, with SRs QLS-A1, QLS-A2, andl
QLS-A3.

QLS-A5 IDENTIFY the sources of model uncertainty and assumptions associated with the Internal Fire
Qualitative Screening (HLR-QIS:A).

The documentation of the Internal-Fire Qualitative Screening shall provide traceability of the work (HLR-QLS-B).

Table 4-2.4-3 Supporting Requirements for HLR-QLS-B

Index No.
QLS-B

Capability Category I Capability Category II

QLS-B1

DOCUMENT the process used in the qualitative screening specifying the inputs to the Internal Fire
Qualitative Screening technical element, the applied methods and the results. The documentation
includes, as a minimum,

(a) the qualitative screening criteria applied

(b) the disposition of each PAU defined by the Internal Fire Plant Boundary Definition and Partitionij
analysis as either “screened out” or “retained for quantitative analysis”

(c) the basis for exclusion of each PAU defined in the Internal Fire Plant Boundary Definition and
Partitioning analysis that has been screened out

'8

QLS. B2
=

DOCUMENT thae sources-of-model-un m-hi“+y and acc"mph',mc associatedwath-the nternal Eire
Qualitative Screening analysis (HLR-QLS-A).
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INTERNAL FIRE PLANT RESPONSE MODEL
(PRM)

The objective of Internal Fire Plant Response Model
is to provide the basis for the identification of accident
scenarios (accident sequences and accident sequence
cutsets) introduced by internal fires.

The Internal Fire Plant Response Model require-

4-2.5

to fire-induced damage to either or both the equipment
and cables depending on the location of the fire.

It is anticipated that substantial changes may be
needed to the internal-events PRA model (i.e., the acci-
dent sequences) to meet the needs of the internal fire
PRA. It is expected that the plant response model for
internal fire will be constructed by modifying the cor-

ments are written in anticipation that analysts will not
be performing this technical element in a vacuum but
wil| instead start with an internal-events PRA plant
response model that has been assessed against Part 2
of this Standard. Many of the requirements in this Part
calll upon or otherwise parallel requirements found in
Parf 2 with clarifications as noted herein to produce the
Int¢rnal Fire Plant Response Model.

Tlhe plant response model for internal fire includes
mofleling of the equipment failure modes attributable

responding internal-events PRA models, and the Inter-
nal Fire Plant Response Model requirements are writterf
from this perspective. Elements of the plant response
model for internal fire that are carried over directly from
the internal-events PRA are assumed to méet-the same
Capability Category as assigned for theGnfernal-events
PRA unless that factor requires modification or reanal-
ysis given the specific context of @/fire event. In such
cases, the assessment of the Capability Category met by
the internal fire PRA may beumique.

Table 4-2.5-1 High Level Requirement for Internal Fire Plant Résponse Model (PRM)

Designator

Requirement

HLR-PRM-A

The internal fire PRA shall include the plant response.mddel for internal fire capable of supporting
HLR-FQ-A, HLR-FQ-B, HLR-FQ-C, HLR-FQ-D, HLR*EQ-E, and HLR-FQ-E.

HLR-PRM-B

events PRA.

The plant response model for internal fire shall include initiating events induced by internal

fires, both fire-induced and random failures ofequipment, fire-specific as well as non-fire-related
human failures associated with safe shutdown, events in the accident progression sequences (e.g.,
containment failure modes), and the supperting probability data (including uncertainty) based on
the SRs stated under this HLR that parallel, as appropriate, Part 2 of this Standard, for internal-

HLR-PRM-C

The documentation of the Internal Fire Plant Response Model shall provide traceability of the work.

Table 4-2.5-2 Supporting Requirements for HLR-PRM-A

Theinternal fire PRA shall include the plant response model for internal fire capable of supporting HLR-FQ-A, HLR-FQ-B,
HLR-FQ-C, HLR-FQ-D, HLR-FQ:E) and HLR-FQ-F (HLR-PRM-A).

Irfdex No.
PRM-A Capability Category I Capability Category II

PRM-A1 CONSTRUCT the plant response model for internal fire so that it is capable of determining conditional
corédamage probabilities and conditional large early release probabilities for the fire scenarios and their
associated damage target sets, defined per the requirements of the Internal Fire Scenario Selection and
‘Analysis technical element (see Section 4-2.6).

PRYI-A2 CONSTRUCT the plant response model for internal fire so that it is capable of determining core damage
frequencies (CDFs) and LERFs once the fire frequencies (see HLR-IGN-A and HLR-IGN-B, Section 4-2.7)
arc also apnlied to the guantification

PRM-A3 CONSTRUCT the plant response model for internal fire model so that it is capable of determining
the risk-significant contributors to the internal fire-induced risk, consistent with the Internal Fire Risk
Quantification technical element (see Section 4-2.10).
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Table 4-2.5-3 Supporting Requirements for HLR-PRM-B

The plant response model for internal fire shall include initiating events induced by internal fires, both fire-induced and ran-
dom failures of equipment, fire-specific as well as non-fire-related human failures associated with safe shutdown, events in
the accident progression sequences (e.g., containment failure modes), and the supporting probability data (including uncer-
tainty) based on the SRs stated under this HLR that parallel, as appropriate, Part 2 for internal-events PRA (HLR-PRM-B).

II;,(EK/[I_\]I;' Capability Category I Capability Category II

PRM-B1 USE the internal-events PRA initiating events and accident sequences for both CDF and LERF as the Hasis
for development of the plant response model for internal fire.

PRM-B2 ENSURE that significant deficiencies identified during the peer review for the internal-events ahd
other-hazard PRAs that are relevant to the internal fire PRA are resolved and incorporated into the
development of the Internal Fire Plant Response Model and that the disposition doesmot adversely affect
the development of the plant response model for internal fire.

PRM-B3 CONSTRUCT the plant response model for internal fire in a manner that includes-cable damage effec{s
on the equipment of interest per the requirements of the Internal Fire Initiatifig,Events and Equipmen
Selection and Internal Fire Cable Selection and Location technical elements-(sée Sections 4-2.2 and 4-23).

PRM-B4 For any new initiating events identified per For any new initiating events identified per
SR ES-A3, SATISFY the Capability Category I SR ES-A3, SATISFY the Capability Category II
(CC-I) requirements in HLR-IE-B in Part 2 for (CC-1II) requirements in HLR-IE-B in Part 2 for
the Initiating Event Analysis except where the the Initiating Event Analysis except where the
requirements are not applicable (e.g., excluding requirements are not applicable (e.g., excluding
initiating events that cannot be induced by a fire). ~  initiating events that cannot be induced by a firg).

PRM-B5 For those fire-induced initiating events included For those fire-induced initiating events included
in the internal-events PRA plant-response model, in the internal-events PRA plant-response modgd],
review the corresponding accident sequence review the corresponding accident sequence
models and IDENTIFY models and IDENTIFY
(1) any existing accident sequences that wilk (a) any existing accident sequences that will
require modification based on unique aspeets of require modification based on unique aspects of the
the plant fire response procedures plant fire response procedures and
(b) any new accident sequences thatahight result ~ (b) any new accident sequences that might resylt
from a fire event that were not included in the from a fire event that were not included in the
internal-events PRA internal-events PRA
and and
SATISFY the CC-I requiréments in HLR-AS-A in SATISFY the CC-II requirements in HLR-AS-A ih
Part 2 and HLR-AS-B inPart 2 for the Accident Part 2 and HLR-AS-B in Part 2 for the Accident
Sequence Analysis.exeept where the requirements ~ Sequence Analysis except where the requiremerjts
are not applicable: are not applicable.

PRM-B6 MODEL acdident sequences for any new initiating ~ MODEL accident sequences for any new initiatihg

events idéntified per SR ES-A3 and any accident
sequericesidentified per SR PRM-B5 that
represent possible plant responses to the fire-
indticed initiating events and SATISFY the CC-I
requirements in HLR-AS-A in Part 2 and HLR-
AS-B in Part 2 for the Accident Sequence Analysis
except where the requirements are not applicable
with the following clarifications:

(a) All the SRs in HLR-AS-A and HLR-AS-B in
Part 2 are to be addressed in the context of fire

Scenarios

events identified per SR ES-A3 and any acciden
sequences identified per SR PRM-B5 that
represent possible plant responses to the fire-
induced initiating events and SATISFY the CC-If[
requirements in HLR-AS-A and HLR-AS-B in
Part 2 for the Accident Sequence Analysis except
where the requirements are not applicable with the
following clarifications:

(a) All the SRs in HLR-AS-A and HLR-AS-B in
Part 2 are to be addressed in the context of fire

Scenarios

(b) When applying SR AS-A5 in Part 2 to fire
PRA, INCLUDE fire response procedures as well
as emergency operating procedures and abnormal
procedures.

(b) When applying SR AS-A5 in Part 2 to fire
PRA, INCLUDE fire response procedures as well
as emergency operating procedures and abnormal
procedures.
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Table 4-2.5-3 Supporting Requirements for HLR-PRM-B (Cont’d)

The plant response model for internal fire shall include initiating events induced by internal fires, both fire-induced and ran-
dom failures of equipment, fire-specific as well as non-fire-related human failures associated with safe shutdown, events in
the accident progression sequences (e.g., containment failure modes), and the supporting probability data (including uncer-
tainty) based on the SRs stated under this HLR that parallel, as appropriate, Part 2 for internal-events PRA (HLR-PRM-B).

h}:}{e&l_\];o' Capability Category I Capability Category II

PRYI-B7 IDENTIFY any cases where new or modified IDENTIFY any cases where new or modified
Success Criteria will be needed to support the fire ~ Success Criteria will be needed to support thé fire
PRA and SATISFY the CC-I requirements in HLR- ~ PRA and SATISFY the CC-II requirements in HLR-
SC-A in Part 2 for Success Criteria except where SC-A in Part 2 for Success Criteria except where the
the requirements are not applicable. requirements are not applicable.

PRM-B8 DEFINE any new or modified Success Criteria DEFINE any new or modified Success Criteria
identified per SR PRM-B7 and SATISFY the CC-I identified per SR PRM-B7 and/SATISFY the CC-II
requirements in HLR-SC-B in Part 2 for Success requirements in HLR-SC-B,in Rart 2 for Success
Criteria except where the requirements are not Criteria except where the réquirements are not
applicable. applicable.

PRM-B9 For any cases where new system models or split For any cases whereshew system models or split
fractions are needed or existing models or split fractions are needed, or existing models or split
fractions need to be modified, INCLUDE in the fractions need't0’be modified, INCLUDE in the
plant response model for internal fire the effects of ~ plant response model for internal fire the effects of:
(a) fire-induced equipment failures (a) fire-indticed equipment failures
(b) fire-specific operator actions as identified (b) fifesspecific operator actions as identified
per the requirements of the Internal Fire Human pet'the requirements of the Internal Fire Human
Reliability Analysis technical element Reliability Analysis technical element
(c) fire-induced spurious operations as identified, «Xr) fire-induced spurious operations as identified
per the requirements of the Internal Fire Initiating "\ per the requirements of the Internal Fire Initiating
Events and Equipment Selection and Internal.Fire’  Events and Equipment Selection and Internal Fire
Cable Selection and Location technical elements Cable Selection and Location technical elements
and and
SATISFY the CC-I requirements in HLR<SY-A and SATISFY the CC-II requirements in HLR-SY-A and
HLR-SY-B in Part 2 for Systems Analysis except HLR-SY-B in Part 2 for Systems Analysis except
where the requirements are not applicable with where the requirements are not applicable with the
the following clarification: following clarification:

All the SRs in HLR-SY-A andhHER-SY-B in All the SRs in HLR-SY-A and HLR-SY-B in

Part 2 are to be addressed inthe context of fire Part 2 are to be addressed in the context of fire
scenarios, including effects on system operability/  scenarios, including effects on system operability /
functionality and ineluding fire damage to functionality and including fire damage to
equipment and asseelated cabling equipment and associated cabling

PRM-B10 MODIFY the plant response model for internal fire so that systems and equipment included in the internal-
events PRA that are potentially vulnerable to fire-induced failure are failed in the most conservative mode,
consistefit with the applicable accident sequences, including fire-induced spurious operation, if
(a) the'cables have not been routed as per SR CS-A2 and
(b)&the cables have not been routed by assumption (i.e., see SR CS-A4)

PRM-B11 IDENTIFY any plant response model for internal fire probability input values that either require
reanalysis given the fire context or that were not included in the internal-events PRA, excluding any
parameters specific to technical elements Internal Fire Scenario Selection and Analysis, Internal Fire
Ignition Frequency, Internal Fire Circuit Failure Analysis, and Internal Fire Human Reliability Analysis.

PRM-B42 Fotareerrdertiiedper SRS H-SATHSEY L orameerridertiedper SRS H-SAHSEY

the CC-I requirements in HLR-DA-A, HLR-DA-B,
HLR-DA-C, and HLR-DA-D in Part 2 for Data
Analysis except where the requirements are not
applicable, with the following clarification: all the
SRs under HLR-DA-A, HLR-DA-B, HLR-DA-C,
and HLR-DA-D in Part 2 are to be addressed

in the context of both random events as well as
fire events causing damage to equipment and
associated cabling.

the CC-II requirements in HLR-DA-A, HLR-DA-B,
HLR-DA-C, and HLR-DA-D in Part 2 for Data
Analysis except where the requirements are not
applicable, with the following clarification: all the
SRs under HLR-DA-A, HLR-DA-B, HLR-DA-C,
and HLR-DA-D in Part 2 are to be addressed in the
context of both random events as well as fire events
causing damage to equipment and associated
cabling.
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Table 4-2.5-3 Supporting Requirements for HLR-PRM-B (Cont’d)
The plant response model for internal fire shall include initiating events induced by internal fires, both fire-induced and ran-
dom failures of equipment, fire-specific as well as non-fire-related human failures associated with safe shutdown, events in
the accident progression sequences (e.g., containment failure modes), and the supporting probability data (including uncer-
tainty) based on the SRs stated under this HLR that parallel, as appropriate, Part 2 for internal-events PRA (HLR-PRM-B).

Ir;)(%{eg/[l-\llso. Capability Category I Capability Category II

PRM-B13 IDENTIFY any new accident progression sequences beyond the onset of core damage that would be
applicable to the internal fire PRA that were not addressed for LERF estimation in the internal-evéntsPHA.

PRM-B14 MODEL any new accident progression sequences MODEL any new accident progression s€quences
beyond the onset of core damage identified beyond the onset of core damage identified per PR
per SR PRM-B13 to determine the internal fire- PRM-B13 to determine the internal fire-induced
induced LERF LERF
and and
SATISFY HLR-LE-A, HLR-LE-B, HLR-LE-C, and SATISFY HLR-LE-A through HLR-LE-D in Part[2
HLR-LE-D in Part 2 for LERF Analysis except for LERF Analysis exeept where the requiremenits
where the requirements are not applicable with are not applicablewith the following clarificatigns:
the following clarifications: (a) All the SRsunder HLR-LE-A, HLR-LE-B, HLR-
(a) All the SRs under HLR-LE-A, HLR-LE-B, LE-C, and HI'R*FE-D in Part 2 are to be addressed
HLR-LE-C, and HLR-LE-D in Part 2 are to be in the contéxtof fire scenarios
addressed in the context of fire scenarios. (b) CC-Ibrequirements in SRs LE-C2 and LE-C¢
(b) CC-Irequirements in SRs LE-C2 and LE-C6 in Part2 are to be met in a manner consistent with
in Part 2 are to be met in a manner consistent HER*FHR-A, HLR-FHR-B, HLR-FHR-C, and HLR-
with HLR-FHR-A, HLR-FHR-B, HLR-FHR-C, EHR-D (Section 4-2.10).
and HLR-FHR-D (Section 4-2.10). (¢€) SR LE-C6 in Part 2 is to be met in a manner
(c) SR LE-C6in Part 2 is to be met in a manner consistent with SR PRM-B9.
consistent with SR PRM-B9. (d) SR LE-C8 in Part 2 is to be met in a manner
(d) SR LE-C8in Part 2 is to be met in a manner consistent with SR PRM-B6.
consistent with SR PRM-B6.

PRM-B15 IDENTIFY the sources of model uncertainty and assumptions associated with the Internal Fire Plant
Response Model analysis (HLR-PRM-A, HLR-PRM-B).

Table 4-2.5-4 Supporting Requirements for HLR-PRM-C
The documentation of the Internal Fire Plant Response Model shall provide traceability of the work (HLR-PRM-C).

Index No.
PRM-C €Capability Category I Capability Category II

PRM-C1 DOCUMENT the process used in the plant response model for internal fire development specifying th
inputs\to'the Internal Fire Plant Response Model technical element, the applied methods, and the results.
The'documentation includes, as a minimum,
(@) the disposition of internal-events PRA peer review exceptions and deficiencies for the internal fire PRA
(b) the basis for the initiating events included in the plant response model for internal fire

(c) the basis for modeling of accident progression sequences that are added per SR PRM-B6 and SR
PRM-B14

(d) any modification performed in the internal-events model logic, including added or modified
initiating events, data, Success Criteria, and accident sequences, to represent fire-induced scenarios in|the
plant response model for internal fire

[¢)

PRM-C2 DOCUMENT the Internal Fire Plant Response Model, and SATISFY the documentation requirements

in HLR-IE-D in Part 2 for the Initiating Event Analysis, HLR-AS-C in Part 2 for the Accident Sequence
Analysis, HLR-SC-C in Part 2 for Success Criteria, HLR-SY-C in Part 2 for Systems Analysis, and HLR-
DA-E in Part 2 for Data Analysis as well as Section 4-2.10, with the following clarifications except where
the requirements are not applicable:

HLR-IE-D in Part 2 is to be met in a manner consistent with HLR-IGN-B of this Standard.

PRM-C3 DOCUMENT the sources of model uncertainty and assumptions associated with the Internal Fire Plant
Response Model (HLR-PRM-A, HLR-PRM-B).
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4-2.6 INTERNAL FIRE SCENARIO SELECTION AND ANALYSIS (FSS)

The objectives of the Internal Fire Scenario Selection and Analysis are to

(a) select a set of fire scenarios for each PAU that has not been screened out and upon which fire-risk estimates will
be based

(b) characterize the selected fire scenarios

(c) determine the likelihood and extent of risk-relevant fire damage for each selected fire scenario including

(2) an evaluation of the thermal response of damage targets to the fire-generated conditions
(3) an evaluation of fire detection and suppression activities
(f) examine multicompartment fire scenarios

Table 4-2.6-1 High Level Requirement for Internal Fire Scenario Selection and Analysis (FSS)

Pesignator Requirement

HLR-FSS-A The internal fire PRA shall select sufficient combinations of an ignition sotitce (or group of ignition
sources) and damage target sets to represent the fire scenarios for each PAU that has not been
screened out and upon which an estimation of the risk contributiony(€IDF and LERF) will be based.

HLR-FSS-B The internal fire PRA shall include an analysis of potential fire sCenarios leading to the transfer of
primary command and control outside the main control room.

HLR-FSS-C The internal fire PRA shall characterize the factors that will influence the timing and extent of fire
damage for each combination of an ignition source and‘damage target sets selected per HLR-FSS-A.

HLR-FSS-D The internal fire PRA shall select and apply appropriate fire analysis tools.

HLR-FSS-E The internal fire PRA shall quantify the conditional probabilities of target damage given fire ignition.

HLR-FSS-F The internal fire PRA shall search for and analyze risk-relevant ignition sources with the potential for
causing fire-induced failure of exposed structural steel.

HLR-FSS-G The internal fire PRA shall identify multicompartment fire scenarios for which the risk contribution
will be estimated.

HLR-FSS-H The documentation of the Internal Fire Scenario Selection and Analysis shall provide traceability of
the work.

Table 4-2.6-2 Supporting Requirements for HLR-FSS-A

Theinternal fire PRA shall select suffictent combinations of an ignition source (or group of ignition sources) and damage
target sets to represent the fire scenarios for each PAU that has not been screened out and upon which an estimation of the
risi contribution (CDF and LERF)will be based (HLR-FSS-A).

Irfdex No.
FSS-A Capability Category I Capability Category II

FSStA1 In €ach PAU that has not been screened out within the global analysis boundary, IDENTIFY the ignition
sources, both fixed and transient, that are capable of creating fire-induced environmental conditions,
ihcluding through fire spread, that can cause the failure of at least one fire PRA equipment item or cable
(i.e., a risk-relevant damage target).

FSStA2 IDENTIFY risk-relevant damage targets in each PAU that has not been screened out within the global
analysis boundary.

FSS-A3 If the exact routing of a cable (or group of cables) has not been established (see SRs CS-A3 and CS-A4),

ASSUME that those cables fail for any fire scenario that has a damaging effect on any raceway or conduit
where the subject cable cannot be excluded.

FSS-A4 For each PAU that has not been screened out within the global analysis boundary, SELECT sufficient
combinations of a fire-ignition source (or group of ignition sources) and target sets as characteristics
of the selected fire scenarios so that the fire-risk contribution can be characterized commensurate with
whether it is a risk-significant contributor.
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Table 4-2.6-3 Supporting Requirements for HLR-FSS-B
The internal fire PRA shall include an analysis of potential fire scenarios leading to the transfer of primary command and
control outside the main control room (HLR-FSS-B).

Index No.
FSS-B Capability Category I Capability Category II
FSS-B1 SPECIFY and ]USTIFY the conditions that are assumed to requlre a transfer of prlmary command and
LUIIIIUI UL,l[bl(,lC IIltf IIldL[l LUIIIIUI TOOIIIL. ll\l\,l_,ULJE UUIII lVl\,l\ IldUl[dUlllIy lbbueb dIlLl IUbb Ol lVl\,l\ COIITL 01
functions.
FSS-B2 SELECT a sufficient number of fire scenarios, either SELECT a sufficient number of fire scenatios, either

in the MCR or elsewhere, leading to a transfer of
primary command and control outside the main
control room so that the fire-risk contribution of

MCR abandonment can be bounded.

in the MCR or elsewhere, leading to a transfer o
primary command and control outside'the mair
control room so that the fire-risk contribution of
MCR abandonment

(a) can be characterized

(b) is correlated to specifi€ ignition sources and
target sets for risk-significant contributors

Table 4-2.6-4 Supporting Requirements forHLR-FSS-C

The internal fire PRA shall characterize the factors that will influence the timing and extent of fire damage for each cor
nation of an ignition source and damage target sets selected per HLR-F§5-A (HLR-FSS-C).

hbi-

Index No.
FSS-C Capability Category I Capability Category II
FSS-C1 For fire scenarios selected in accordance with FfCR-  For ignition sources that are risk-significant
FSS-A and HLR-FSS-B, contributors and where supported by the current
SPECIFY intensity and duration characteristics state of practice, PROVIDE a probabilistic
to the ignition sources that are conseryative or representation of
bounding. (a) the effects of ignition source type and locatipn
(b) the range of fire heat release rate profiles
(c) the contribution of low-likelihood but
potentially more challenging fires
For fire scenarios that are risk-significant
contributors where a probabilistic representatiop
of the ignition source is not available, SPECIFY fhe
basis for the characterization of the fire-ignition
source used in the analysis.
FSs-C2 CHARACTERIZE ignition-source intensity such For those scenarios that are risk-significant
that tHe fire is initiated at full-peak intensity (i.e., contributors, CHARACTERIZE ignition-source
heatrelease rate). intensity using a time-dependent fire growth
profile (i.e., a time-dependent heat release rate)
representative of the ignition source.
FSs-C3 CHARACTERIZE the total heat release rate profile of the fire source and secondary combustibles,

including fire growth, steady burning, and decay stages, consistent with its risk significance.
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Table 4-2.6-4 Supporting Requirements for HLR-FSS-C (Cont’d)

The internal fire PRA shall characterize the factors that will influence the timing and extent of fire damage for each combi-
nation of an ignition source and damage target sets selected per HLR-FSS-A (HLR-FSS-C).

Index No.
FSS-C Capability Category I Capability Category II

FSs-C4 If a severity factor is applied in the analysis, USE severity factors for fire scenarios that are risk-
ENSURE that Significant COMTIDUTOrs such that
(a) the severity factor remains independent of (a) the severity factor remains independent of
other quantification factors other quantification factors
(b) the event set is the same as the set used to (b) if the severity factor relies on insights from
estimate fire frequency for any severity factor event data, the event set is the same as the'set used
relying on event data to estimate fire frequency
(c) the severity factor applied is based on (c) the severity factor takes into account the
the conservative or bounding conditions and conditions and assumptions thateduld influence
assumptions that could influence whether or not whether or not a fire will danfage targets of the
a fire will damage targets for the specific set of fire  specific fire scenario underanalysis
scenarios to which the severity factor is applied (d) abasis supporting theséverity factor’s
(d) abasis supporting the severity factor’s determination is stated
determination is stated

FSSIC5 JUSTIFY that the damage criteria used in the fire PRA are representative of the damage targets associated
with each fire scenario.

FSSHCo ASSUME target damage occurs when the For fire scenarios that are risk-significant
exposure environment exceeds the damage contributors where target thermal response
threshold. andlysis would make a material difference to risk

estimates, CALCULATE target damage times based
on the thermal response of the damage target.
FSSHC7 If raceway fire wraps, other passive fire barrier elemients, or active fire barrier elements within a single

PAU are credited in the analysis of fire scenarjos,

(1) SPECIFY a basis for their fire-resistance rating

(b) CONFIRM that the fire wrap or otherpassive fire-protection features will not be subjected to either
mechanical damage or damage from direct flame impingement from a high-hazard ignition source unless
the element has been subject to qualification or other proof of performance by analysis or testing under
these conditions

(c) INCLUDE analysis of fire scenarios involving the failure of the credited barrier element
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Table 4-2.6-5 Supporting Requirements for HLR-FSS-D

The internal fire PRA shall select and apply appropriate fire analysis tools (HLR-FSS-D).

Index No.
FSS-D

Capability Category I Capability Category II

FSS-D1

USE analytical, empirical, and/or statistical fire modeling tools that have sufficient capability to model

the conditions of interest and only within known limits of applicability.

FSS-D2

USE conservative assumptions regarding the For each fire scenario that is not screened out;\U
likelihood and/or extent of fire damage in the fire analysis tools sufficient to characterize the't
analysis of fire scenarios such that the fire-risk significance of the fire scenario.

contribution of each PAU, which is not screened

out, is bounded.

SE
sk

FSS-D3

SPECIFY a basis for fire modeling tool input values used in the analysis, given the cohtext of the fire
scenarios being analyzed.

FSS-D4

For any fire modeling parameters not covered by HLR-FSS-C, USE plant-specifi€ parameter estimates
fire modeling if available; otherwise, use generic information.

for

FSS-D5

If neither plant-specific nor generic parameter values are available for fifemodeling, USE parameter
values for the most similar situation, adjusting if necessary to accounf for'differences,

or

USE expert judgment consistent with Section 1-4.2 of this Standard,and SPECIFY the basis for the cho
of parameter values.

ce

FSS-D6

If statistical models are applied in the fire scenario analyse$, SPECIFY a basis for the applied models.

FSS-D7

SPECIFY a basis for any applied empirical models indhe'context of the fire scenarios being analyzed b
(a) citing a referenced document, or
(b) developing the basis if
(1) oneis not available in referenced doctimentation (e.g., technical reports describing the empir|
models), or
(2) the empirical models are used outside the recommended scenario conditions

<

cal

FSS-D8

EVALUATE the potential for smoke damage to fire PRA equipment on a qualitative basis and INCLU
the results of this assessment in the definition of fire scenario target sets.

FSS-D9

COLLECT information on the.dombinations of fire sources and target sets that were selected per SR
FSS-A4, and CONFIRM that{these combinations represent the as-built plant conditions for those PAU
that represent risk-significant contributors via walkdown.

FSS-D10

For PAUs that are risk-significant contributors, CONFIRM by walkdowns that the selected fire scenari
represent the following conditions:

(a) characterigti¢s of the ignition source that influence fire heat release rate

(b) the location-of damage targets relative to ignition sources

(c) proximity; type, and configuration of secondary combustibles

(d) logatien, type, and physical condition of raceway fire barrier systems

(e) gplaeement of fixed fire detection and suppression equipment

(P \physical and ventilation characteristics of the PAU

0S
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Table 4-2.6-6 Supporting Requirements for HLR-FSS-E
The internal fire PRA shall quantify the conditional probabilities of target damage given fire ignition (HLR-FSS-E).

Index No.
FSS-E Capability Category I Capability Category II
FSS-E1 In crediting fire detection and suppression In crediting fire detection and suppression
systems, USE generic estimates of total system systems, USE generic estimates of total system
uuavaﬂa‘uihty PIUVidCL‘l I.llcll. u_lldVdild‘Uilily PlUVib‘lCd l‘lldl.
(a) the credited system is installed and (a) the credited system is installed and maintained
maintained in accordance with applicable codes in accordance with applicable codes and standards
and standards (b) the credited system is in a fully operable sfate
(b) the credited system is in a fully operable state ~ during plant operation
during plant operation (c) if multiple suppression paths are credited,
(c) if multiple suppression paths are credited, dependencies among the credited paths are
dependencies among the credited paths are modeled, including dependencies,associated with
modeled, including dependencies associated recovery of a failed fire suppré€ssion system, if such
with recovery of a failed fire suppression system, recovery is credited
if such recovery is credited (d) plant operating experience has been reviewed
and the system has notexperienced outlier
behavior relative te{fotal system unavailability
If outlier behavier relative to system unavailability
is detected, CAECULATE the system unavailability
and SATISFY(the CC-II requirements in HLR-
DA-D in Past 2 for Data Analysis, except where the
requirements are not applicable.
FSSIE2 INCLUDE an assessment of fire detection and suppression.system effectiveness in the context of each fire
scenario analyzed, that includes
(a) the time available to suppress the fire prior to target damage
(b) specific features of PAU and fire scenario under*analysis (e.g., pocketing effects, blockages that
might impact plume behaviors or the “visibility*"of the fire to detection and suppression systems, and
suppression system coverage)
(c) suitability of the installed system givensthe nature of the fire source being analyzed
FSSHE3 For each combination of a fire-ignition-source and  For each combination of a fire-ignition source and
a target set (e.g., see SR FSS5-A4) wheese analysis a target set (e.g., see SR FSS-A4) whose analysis
has taken credit for fire suppression prior to fire has taken credit for fire suppression prior to fire
damage, CALCULATE a point.estimate of the damage, the following actions apply:
nonsuppression probability. (a) For fire scenarios that are risk-significant
For fire scenarios that are risk-significant contributors, CALCULATE a mean value of the
contributors, CHARAETERIZE the uncertainty nonsuppression probability and PROVIDE a
in the estimated nonsuppression probability. probabilistic representation of the uncertainty in
This characterization could include, for example, the estimated nonsuppression probability.
specifying the uncertainty range, qualitatively (b) For fire scenarios that are not risk-significant
discussing\the uncertainty range, or identifying contributors, CALCULATE a point estimate value
the estimate as conservative or bounding. of the nonsuppression probability.
FSSHE4 CONEIRM that the data used to develop the manual nonsuppression probabilities and the corresponding
firejignition frequency values (see HLR-IGN-A) have been used consistently so as to avoid double
counting.
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Table 4-2.6-7 Supporting Requirements for HLR-FSS-F

The internal fire PRA shall search for and analyze risk-relevant ignition sources with the potential for causing fire-induced
failure of exposed structural steel (HLR-FSS-F).

Index No.
FSS-F Capability Category I Capability Category II

FSS-F1 IDENTIFY any locations within the fire PRA global analysis boundary that meet both of the following
conditions.
(1) Exposed structural steel is present
(b) Ahigh-hazard fire source is present in that location
If such locations are identified, SELECT those fire scenarios that could potentially damage, including
collapse, the exposed structural steel for each identified location.

FSS-F2 If scenarios are selected per SR FSS-F1, PERFORM  If, per SR FSS-F1, one or more scenarios are

a qualitative assessment of the risk of the selected selected, SPECIFY the technicalbasis for the crif
fire scenarios, including collapse of the exposed associated with structural collapse due to fire
structural steel. exposure

and

PERFORM a quantitative assessment of the risk}
the selected fire,scenarios in a manner consisten|
with HLR-FQ%/ HLR-FQ-B, HLR-FQ-C, HLR-
FQ-D, HLR#EQ*E, and HLR-FQ-F, including
collapse of the exposed structural steel.

eria

of
t

Table 4-2.6-8 Supporting Requirements for HLR-FSS-G

The internal fire PRA shall identify multicompartment fire scenarios for which the risk contribution will be estimated
(HLR-FSS-G).
Index No.
FSS-G Capability Category I Capability Category II
FSS-G1 For fire modeling of single PAUs to_the modeling of multicompartment fire scenarios, SATISFY SRs
FSS-C1, FSS-C2, FSS-C3, FSS-C4, ESS-C5, FSS-C6, and FSS-C7 except where the requirements are not
applicable.
FSS-G2 For multicompartment fire-sCenarios, USE the screening criteria per the screening criteria of SCR-2 andl
SCR-3 from Table 1-1.8-I\to all the PAUs within the global analysis boundaries.
FSS-G3 For each PAU combination that is not screened out, SELECT a sufficient number of multicompartmen
fire scenario(s) se-that the fire-risk contribution of multicompartment fires can be characterized.
FSS-G4 When passiye fire barriers with a fire-resistance When passive fire barriers with a fire-resistance
rating are-credited in the fire PRA, ENSURE that rating are credited in the fire PRA:
the creditfor resistance against fire-induced (1) ENSURE that the credit for resistance againft
failure‘is’consistent with the fire-resistance rating fire-induced failure is consistent with the fire-
as ‘démonstrated by conformance to applicable resistance rating as demonstrated by conformarjce
test' standards. to applicable test standards,
and
(b) QUANTIFY the random failure probability
including reliability and availability
FS$=G5 If passive fire barriers that lack a fire-resistance If passive fire barriers that lack a fire-resistance
rating are credited in the fire PRA, SPECIFY the rating are credited in the fire PRA:
}JClDiD IUL 'L} 1< \.lcdi't 51\/ CIT fUl lCDiD;.aJ [Lw S asaiuol \M/\ SPECIr\l ;.1 1< LClDiD IUl 'L} 1< Llcdi't 51\/ CI1T
fire-induced failure. including resistance against fire-induced failure
and

(b) QUANTIFY the random failure probability
including reliability and availability.
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Table 4-2.6-8 Supporting Requirements for HLR-FSS-G (Cont’d)
The internal fire PRA shall identify multicompartment fire scenarios for which the risk contribution will be estimated
(HLR-FSS-G).

Index No.
FSS-G Capability Category I Capability Category II
FSS-G6 For any scenario selected per SR FSS-G3, if the For any scenario selected per SR FSS-G3, if the
adjoiming PAUS are separated by active fiTe-barTier  adjoimng PAUS are separated by active fire parrier
elements, ASSESS qualitatively the effectiveness, elements
reliability, and availability of the active fire barrier =~ (2) CALCULATE the reliability and availability, of
element. the active fire barrier element
(b) CONFIRM that the active fire barrier ‘element
will be effective given the nature of the fire threat
being postulated
FSSIG7 ASSESS qualitatively the potential risk importance =~ CALCULATE the risk contributighof any selected
of any selected multicompartment fire scenarios. multicompartment fire scenarios in a manner
consistent with HLR-FQ-AHLR-FQ-B, HLR-FQ-C,
HLR-FQ-D, HLR-FQ-E,.and HLR-FQ-F.
FSSHG8 IDENTIFY the sources of model uncertainty and assumptions associated 4yith the Internal Fire Scenario
Selection and Analysis (HLR-FSS-A, HLR-FSS-B, HLR-FSS-C, HLR-FS&<I); HLR-FSS-E, HLR-FSS-F, HLR-
FSS-G).

Table 4-2.6-9 Supporting Requiremerts)for HLR-FSS-H
The documentation of the Internal Fire Scenario Selection and Analysis shall provide traceability of the work (HLR-FSS-H).

Irjdex No.
FSS-H Capability Category I Capability Category II

FSSHH1 DOCUMENT the process used for fire scenario selection. The documentation includes, as a minimum,
(a) the basis for target damage mechanisms and thresholds used in the analysis, including references for
any plant-specific or target-specific performance criteria applied in the analysis

(b) the basis for the selection of the@pplied fire modeling tools

(c) abasis for any statistical and, empirical models applied in the analysis, including applicability

(d) abasis for any plant-specificupdates applied to generic statistical models

(e) the assumptions madeTelated to credited firefighting activities including fire detection, fire
suppression systems, and afiy credit given to manual suppression efforts

(f) the methodology.used to select and quantify scenarios with the potential for causing fire-induced
failure of exposed gtryictural steel

(g) the methoddlogy used to select multicompartment fire scenarios that are potentially risk-significant
contributors

(h) the walkdown process and results

FSSIH2 For eachfire scenario, DOCUMENT the fire growth and damage analysis and related assumptions
including

(mthe nature and characteristics of the ignition source

(b) the nature and characteristics of the damage target set

(c) any applied severity factors

(d) the calculated nonsuppression probability

(e) the fire modeling tool input values used in the analysis of each fire scenario

(f) fire modeling output results for each analyzed fire scenario, including the results of parameter

uncertainty evaluations (as pertormed)

FSS-H3 Document the sources of model uncertainty and assumptions associated with the Internal Fire Scenario
Selection and Analysis (HLR-FSS-A, HLR-FSS-B, HLR-FSS-C, HLR-FSS-D, HLR-FSS-E, HLR-FSS-F, HLR-
FSS-G).
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4-2.7 INTERNAL FIRE IGNITION FREQUENCY (IGN)

The objectives of Internal Fire Ignition Frequency are
(a) to establish the plantwide frequency of internal fires of various types by using generic data updated when
appropriate with plant-specific data for a nuclear power plant and
(b) to apportion fire frequencies to specific plant PAUs and/or fire scenarios as defined by the Internal Fire
Scenario Selection and Analysis technical element (see Section 4-2.6).
Fire events that have occurred in the nuclear power industry serve as the basis for establishing fire-ignition fre-

quencies and associated uncertainties. Applicable data from nonnuclear power industry sources are used only'w
there is no similar experience in the nuclear power industry and with appropriate justification.

Table 4-2.7-1 High Level Requirement for Internal Fire Ignition Frequency (JGN)

hen

Designator Requirement
HLR-IGN-A The internal fire PRA shall estimate fire-ignition frequencies for every PAU that has not been
qualitatively screened out.
HLR-IGN-B The documentation of the Internal Fire Ignition Frequency shall provide traceability of the work.

The internal fire PRA shall estimate fire-ignition frequencies for every PAU that has not been qualitatively screened

(HLR-IGN-A).

Table 4-2.7-2 Supporting Requirements‘for HLR-IGN-A

out

Index No.
IGN-A

Capability Category I Capability Category II

IGN-A1

Except as allowed by SRs IGN-A2 and IGN4A3, USE current nuclear power industry event history tha
includes power plants of similar type, characteristics, and vintages to establish ignition frequencies.
SPECIFY the basis for the exclusion of data judged to be nonapplicable (e.g., due to changes in industj
practices).

=3

IGN-A2

Except as allowed by SR IGN-AS3, USE applicable data from nonnuclear power industry sources only
when there is no similar experience in the nuclear power industry.

JUSTIFY all nonnuclear pawer industry sources used for establishing fire-ignition frequencies by
demonstrating the applicability of information stated in those sources to the specific ignition source b
studied.

In justifying the use of nonnuclear power industry data, CONFIRM that

(1) applicablefiuelear industry data do not exist; a description of the data being applied, including
its source, is’documented; discussion of the data analysis approach and methods used to estimate
per-reactor-year fire frequencies is documented; and the data are applicable to nuclear power plant
conditions‘and the fire scenario(s) being analyzed

(b) £he-underlying data set is applicable to the specific ignition source being studied

(e)\'tHe underlying data set is applicable to nuclear power plant conditions and the fire scenario(s) bei
analyzed

(d) the scope and completeness of the underlying data set are adequate to support robust statistical
treatment

(e) the total population base and equivalent years of operating experience represented by the underly
data set can be quantified

(f) the fire frequencies calculated are consistent with and have properly analyzed dependencies

Ping

=

ng

with or are inr‘]ppnndpnf from other aspects of the fire PRA inr]nding in }’mrﬁmﬂnr any np}'ﬂipd fire

severity (e.g., fire severity factor) treatments and/or any mitigation credit applied for fire detection and

suppression prior to target damage including the analysis of both timing and effectiveness
(g) the underlying data set and all analyses performed are available for review

IGN-A3

In cases where nuclear power industry and nonnuclear industry data are not available, SATISFY expert

judgment requirements from Section 1-4.2 of this Standard.

IGN-A4

REVIEW plant-specific experience for fire event outlier experience and PERFORM a plant-specific fire
frequency update if outliers are found.
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Table 4-2.7-2 Supporting Requirements for HLR-IGN-A (Cont’d)

The internal fire PRA shall estimate fire-ignition frequencies for every PAU that has not been qualitatively screened out
(HLR-IGN-A).

Index No.

IGN-A Capability Category I Capability Category II

IGN-A5 ESTIMATE generic fire-ignition frequenc1es or plant spec1f1c fire frequency updates on a reactor-year

basts (§ENETIC IIIE ITEqUETICIES aIe typlcauy IEPUIIEQ O this Same Dablb} TINCETDE I the fite Irequency
estimation the plant availability, such that the frequencies are weighted by the fraction of time the plant is
at-power.

IGN

[-A6 When combining evidence from generic and When combining evidence from generic and
plant-specific data, USE a Bayesian update plant-specific data, USE a Bayesian upgdate process
process or equivalent statistical process and or equivalent statistical process and-SATISFY the
SATISFY the CC-I requirements in SR DA-D1 CC-II requirements in SR DA-D1 inRart 2 for Data
in Part 2 for Data Analysis, except where the Analysis, except where the requiréments are not
requirements are not applicable. applicable.

IGN

[-A7 USE a plantwide consistent methodology for both fixed and transient ignitionsauirces based on
parameters that are expected to influence the likelihood of ignition to apportion'high-level ignition
frequencies to estimate PAU or ignition source-level frequencies.

IGN

[-A8 SPECIFY an ignition frequency greater than zero to every plant PAUthat'has not been qualitatively
screened out.

IGN

[-A9 CALCULATE a point estimate for the ignition CALCULATE a mean value for the ignition
frequencies. CHARACTERIZE the uncertainty frequencies for the fire scenarios that are
for those ignition frequencies associated with fire significant contributors. PROVIDE a probabilistic
scenarios that are risk-significant contributors. répresentation of the uncertainty of the parameter
This characterization could include, for example, estimates of ignition frequencies for the fire
specifying the uncertainty range, qualitatively scenarios that are risk-significant contributors. If
discussing the uncertainty range, or identifying using expert judgment, SATISFY the requirements
the estimate as conservative or bounding. of Section 1-4.2.
For the fire scenarios that are non-risk-significant
contributors, CALCULATE point estimates.

IGN

[-A10 IDENTIFY the sources of model ungertainty and assumptions associated with the Internal Fire Ignition
Frequency (HLR-IGN-A).

The

Table 4-2.7-3 Supporting Requirements for HLR-IGN-B
documentation of the Internal Fire Ignition Frequency shall provide traceability of the work (HLR-IGN-B).

dex No.
GN-B Capability Category I Capability Category II

IGN

[-B1 DOCUMENT the process used in the ignition frequency analysis specifying the inputs to the Internal Fire
Ignition' Frequency technical element, the applied methods, and the results. Address the following and
othér details needed to fully document how the set of SRs are satisfied:

(@)~ references for fire events and fire-ignition frequency sources used

(b) the apportioning methodology and bases of selected values

(c) the plant-specific frequency updating process and results including the selected plant-specific events,
the basis for the selection or exclusion of events, the analysis supporting the plant-specific reactor-years,

and the Bayesian process for updating generic frequencies

IGN-B2 DOCUMENT the sources of model uncertainty and assumptions associated with the ignition frequency

analysis (SR IGN-A10).
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INTERNAL FIRE CIRCUIT FAILURE ANALYSIS
(CF)

The objectives of Internal Fire Circuit Failure Analysis
are to

(a) refine the understanding and analysis of fire-
induced circuit failures on an individual fire scenario basis

(b) ensure that the consequences of each fire scenario

4-2.8

failure modes. Accordingly, certain cable failure com-
binations or failure modes might not actually jeopar-
dize the desired equipment function on an individual
fire-scenario basis. In addition, the specific circuit failure
mode of concern might have a conditional probability
of occurrence given circuit failure that is not unity. A cir-
cuit analysis is performed given these circuit failures to

on the damaged cables and circuits have been addressed

The overall scope of circuits examined in the fire PRA
is addressed in Sections 4-2.2 and 4-2.3. However, the
Internal Fire Cable Selection and Location technical ele-
ment addressed in Section 4-2.3 contains some simpli-
fications and was performed without consideration of
certain limiting cable failure combinations and circuit

Table 4-2.8-1 High Level Requirement for Internal Fire Circuit Failure Analysis (CF)

determine the scope and extent of equipment fungtignal
impacts and the conditional probability of the’spé¢ific
circuit failure mode needed to cause those impacts.

The scope of the Internal Fire Circuit Failure Anal
requirements is limited to only those eléments of firg
duced consequences that are attributable to cable
circuit failures.

Sis
-in-

hnd

Designator Requirement
HLR-CF-A The internal fire PRA shall determine the applicable conditional probability of the cable and circuijit
failure mode(s) that would cause equipment functional failure and/or undesired spurious operatjon
based on the equipment failure modes as modelediri the plant response model for internal fire.
HLR-CF-B The documentation of the Internal Fire Circuit&Failure Analysis shall provide traceability of the

work.

Table 4-2.8-2 Supporting Requirements for HLR-CF-A
The internal fire PRA shall determine the applicablé‘¢onditional probability of the cable and circuit failure mode(s)
would cause equipment functional failure and/or tindesired spurious operation based on the equipment failure mode
modeled in the plant response model for interhal fire (HLR-CF-A).

fhat
s as

Index No.
CF-A Capability~Category I Capability Category II
CF-Al SPECIFY conseryativé or bounding failure-mode For fire scenarios that are risk-significant

generic indystry-wide values.

probabilities tg'ecomponents consistent with

contributors, SPECIFY the component failure-mjode
probabilities consistent with

(a) the industry-wide cable failure mode gener
values,

(b) the cables failed in the fire scenario, and

(c) the characteristics of the damaged circuits.
For fire scenarios that are risk-significant
contributors and that include spurious operatio
component failure modes that would be impact
by the consideration of hot short duration, CRE
the mitigating effects of limited hot short durati
in the analysis.

[2)

bd
DIT
bn

For fire scenarios that are nnn-riqk-ﬁigniﬁran’r
contributors, SPECIFY bounding failure mode
probabilities to components consistent with generic
industry-wide values.
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Table 4-2.8-2 Supporting Requirements for HLR-CF-A (Cont’d)
The internal fire PRA shall determine the applicable conditional probability of the cable and circuit failure mode(s) that
would cause equipment functional failure and/or undesired spurious operation based on the equipment failure modes as
modeled in the plant response model for internal fire (HLR-CF-A).

Index No.
CF-A Capability Category I Capability Category II
CF A;f, P‘A‘L{“‘T TL‘/\LTE o p H 3 " " H H

mode probability values specified per SR CF- contributors, CALCULATE a mean value for the

A1l. CHARACTERIZE the uncertainty for those failure mode probability values specified per SR

probability values associated with fire scenarios CF-Al and the duration probabilities specified per

that are risk-significant contributors. This SR CF-Al,

characterization could include, for example, and

specifying the uncertainty range, qualitatively PROVIDE a probabilistic representation of the

discussing the uncertainty range, or identifying uncertainty of the parameter estimates of the

the estimate as conservative or bounding. probability values for the fire scefharios that are
risk-significant contributors:
For the fire scenarios that'are’not risk-
significant, CALCULAFEpoint estimates and
CHARACTERIZE the uncertainty for the failure
mode probability and duration values. This
characterizatign-¢ould include, for example,
specifying théuncertainty range, qualitatively
discussing the uncertainty range, or identifying the
estimate as conservative or bounding.

CF-A3 IDENTIFY the sources of model uncertainty and assumptions (as identified in SRs under HLR-CF-A)
associated with the Internal Fire Circuit Failure Analysis{(HLR-CF-A).

Table 4-2.8-3 Supporting Requirements for HLR-CF-B

The documentation of the Internal Fire Circuit Failure Analysis provides traceability of the work (HLR-CF-B).

Irjdex No.
CF-B Capability Category I Capability Category 11

CF-B1 DOCUMENT the process used.in the Internal Fire Circuit Analysis, specifying the inputs to the Internal
Fire Circuit Failure Analysis technical element, the applied methods, and the results. The documentation
includes, as a minimum,
(a) the basis for eachicircuit failure probability
(b) the basis for any hot short duration credited in the plant response model
(c) the uncertaihty for each circuit failure probability and hot short duration probability

CFB2 DOCUMENT the sources of model uncertainty and assumptions associated with the Internal Fire Circuit
Analysis"{HZR-CF-A).

4-219 INTERNAL FIRE HUMAN RELIABILITY include fire location and fire scenario-specific changes

ANALYSIS (FHR)

Tlhe-objectives of the Internal Fire Human Reliability

in assumptions, modeling structure, and perfor-
mance-shaping factors. Additionally, HFEs need to be

Anatysistechnicatelementareto

(a) identify the post-initiator human actions and re-
sulting HFEs to be included in the internal fire PRA

(b) quantify the human error probabilities (HEPs) for
these HFEs

In this technical element, any prior post-initiator
HFEs adopted for use in (or imported directly into) the
fire PRA (e.g., from the internal-events PRA that has
been assessed against Part 2) need to be modified to

included in the fire PRA to address the use of proce-
dures that

(a) are not modeled in other analyses

(b) direct special actions that the operators take to
maintain acceptable plant configurations and achieve
safe shutdown given a fire.

Pre-initiator HFEs affecting operability /function-
ality of fire-protection systems, features, and program
elements are inherently addressed under other parts/
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technical elements of this Standard that are assumed
to rely on a combination of historical and experimen-
tal data with regard to operability/functionality of
fire-protection systems (active and passive) including
fire suppression and fire barriers that include pre-ini-
tiator human errors. Thus, no specific requirements are
stated here with regard to analysis of pre-initiator HFEs

unique to fire-related issues. This lack of requirements
does not prevent a user from performing pre-initiator
Internal Fire Human Reliability Analysis of these possi-
ble errors if it is decided to do so. Under those circum-
stances, the identification and quantification of such
errors should follow Part 2 requirements for pre-initia-
tor HFEs used for internal-events PRAs.

Table 4-2.9-1 High Level Requirement for Internal Fire Human Reliability Analysis (FHR)

Designator Requirement

HLR-FHR-A The internal fire PRA shall identify new human actions relevant to the sequences-in‘the plant
response model for internal fire.

HLR-FHR-B The internal fire PRA shall include events where appropriate in the fire PRA/associated with any
newly identified human actions per HLR-FHR-A.

HLR-FHR-C The internal fire PRA shall quantify HEPs accounting for the plant-spgeific and scenario-specific
influences on human performance, particularly including the effects'of fires, and address potentiql
dependencies.

HLR-FHR-D The internal fire PRA shall include recovery actions only if theaction has been demonstrated to bg
plausible and feasible for those scenarios to which it appli€s, particularly accounting for the effec{s of
fires.

HLR-FHR-E The documentation of the Internal Fire Human Reliability Analysis shall provide traceability of

the work.

Table 4-2.9-2 Supporting' Requirements for HLR-FHR-A

The internal fire PRA shall identify new human actions-relevant to the sequences in the plant response model for intefnal

fire (HLR-FHR-A).
Index No.
FHR-A Capability Category I Capability Category II
FHR-A1 For each fire scenario, JIDENTIFY any new fire- For each fire scenario, IDENTIFY any new fire-

specific safe-shutdown-actions and SATISFY HLR-
HR-E in Part 2 fortiluman Reliability Analysis
except where the téequirements are not applicable,
with the following clarifications:

(1) Where SR'HR-E1 discusses procedures, it is to
be extended to procedures for responding to fires.
(b) Where SR HR-E1 mentions “in the context of
théaecident scenarios,” specific attention is to be
given to the fact that these are fire scenarios.

specific safe-shutdown actions and SATISFY HI|R-
HR-E in Part 2 for Human Reliability Analysis
except where the requirements are not applicable
with the following clarifications:
(1) Where SR HR-E1 discusses procedures, it is|to
be extended to procedures for responding to fir¢s.
(b) Where SR HR-E1 mentions “in the context g
the accident scenarios,” specific attention is to bj
given to the fact that these are fire scenarios.
For fire scenarios, IDENTIFY any new, undesirefd
operator actions that could result from spurious
indications resulting from fire-induced failure of a
single instrument, per SR ES-C2.

~

T 5

FHRZA2

REVIEW the interpretation of the procedures

USE talk-throughs (i.e., review in detail) with plant

aaou\.iatcd vV it}l a\.t;.Ul S idcl ltificd ill SR FI IR Al
with plant operations or training personnel to
confirm that the interpretation is consistent with
plant operational and training practices.

Ul,lcl ClIL.iUL S dl ld tl ﬂil lil l5 IJCI oUILLL lC} tU CUL lf;.l 11T t} L t
the interpretation of the procedures relevant to
actions identified in SR FHR-A1 is consistent with
plant operational and training practices.
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Table 4-2.9-3 Supporting Requirements for HLR-FHR-B
The internal fire PRA shall include events where appropriate in the fire PRA associated with any newly identified human
actions per HRL-FHR-A (HLR-FHR-B).

Index No.
FHR-B Capability Category I Capability Category II

FHR-B1 INCLUDE new fire-related safe-shutdown INCLUDE new fire-related safe-shutdown HFEs
HFEscorrespording to-theactiorns fdertified COTTESPOTTQNgE to the actions idemntified per SR
per SR FHR-A1 in the plant response FHR-AT in the plant response model for internal
model for internal fire, and SATISFY CC-I fire, and SATISFY CC-II requirements in HLRENRAF
requirements in HLR-HR-F in Part 2 for in Part 2 for Human Reliability Analysis except
Human Reliability Analysis except where the where the requirements are not applicable:
requirements are not applicable.

FHR-B2 DEFINE the fire PRA HFEs, including both those DEFINE the fire PRA HFEs, including both those
retained from the internal-events analysis and retained from the internal-events@analysis and
those identified per SR FHR-B1, and SATISFY those identified per SR FHR-BY, and SATISFY
the CC-I requirements in SR HR-F2 in Part 2 for the CC-II requirements inSROHR-F2 in Part 2 for
Human Reliability Analysis, except where the Human Reliability Analysis, except where the
requirements are not applicable. requirements are not applicable.

Table 4-2.9-4 Supporting Requirements for HLR-FHR-C
The internal fire PRA shall quantify HEPs accounting for the plant-specifi¢,aid scenario-specific influences on human
performance, particularly including the effects of fires, and address potential dependencies (HLR-FHR-C).
Irfdex No.
FHR-C Capability Category I Capability Category II
FHR-C1 CALCULATE the HEPs for all HFEs by CALCULATE the HEPs for all HFEs by addressing

addressing relevant fire-related effects using
conservative estimates (e.g., screening valiies).
For the calculation of HEPs, SATISFY theCC-I
requirements in HLR-HR-G in Part 2 for Human
Reliability Analysis except where the’requirements
are not applicable, with the following clarification:
attention is to be given to howrthe fire situation
alters any previous assessmehts in nonfire
analyses as to the influencing factors and the
timing considerationsiovered in SRs HR-G1,
HR-G3, HR-G4, and HIR-G5 in Part 2.

relevant fire-related effects using detailed analyses
for HFEs that are risk-significant contributors and
conservative estimates (e.g., screening values)

for the remaining HFEs. For the calculation of
HFEs, SATISFY the CC-II requirements in HLR-
HR-G in Part 2 for Human Reliability Analysis
except where the requirements are not applicable,
with the following clarification: attention is to

be given to how the fire situation alters any
previous assessments in nonfire analyses as to the
influencing factors and the timing considerations
covered in SRs HR-G1, HR-G3, HR-G4, and HR-G5
in Part 2.
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Table 4-2.9-5 Supporting Requirements for HLR-FHR-D
The internal fire PRA shall include recovery actions only if the action has been demonstrated to be plausible and feasible
for those scenarios to which it applies, particularly including the effects of fires (HLR-FHR-D).

Index No.
FHR-D Capability Category I Capability Category II

FHR-D1 IDENTIFY fire-specific recovery actions and SATISFY SR HR-H1 in Part 2,
art
QUANTIFY the corresponding HEP values including relevant fire-related effects, including any effectp
that may preclude a recovery action or alter the manner in which it is accomplished, and SATISFY i8Rs
HR-H2 and HR-H3 in Part 2 for Human Reliability Analysis except where the requirements are ot
applicable.

FHR-D2 IDENTIFY the sources of model uncertainty and assumptions associated with Internal Firé¢ Human
Reliability Analysis (HLR-FHR-A, HLR-FHR-B, HLR-FHR-C, HLR-FHR-D).

Table 4-2.9-6 Supporting Requirements for HLR-FHR-E

The documentation of the Internal Fire Human Reliability Analysis shall provide tragéability of the work (HLR-FHR-H).
Index No.
FHR-E Capability Category I Capability Category II

FHR-E1 DOCUMENT the process used in the Internal Fire Human Reliability Analysis specifying the inputs,
the applied methods, and the results. The documentatign includes, as a minimum,
(a) the treatment of plant-specific and scenario-specificjinfluences on human reliability, particularly
including the effects of fires
(b) new human actions and recovery actions maogdeled in the internal fire PRA
(c) the identification and quantification of the‘tJFEs/HEPs
SATISFY HLR-HR-I except where the requifements are not applicable.

FHR-E2 DOCUMENT the sources of model uncertainty and assumptions associated with the Internal Fire Hunan
Reliability Analysis (HLR-FHR-A, HER-FHR-B, HLR-FHR-C, HLR-FHR-D).

4-2.10 INTERNAL FIRE RISK QUANTIFICATION (FQ)

The objectives of Internal Fite Risk Quantification
are to

(a) quantify the internal firé-induced CDF and LERF
contributions to plant risk

(b) understand whatare the risk-significant contribu-
tors to the internalfire-induced CDF and LERF

(c) identify, agsess, and quantify analysis uncertainties

The final fir¢risk is determined on the basis of quan-
tifying the plant response model for internal fire devel-
oped pet, the requirements in Section 4-2.5, having

integrated the results of all the other technical elemd
of the fire PRA.

The approach to quantification and the quanti
risk measures are virtually the same as are specified
internal-events PRA results per Part 2 but are modi
to also include results as to the significant fires (and
scenarios) and fire locations (e.g., compartments). ]
modified approach ensures that the quantified res|
are performed in a way to provide fire-unique reld
insights (e.g., fire scenarios that are risk-signifi
contributors).

Pnts

ied
for
ied
fire
[his
ults
ted

ant
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Table 4-2.10-1 High Level Requirement for Internal Fire Risk Quantification (FQ)

Designator Requirement

HLR-FQ-A The internal fire-induced CDF shall be quantified.

HLR-FQ-B The internal fire-induced CDF quantification shall use appropriate models and codes and a
truncation level sufficiently low to show convergence and shall include method-specific limitations
and features.

HLR-FQ-C Model quantification shall determine that all identified dependencies are addressed appropriately,

HLR-FQ-D Internal fire-induced LERF shall be quantified.

HLR-FQ-E The internal fire-induced CDF and LERF quantification results shall be reviewed for correcthiess,
completeness, and consistency. The risk-significant contributors to CDF and LERF, such as.fires and
their corresponding plant initiating events, fire locations, accident sequences, basic evénfs (equipment
unavailabilities and HFEs), plant damage states, containment challenges, and failuge nodes, shall be
identified. The results shall be traceable to the inputs and assumptions made in heinternal fire PRA.

HLR-FQ-F Uncertainties in the internal fire PRA results shall be characterized. Sources 6f model uncertainty
and related assumptions shall be identified and their potential impact on the'results understood.

HLR-FQ-G The documentation of the Internal Fire Risk Quantification shall proyide traceability of the work and

interpretation of the risk profile for the plant.

Table 4-2.10-2 Supporting Requirements for HLR-FQ-A
The internal fire-induced CDF shall be quantified (HLR-FQ-A).

Iy gax-go. Capability Category I Capability Category II

FQ{A1 If quantitative screening is performed, SATISEX.the CDF screening criteria in SCR-2 from Table 1-1.8-1 to
screen out internal fire scenarios from the finalinternal fire PRA CDF model (i.e., quantitative screening).

FQ{A2 For each fire scenario that will be quantifiéd as a contributor to internal fire-induced plant CDF, MODEL
the equipment and cable failures as basic events or as impacts on existing basic events in the fire PRA
plant response model.

FQ{A3 For each fire scenario that will b&quantified as a contributor to internal fire-induced plant CDF,
IDENTIFY the correspondjng.initiating event or events in the plant response model for internal fire (e.g.,
general transient, loss of off-site power)
and
JUSTIFY the selectjon‘based on the fire-induced damage associated with the fire scenario.

FQ{A4 For each fire scenatio that will be quantified as a contributor to internal fire-induced plant CDF,
INCLUDE thée scenario-specific quantification factors (i.e., the factors obtained per requirements of
technical elements Internal Fire Circuit Failure Analysis and Internal Fire Human Reliability Analysis,
and SR$\FQ-A2 and FQ-A3) in the fire PRA plant response model.

FQ4A5 CALCULATE the internal fire-induced CDF, CALCULATE the internal fire-induced CDF, and

and SATISFY the CC-I requirements in HLR-
QU-A in Part 2 for quantification except where
the requirements are not applicable, with the
following clarifications:

(a) Quantification is to include the fire-ignition
frequency per the requirements of the Internal

SATISFY the C-II requirements in HLR-QU-A

in Part 2 for quantification except where the
requirements are not applicable with the following
clarifications:

(a) Quantification is to include the fire-ignition
frequency per the requirements of the Internal

Fire Ignition Frequency technical element (see
Section 4-2.7) and fire-specific conditional damage
probability factors per HLR-FSS-A, HLR-FSS-B,
HLR-FSS-C, HLR-FSS-D, HLR-FSS-E, HLR-FSS-F,
HLR-FSS-G, and HLR-FSS-H.

(b) Quantification is to include the quantification
factors per SR FQ-A4.

(¢) SR QU-AS5 in Part 2 is to be met based on
meeting HLR-FHR-D.

Fire Ignition Frequency technical element (see
Section 4-2.7) and fire-specific conditional damage
probability factors per HLR-FSS-A, HLR-FSS-B,
HLR-FSS-C, HLR-FSS-D, HLR-FSS-E, HLR-FSS-F,
HLR-FSS-G, and HLR-FSS-H.

(b) Quantification is to include the quantification
factors per SR FQ-A4.

(c) Supporting SR QU-AS5 in Part 2 is to be met
based on meeting HLR-FHR-D.
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Table 4-2.10-3 Supporting Requirements for HLR-FQ-B
The internal fire-induced CDF quantification shall use appropriate models and codes and a truncation level sufficiently low
to show convergence and shall include method-specific limitations and features (HLR-FQ-B).

IngS(_BN o Capability Category I Capability Category II
FQ-B1 PERFORM the quantification and SATISFY the PERFORM the quantification and SATISFY the

CCTrequiTements i HER-QT-B i Part 2 for
quantification except where the requirements are
not applicable.

CC-Trequitements i HER-OT=-Bim Part2for IL

quantification except where the requirements a
not applicable.

Table 4-2.10-4 Supporting Requirements for HLR-FQ-C
Model quantification shall determine that all identified dependencies are addressed appropriately (HLR-FQ-C).

Index No.
FQ-C Capability Category I Capability Category II
FQ-C1 INCLUDE dependencies during the plant response INCLUDE dependéncies during the plant response

model for internal fire quantification and SATISFY

the CC-I requirements in HLR-QU-C in Part 2 for
quantification except where the requirements are
not applicable.

model for intéxfal fire quantification and SATIS
the CC-II pequirements in HLR-QU-C in Part 2 f

quantification except where the requirements are

not applicable.

FY
or

Table 4-2.10-5 Supporting Requirements for HLR-FQ-D

Internal fire-induced LERF shall be quantified (HLR-FQ-D).

Index No.
FQ-D Capability Category I Capability Category II
FQ-D1 If quantitative screening is performed; SATISFY the LERF screening criteria in SCR-2 from Table 1-1.8{1 to
screen out internal fire scenarios ffom the final fire PRA LERF model (i.e., quantitative screening).
FQ-D2 CALCULATE LERF using the plant response CALCULATE LERF using the plant response

model for internal fire and’'SATISFY the CC-I
requirements in HLR-FE*E in Part 2 for LERF
Analysis consistent with the requirements of the
Internal Fire Plant\Response Model and Internal
Fire Risk Quantification technical elements of
Part 4 except where the requirements are not
applicable.

model for internal fire and SATISFY the C-II
requirements in HLR-LE-E in Part 2 for LERF
Analysis consistent with the requirements of thg
Internal Fire Plant Response Model and Interna
Fire Risk Quantification technical elements of P
4 except where the requirements are not applical

rt
ble.
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Table 4-2.10-6 Supporting Requirements for HLR-FQ-E
The internal fire-induced CDF and LERF quantification results shall be reviewed for correctness, completeness, and con-
sistency. The risk-significant contributors to CDF and LEREF, such as fires and their corresponding plant initiating events,
fire locations, accident sequences, basic events (equipment unavailabilities and HFEs), plant damage states, containment

challenges, and failure modes, shall be identified. The results shall be traceable to the inputs and assumptions made in the
internal fire PRA (HLR-FQ-E).

Index No.
FQ-E Capability Category I Capability Category II
FQ4E1 IDENTIFY risk-significant contributors, and IDENTIFY risk-significant contributors and
SATISFY the CC-I requirements in HLR-QU-D, SATISFY the CC-II requirements in HLR-QU+D,
SRs LE-F1 and LE-F2 in Part 2, except where SRs LE-F1 and LE-F2 in Part 2, except where the
the requirements are not applicable, with the requirements are not applicable, with the following
following clarifications: clarifications:
(1) CC-Irequirements in SRs QU-D6 and QU-D7 (a) CC-II requirements in SRs QE-D6 and
of Part 2 are to be met including identification of QU-D7 of Part 2 are to be metineluding
which fire scenarios and which PAUs (consistent identification of which fire(Seenarios and which
with the level of resolution of the fire PRA, e.g., PAUs (consistent with thelevel of resolution of the
fire area or fire compartment) are risk-significant fire PRA, e.g., fire area ‘oi-fire compartment) are
contributors. risk-significant contributors.

(b) SR QU-D7 of Part 2 is to be met, recognizing (b) SR QU-D7 ofRart 2 is to be met, recognizing
that “component” in Part 2 is generally equivalent  that “componenit/” in Part 2 is generally equivalent

to “equipment” in Part 4. to “equipment” in Part 4.
(c) CC-Irequirementin SR QU-D4 of Part 2 for (c) CC-IIrequirement in SR QU-D4 of Part 2 for
comparison to similar plants is not applicable. comparison to similar plants is not applicable.

Table 4-2.10-7 Supporting Requirements for HLR-FQ-F
Undertainties in the fire PRA results shall be characterized. Squtees of model uncertainty and related assumptions shall be
identified and their potential impact on the results understood(HLR-FQ-F).

Injdex No.
FQ-F Capability Category I Capability Category II

FQ{F1 PERFORM an uncertainty analysis for the fire PERFORM an uncertainty analysis for the fire PRA
PRA and SATISFY the CC-I requirements in and SATISFY the CC-II requirements in HLR-
HLR-QU-E in Part 2 for quantification except QU-E in Part 2 for quantification except where the
where the requirements are not applicable. requirements are not applicable.

FQ{F2 IDENTIFY the souyees;of model uncertainty and assumptions associated with the Internal Fire Risk
Quantification amalysis (HLR-FQ-A, HLR-FQ-B, HLR-FQ-C, HLR-FQ-D, HLR-FQ-E, HLR-FQ-F).
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Table 4-2.10-8 Supporting Requirements for HLR-FQ-G

The documentation of the Internal Fire Risk Quantification shall provide traceability of the work and provide interpreta-
tion of the risk profile for the plant (HLR-FQ-G).

Index No.
FO-G Capability Category I Capability Category II

FQ-G1 DOCUMENT the process used in the internal fire PRA quantification analysis specifying the inputs to
the Internal Fire Risk n11qh+|l:1hahnn technical D]nmani- the nr\r\hnr] method and the results 1nr*]11r|1ng
the fire scenarios and PAUs that are risk-significant contributors. SATISFY the documentation
requirements in SRs QU-F1, QU-F2, LE-G1, and LE-G2 in Part 2 except where the requirements are
not applicable.

FQ-G2 DOCUMENT the sources of model uncertainty and assumptions associated with the Internal Fire Ris}
Quantification (HLR-FQ-A, HLR-FQ-B, HLR-FQ-C, HLR-FQ-D, HLR-FQ-E, HLR-FQ-F).

FQ-G3 DOCUMENT limitations in the quantification process that would impact applications:
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NONMANDATORY APPENDIX 4-A
NOTES AND EXPLANATORY MATERIAL

4-A.1 ORGANIZATION AND CONTENT

is Nonmandatory Appendix provides notes and
gerferal explanatory material tied to specific SRs as
statied in Part 4 of this Standard. The material contained
in this Appendix is nonmandatory and, as such, does
not|establish new requirements: rather, the material is
intgnded to clarify the intent of an SR, explain termi-
nolpgies that might be used in an SR, and/or provide
examples of analysis approaches that would meet the
intgnt of the SR.
Tlhe explanatory material, presented in Section 4-A.2,
is ofganized by technical element and then by SR num-
ber] For example, Section 4-A.2.2 provides explanatory
maferial for the technical element Internal Fire Initi-
atirfg Events and Equipment Selection. Subsections
under Section 4-A.2.2 are associated with those SRs
that include explanatory material. Note that not all

SRs include explanatory material, so the SR-specific
subsections do not represent a complete set for-any
given technical element.

The tables that follow provide commentaryand expla-
nations that may be useful to the analysts performing
various activities associated with the\PRA. It is empha-
sized that, due to the current and ev0lving nature of the
state of practice and experience related to PRA, there
is diversity in the approaches described in these com-
mentaries, and these cofmmentaries may be updated
over time. The resourees\below are provided for infor-
mation and, indiyidGally, should not be interpreted
as providing definitive or authoritative references for
meeting the requirements of this Standard. This list is
not offered-as being exhaustive. Inclusion of these ref-
erences{does not constitute their endorsement by this
Standaxd:

4-j.2 COMMENTARY TO INTERNAL FIRE PRA TECHNICAL ELEMENTS AND REQUIREMENTS
4-A.2.1 Commentary to Internal Fire Plant Boundary Definition and Partitioning (PP)

Table 4-A.2.1-1 Commentary to High Level Requirements for Internal Fire Plant Boundary Definition and

Partitioning (PP)
Designator Commentary

HLR-PP-A No commentarysprovided.

HLR-PP-B The definitioh,of PAU in Section 1-2.2 purposely relaxes the criteria relative to the degree of fire
confinement below those used for “fire areas” as defined in 10CFR50 Appendix R [4-A-9]. For PAU,
open leakage paths to other PAUs are allowable. The phrase “substantially contained” means that
(a) fhe-direct spread of fire between PAUs is unlikely even under the most severe fire conditions
possible
(L) fire-induced damage to potential damage targets will be confined to a single PAU except under
the most severe possible fire conditions
The potential for fire-induced damage to targets in multiple PAUs is analyzed per HLR-FSS-G.

HLR-PP-C No commentary provided.
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Table 4-A.2.1-2 Commentary to Supporting Requirements for HLR-PP-A

Index No.

PP-A

Commentary

PP-Al

The intent of this requirement is to include sister unit locations that meet the selection criteria as stated.
The intent of this requirement is that the global analysis boundary will include locations that may
contain fire sources that could threaten equlpment mcluded in the plant response model for internal

L
TITC OT 1C1atcu L(;IULCD L)_y VLL tore U1 o Llluluk,ulllt_}cu trrrertt 111!: D\,cllcuu.} uul. LL rort TITay ot u lClllDClVCD cortan

included equipment or cable items.

Table 4-A.2.1-3 Commentary to Supporting Requirements for HLR-PP-B

Index No.

PP-B

Commentary

PP-B1

No commentary provided.

PP-B2

The intent of SR PP-B2 is to allow an analysis to credit partitioning featutes'that have a specific fire-
endurance rating in the plant partitioning analysis without further justification, subject only to the
restriction imposed by SR PP-B4. However, plant partitioning may.also, with justification, credit
partitioning features that lack a specific fire-endurance rating (nonyated elements), such as spatial
separation or nonrated structural elements.

Volume 2, Chapter 1 of EPRI TR-1011989 NUREG /CR-6850-{4-A-1] discusses criteria that may be applied
in justifying decisions related to spatial separation, active fire barrier elements, and partitioning featutes
that lack a fire-resistance rating.

PP-B3

No commentary provided.

PP-B4

No commentary provided.

PP-B5

When determining the scope and details of+\the walkdown, it is important that the intent of the walkdgwn
be considered. The intent is to identify items that invalidate modeling in the PRA to such an extent that
the model does not reasonably represent the as-built, as-operated plant. In keeping with this intent, it fis
acceptable that conditions that can\befjustified as not likely to affect the results (i.e., will not change th|
risk profile or insights) do not need to be validated. As such, and per Inquiry 20-2435 [4-A-13], it is no
required that 100% walkdown'be performed if adequate justification can be provided that a lesser scope
will suffice. Various justifieations could be considered valid, but they must show (a) that items that cofild
have a significant impactwere walked down and (b) that those items not walked down could not have a
significant impact. The-following are examples of possible justifications:

(a) Bounding Riskinpuact: If the importance measure of an item is low, such that even if the item were
assumed failed-all the time, the PRA results would not meaningfully change.

(b) Adequacyof-Documentation: There is a sufficient weight of evidence, through drawings, photos/
videos, analyses, or interviews with knowledgeable plant staff, that the conditions are as assumed in
the PRA.

(c) dmpact of Possible Discoveries: Given past experience with the types of deviations typically found
duting walkdowns, it is not credible or likely that a deviation would be found that could affect the
¢onditions assumed in the PRA to the extent required to meaningfully change the results.

1%

PP-B6

No commentary provided.

PP-B7

No commentary provided.

Table 4-A.2.1-4 Commentary to Supporting Requirements for HLR-PP-C

Index No.

PP-C

Commentary

PP-C1

No commentary provided.

PP-C2

No commentary provided.
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4-A.2.2 Commentary to Internal Fire Initiating Events and Equipment Selection (ES)

Table 4-A.2.2-1 Commentary to High Level Requirements for Internal Fire Initiating Events and

Equipment Selection (ES)

Designator

Commentary

HLR-ES-A

No commentary provided.

HL

R-ES-B

No commentary provided.

HL

R-ES-C

No commentary provided.

HL

R-ES-D

No commentary provided.

Table 4-A.2.2-2 Commentary to Supporting Requirements for HLR-ES-A

ES-A

dex No.

Commentary

ES-

A1

It may be noted that SR ES-A1 is analogous to SR ES-A3 in Addendum B{4-A-12] (the prior version) of
the Standard. That version included an option to exclude an initiating €verit from the internal fire PRA
based on the quantitative criteria specified in SR IE-C6 in Part 2 of tHis'Standard. In theory, the SR IE-C6
exclusion might be applied to fire but would be quite difficult tojustity, as the analyst would need to
consider the cumulative frequency of every fire anywhere in the-plant that might lead to the initiating
event being excluded (the equivalent to the internal-events ihitiating-event frequency). To the knowledge
of Writing Group 4, the SR IE-C6 exclusion has never been ihvoked in any internal fire PRA. Therefore,
the back reference to this exclusion criterion has been deletéd from Part 4 of this Standard as impractical
in practice.

ES-

A2

In the context of SR ES-A2, it is acceptable to define*equipment” as the system whose failure causes the
initiating event; that is, it is not intended that every individual piece of equipment throughout the plant,
whose failure might lead to an initiating event;be identified explicitly. Rather, “equipment” might be
identified at a higher level (e.g., at the system level). For example, the analyst may choose not to analyze
certain balance of plant (BOP) systems at the same level of detail as other plant systems. This decision
may, for example, be driven by a lagk of cable-routing information for the system in question. In such a
case, the BOP system might be treated, in effect, as a “supercomponent” whose failure would lead to an
initiating event. Such approaches are intended to be acceptable so long as the uncertainty introduced by
such assumptions is acceptable under the requirements of the Internal Fire Risk Quantification technical
element.

It is understood that equipment extends to the specific piece of equipment itself and any supportive
equipment (e.g., power supply, associated actuating instrumentation, and interlocks) needed to perform
the intended opération/function of the primary equipment item.

A3

The NEI 00-01 [4-A-2] process for identifying multiple spurious operation (MSO) combinations for
deterministidsafe-shutdown analysis is one acceptable method for meeting SR ES-A3 if that process is
extended, to include PRA systems and functions not included in the scope of the safe-shutdown analysis.
In seme regards, the NEI 00-01 process actually exceeds the scope of analysis specified in companion SRs
ES<A4, ES-A5, and ES-A6. In other regards, it may be incomplete relative to the internal fire PRA in that
some internal fire PRA systems will likely have been excluded from the scope of a NEI 00-01 analysis.

ES-

A4

No commentary provided.

ES-

A5

No commentary provided.
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Table 4-A.2.2-2 Commentary to Supporting Requirements for HLR-ES-A (Cont’d)

Index No.
ES-A

Commentary

ES-A6

For plants adopting NFPA 805 [4-A-3], the Nuclear Safety Capability Assessment is used in lieu of Fire

Safe Shutdown/Appendix R Analysis [4-A-9] in the context of SRs ES-A4, ES-A5, and ES-A6.
Fire-induced failures leading to interfacing system loss-of-coolant accident or containment bypass are

CAC{II[F}CD Ulc CdotTo VV}[CIC filc illuu\_cd fai}uu:b uuu}d CUTL l‘l,li‘l.} u:.C ‘LU dIl il liliﬂlil 16 CVCI ll {,} lﬂ‘l,, ill lu,ux L, }Cﬂd
core damage and large early release.

Random failures do not need to be included in the analyses for this requirement.

This requirement also addresses part of HLR-ES-B by addressing operability / functionality of‘portiong
the plant design that may be credited in the internal fire PRA.

to

of

ES-A7

Exclusion of equipment or failure modes such as MSOs during the equipment-selection phase can be
performed given sufficient justification. For example, NUREG/CR-7150 [4-A-4]identifies certain cable
failure modes (or combinations) that are considered incredible, and these modes.(0F"combinations) co
be excluded from the internal fire PRA on that basis.

11d

Table 4-A.2.2-3 Commentary to Supporting Requirements for HLR-ES-B

Index No.
ES-B

Commentary

ES-B1

No commentary provided.

ES-B2

The NEI 00-01 [4-A-2] process for identifying MSO eombinations for deterministic safe-shutdown
analysis is one acceptable method for meeting SR.ES-B2 if that process is extended to include PRA
systems and functions not included in the scope0f the safe-shutdown analysis. In some regards, the N
00-01 process actually exceeds the scope of analysis specified in companion SR ES-B3. In other regards
it may be incomplete relative to internal fire PRA in that some internal fire PRA systems will likely hay
been excluded from the scope of a NEI 0001 analysis.

[E1

7

ye

ES-B3

Exclusion of equipment or failure modes such as MSOs during the equipment-selection phase can be
performed given sufficient justification. For example, NUREG/CR-7150 [4-A-4] identifies certain cabl]
failure modes (or combinationg) that are considered incredible, and these modes (or combinations) co
be excluded from the interndl PRA on that basis.

11d

Table 4-A,2:2-4 Commentary to Supporting Requirements for HLR-ES-C

Index No.
ES-C

Commentary

ES-C1

Instrumentation needs to be included because of the higher probability of fire-induced indication faily
including spurious indications compared with random indication failure. Thus, while random failure:
ofinstrumentation may often be ignored in an internal-events PRA, fire-induced instrumentation faily
needs to be included in an internal fire PRA.

Inclusion of just one fire-induced spurious indication relevant to each operator action being addressed
for CC-Il is indicative of balancing (a) the current state of the art and the resources required to considg
almost innumerable combinations of two or more spurious indications against (b) the desire to includ
the internal fire PRA the associated risk caused by such spurious indications.

r
b in

The intent of CC-T of SR ES-C1 is that the internal fire PRA does not include any identification

instrumentation for which a single fire-induced erroneous indication would directly lead the operators

intentionally to take an undesirable action impacting one or more of the safety functions modeled in the
internal fire PRA. If the analysis includes some identification of this instrumentation, then CC-I requires
that the underlying methods and assumptions be described but without an implied judgement regarding
adequacy or completeness.

ES-C2

No commentary provided.
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Table 4-A.2.2-5 Commentary to Supporting Requirements for HLR-ES-D

Index No.
ES-D Commentary

ES-D1 Documentation does not necessarily imply a separate/unique list of equipment, although producing
a separate list of equipment may prove useful. For instance, inclusion in the plant response model for
internal fire can be a part of “documenting” the equipment included and its failure modes. The ability to
\.ICQLC Dbl\,}l 23 }iD‘L D} lUu}d C)\ibll CDPC\_;C{}})’ fUl PCCL lc\/iCVV Clcfil.;cll\.y doS Vv C}} doS fUl PCLfULlllil 16 :.} < illlcll lCl}
fire PRA itself.

ES-p2 No commentary provided.

Ta

4-91;2.3 Commentary to Internal Fire Cable Selection and Location (CS)

le 4-A.2.3-1 Commentary to High Level Requirement for Internal Fire Cable Selectiontand Location (CS)

Pesignator

Commentary

HLR-CS-A

No commentary provided.

HLR-CS-B

No commentary provided.

HLR-CS-C

No commentary provided.

Table 4-A.2.3-2 Commentary to Supporting Requirements for HLR-CS-A

Irfdex No.
CS-A

Commentary

CS-A1

Chapter 3 of NEI-00-01 [4-A-2] provides one acceptable method for performing circuit-failure analysis
for circuits identified in the internal fire PRA.

The distinction between CC-I and CC-\is’the resolution of cable mapping to failure modes (i.e., basic
event). In CC-II, specific cables are mapped to the appropriate failure mode based on the circuit analysis
for equipment that are risk significant contributors.

The intent of SR CS-A2 is, injpart, to provide limits on the scope of instruments to be identified in
accordance with the risk imaportance of operator actions included in the plant response model for internal
fire. For example, if the use of a conservative screening HEP shows that an operator action is not a
significant contributor.then the analyst may choose not to identify instrumentation and, by implication
of SR CS-Al, not t6_complete cable tracing for such instruments. However, it is intended that, pursuant
to this requirement, the instruments relied on by the operator actions will be identified and verified as
available to a leyvel of detail commensurate with the risk importance and quantification of the HEPs.

In the context of SR ES-A2 (see explanatory note), one acceptable approach to the identification of
internalfire PRA equipment is to define “equipment” as the system whose failure causes the initiating
evenfirather than identifying every individual piece of equipment throughout the plant whose failure
mightlead to an initiating event. In the context of SR CS-A2, if the “supercomponent” approach has been
applied, a similar approach to cable selection and location would be expected. That is, in such cases, it is
acceptable that individual cables supporting the “supercomponent” system might not be identified and
routed in detail but rather simply be associated as a group to various plant locations such that the failure
of any support cable would cause failure of the supercomponent/system.

CS-A3

No commentary provided
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Table 4-A.2.3-2 Commentary to Supporting Requirements for HLR-CS-A (Cont’d)

Index No.
CS-A

Commentary

CS-A4

The internal fire PRA should strive for completeness in its cable routing information. It is acknowledg

ed,

however, that practicality may limit its completeness. If full cable-routing information is not developed,
the routing of cables on an exclusionary basis is acceptable; that is, if it can be established (based on the

P}l)’ Dil.ﬂ} fca'u,uco dl ld }a)/uu‘t Uf ‘l.l < P}Cll l:.) :.} lCl{. 28 lJCll ‘Li\_u}al \.QLIC (Ul ELUMP Ulc kClL}CD) ib llU:. lULl:.Cd ‘l.}llU
a given PAU (or specific location within a PAU), then the internal fire PRA may assume that the ex¢li
cable(s) will not fail for fire scenarios where fire-induced damage is limited to that PAU (or to acspecif
location within a PAU).

A cable terminal end location refers to the location where each end of the cable is terminatedat some
piece of plant equipment. In some cases, the cable might enter this equipment from the floor below. In|

these cases, the cable routing information must represent the presence of the cable indh¢ fire area or fif

compartment where it is actually terminated.
The internal fire PRA may make conservative assumptions regarding cable locations; that is, if the exal
routing of a cable (or group of cables) has not been established, the internal fire PRA should assume
that those cables fail for any fire scenario that has a damaging effect on any raceway or location where
the subject cable might reasonably be located. The determination of whefte-cables might reasonably bej
located should include the physical layout of the plant equipment and/the routing of cables analyzed
explicitly using SR CS-A3 from nearby or identical locations. The intent is to allow for the application
conservative assumptions in cases where the specific routing of @-cable is not known.

igh
led
c

(@]
-

Table 4-A.2.3-3 Commentary to Supporting Requirements for HLR-CS-B

Index No.
CS-B

Commentary

CS-B1

No commentary provided.

CS-B2

No commentary provided.

Table 4-A.2.3-4 Conimentary to Supporting Requirements for HLR-CS-C

Index No.
CS-C

Commentary

Cs-C1

No commentary\provided.

4-A.2.4 Commentary to Internal Fire Qualitative Screening (QLS)

Table 4-A.2,4-1 Commentary to High Level Requirement for Internal Fire Qualitative Screening (QLS)

Designator Commentary
HLR-QLS-A No commentary provided.
HIR-QLS-B No commentary provided.
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Table 4-A.2.4-2 Commentary to Supporting Requirements for HLR-QLS-A

Index No.
QLS-A Commentary

QLS-A1 The use and extent of screening out of PAUs is optional.

QLS-A2 Internal fire PRA practice may involve screening out PAUSs if the time available before a required
shutdown due to a Technical Specification violation is long. This Standard does not establish a specific
time limit but acknowledges the potential validity of this approach. It is expected that analysts will define
and specify a basis for their approach if an upper-bound time limit is applied beyond which a shutdown
required by the Technical Specifications will not be included as an initiating event.

QL$-A3 It is acceptable for the qualitative screening analysis to retain any PAU for quantitative analysis'without a
rigorous application of the defined qualitative screening criteria.

QL$-A4 SRs QLS-A1, QLS-A2, and QLS-A3 represent minimum criteria. The intent of SR QLS-A4 js.to allow for
the application of additional screening criteria. However, if additional criteria are applied, then they must
be defined, and a basis for their acceptability must be specified.

QL$-A5 No commentary provided.

Table 4-A.2.4-3 Commentary to Supporting Requirements-for HLR-QLS-B
Irjdex No.
DLS-B Commentary
QL$-B1 No commentary provided.
QL$-B2 No commentary provided.

4-A.2.5 Commentary to Internal Fire Plant Response Madel (PRM)

Table 4-A.2.5-1 Commentary to High Level Requirement for Internal Fire Plant Response Model (PRM)

Pesignator Commentary
HLR-PRM-A No commentary provided:
HLR-PRM-B No commentary provided.
HLR-PRM-C No commentary\provided.
Table4-A.2.5-2 Commentary to Supporting Requirements for HLR-PRM-A
Irfdex No.
PRM-A Commentary
PRM-A1 No commentary provided.
PRYI-A2 No commentary provided.
PRM-A3 No commentary provided.
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Table 4-A.2.5-3 Commentary to Supporting Requirements for HLR-PRM-B

Index No.
PRM-B Commentary

PRM-B1 No commentary provided.

PRM-B2 The internal-events PRA plant response model is typically used as the starting point for the development
of the plant response model for internal fire. All significant deficiencies found in the peer review and any
other exceptions for the internal-events PRA should have been properly resolved, and the dispositien fof
these issues should not adversely affect the development of the plant response model for internal fire’
The definition of significant deficiency needs to be considered in the context of the regulatory framewprk
(i.e., outside of this Standard and on a country-by-country basis).

In the United States, the PRA peer-review guidance indicates that a Finding-level observation impactg
the technical adequacy of the PRA and is therefore a significant deficiency. Note that significant in thig
context is not intended as risk significant.

PRM-B3 No commentary provided.

PRM-B4 No commentary provided.

PRM-B5 No commentary provided.

PRM-B6 No commentary provided.

PRM-B7 No commentary provided.

PRM-B8 No commentary provided.

PRM-B9 No commentary provided.

PRM-B10 Systems and equipment that are included in the internal-events PRA but not selected in the Internal
Fire Initiating Events and Equipment Selection elenfent would not be subject to cable selection circuit
analysis and cable routing. Any such equipment;potentially vulnerable to fire-induced failure, should be
assumed failed in the worst possible failure mode including spurious operation.

PRM-B11 No commentary provided.

PRM-B12 No commentary provided.

PRM-B13 No commentary provided.

PRM-B14 No commentary provided.

PRM-B15 No commentary provided!

Table 4-A.2.5-4 Commentary to Supporting Requirements for HLR-PRM-C
Index No.
PRM-C Commentary

PRM-C1 Nocommentary provided.

PRM-C2 SR PRM-C2 is intended to address aspects of the plant response model for internal fire that have been
modified or are otherwise unique in comparison to those in the internal-events model. Documentatiom
of aspects that have not been modified in the internal fire PRA are expected to be already documented in
the internal-events notebooks.

PRMZC3 No commentary provided.
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4-A.2.6 COMMENTARY TO INTERNAL FIRE SCENARIO SELECTION AND ANALYSIS (FSS)

Table 4-A.2.6-1 Commentary to High Level Requirement for Internal Fire Scenario Selection and

Analysis (FSS)
Designator Commentary

HLRFSSA Neo-commentary-provided:

HLR-FSS-B No commentary provided.

HLR-FSS-C No commentary provided.

HLR-FSS-D No commentary provided.

HLR-FSS-E No commentary provided.

HLR-FSS-F No commentary provided.

HLR-FSS-G No commentary provided.

HLR-FSS-H No commentary provided.

Table 4-A.2.6-2 Commentary to Supporting Requirements-for HLR-FSS-A
Irjdex No.
FSS-A Commentafy

FSSHA1 No commentary provided.

FSSFA2 No commentary provided.

FSSHA3 No commentary provided.

FSStA4 It is expected that the number of individualfire scenarios and the level of detail included in the analysis
of each scenario will be commensuratewith the relative risk importance of the PAU under analysis. PAUs
with small risk contribution may, for.example, be characterized based on the conservative analysis of
a single bounding fire scenario. Theimore risk-significant PAUs will likely be characterized by detailed
analysis of multiple and/or motespecific fire scenarios. In particular, those PAUs that are identified as
the significant fire-risk contributors should be characterized by the detailed quantification (see HLR-
FSS-C) of one or more fire scénarios that combine specific ignition sources and specific target sets.
In internal fire PRA practice, multiple ignition sources may be analyzed by using a single fire scenario
(e.g., a bank of severalisimilar electrical panels might be grouped and analyzed with a single fire
scenario), provided-that the assumed fire-ignition frequency and fire characteristics bound the
cumulative conttibution of all of the individual ignition sources included under the selected fire scenario.

Table 4-A.2.6-3 Commentary to Supporting Requirements for HLR-FSS-B
Irjdex No.
FSS-B Commentary
FSS}B1 No commentary provided.
FSS{B2 No commentary provided.
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Table 4-A.2.6-4 Commentary to Supporting Requirements for HLR-FSS-C

Index No.
FSS-C Commentary

FSS-C1 The intent of CC-II requirements of SR FSS-C1 is that the characterization of the factors that influence the
damage that could be caused by ignition sources could be classified in two broad categories: (a) sources
with a probabilistic representation available and (b) sources without a probabilistic representation
av ai}q‘u}c. RiD}\ Diél lifi\_ﬂl l:. filc iél li ‘l.;\Jll SUUILTS lcUl VV}liL}l d lJl ULC[L;};D ‘l.;\_ LCIJLCDCL l:.Cl:.iUll iD av ﬂ;}ﬂb}c D} 1O Llld
utilize the probabilistic representation. For ignition sources for which no probabilistic representation ip
available (and for ignition sources that are not risk significant), a simpler representation (e.g., single<ppint
characterization) is acceptable per the second part of SR FSS-C1.

FSS-C2 No commentary provided.

FSS-C3 No commentary provided.

FSS-C4 Conditions and assumptions that could influence whether or not a fire will damage’targets include, fofr
example, the distance between fire source and target, the position of the targets‘relative to the fire soufce,
the damage threshold of the targets, and the mode of fire exposure (e.g., bugyant plume exposure vergus
radiant heating).

FSS-C5 No commentary provided.

FSS-Cé6 No commentary provided.

FSs-C7 HLR-FSS-G and its SRs provide for the analysis of fire scenariosimpacting adjacent PAUs (the
multicompartment fire analysis). SR FSS-C7 is intended, in part, to ensure that a similar analysis is
included for cases where barriers exist within a single PAU(i.e., the barriers exist but were not creditefl
during plant partitioning). If the analysis of fire scenafigs within a single PAU credits these barriers
(e.g., with limiting fire damage, or delaying the spread-of fire or the onset of fire damage), then SR FS3-C7
requires an analysis of fire scenarios involving the\failure of the credited barrier that is analogous to
the multicompartment fire analysis. Such barfiéxrs may include passive barriers (e.g., nonrated partitign
walls, cable wraps, or radiant energy shields)or active barriers (e.g., normally open fire doors or watey
curtains).

NFPA 101 [4-A-11] defines “high hazard!” fire sources as “contents that are likely to burn with extremg
rapidity or from which explosions-afélikely.” In the context of a nuclear power plant, this would equdte
to the presence or potential release'of large quantities of flammable liquid or hydrogen gas.
Table 4-A.2.6-5 ( Commentary to Supporting Requirements for HLR-FSS-D
Index No.
FSS-D Commentary

FSS-D1 No commentary provided.

FSS-D2 No commentary provided.

FSS-D3 The.ntent of SR FSS-D3 is to address parameters used in fire modeling that are not explicitly associatdd
with characterizing the fire-scenario configuration. Examples of these parameters may include
thermophysical properties of boundary materials, ambient temperature, etc.

FSS-D4 No commentary provided.

FSS-B5 No commentary provided.

FSS-D6 An example of a statistical fire model would be one where fire-spread behavior within electrical panels
Ul Ll 1< lllclill LUllLlUl 1l.JUCllb‘l Ildb ‘L)Ccll lllUdCICL‘l bLaLibLiLdll}’. Al lULl ICI E)\Clllll)lt' llligllll, 1I.JE i.l 1< lllUb‘lClil 15 Uf f re
intensity by using a probability distribution.

FSS-D7 An empirical model, as that term is used here, is a fire model based on experience or observation alone.

For example, fire suppression by the manual fire brigade is often based on an empirical relationship
derived from a statistical analysis of fire-suppression times reported in past operating experience.

A second example is characterizing high-energy arcing faults in electrical switching equipment based
on characteristics observed in past events. A third example is the wide range of closed-form empirical
correlations documented in sources such as textbooks or engineering handbooks.
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Table 4-A.2.6-5 Commentary to Supporting Requirements for HLR-FSS-D (Cont’d)

Index No.
FSS-D

Commentary

FSS-D8

Fire scenarios that assume widespread damage (e.g., damage across an entire PAU) will generally include
potential smoke damage within the limits of the assumed fire damage (e.g., assuming the loss of all
equipment in a PAU given a fire, as might be employed during early stages of a screening analysis).

FSS

D9

A screening-level fire-scenario analysis that assumes widespread fire damage within a PAU would only
require confirmation of sources and targets present in the PAU.

When determining the scope and details of the walkdown, it is important that the intent of the walkdown
be considered. The intent is to identify items that invalidate modeling in the PRA to such an extent that
the model does not reasonably represent the as-built, as-operated plant. In keeping with this intent, it is
acceptable that conditions that can be justified as not likely to affect the results (i.e., will not change the
risk profile or insights) do not need to be validated. As such, and per Inquiry 20-2435 [4-A=18], it is not
required that 100% walkdown be performed if adequate justification can be provided, that a lesser scope
will suffice. Various justifications could be considered valid, but they must show (a)'that items that could
have a significant impact were walked down and (b) that those items not walked‘down could not have a
significant impact. The following are examples of possible justifications:

(a) Bounding Risk Impact: If the importance measure of an item is low, such that'even if the item were
assumed failed all the time, the PRA results would not meaningfully change.

(b) Adequacy of Documentation: There is a sufficient weight of evidenge,‘through drawings, photos/
videos, analyses, or interviews with knowledgeable plant staff, that.the conditions are as assumed in

the PRA.

(c) Impact of Possible Discoveries: Given past experience with thé fypes of deviations typically found
during walkdowns, it is not credible or likely that a deviationf would be found that could affect the
conditions assumed in the PRA to the extent required to-meaningfully change the results.

FSS

D10

See commentary for FSS-D9.

Table 4-A.2.6-6 Commentary to Supporting Requirements for HLR-FSS-E

dex No.
FSS-E

Commentary

FSS

-E1

Typical internal fire PRA practicéiinvolves the application of a nonsuppression probability, that is,

the probability that suppression efforts fail to suppress the fire before the onset of the postulated
equipment/cable damage. Fhus, the nonsuppression probability estimate includes an assessment of
effectiveness (including;the relative timing of fire damage versus detection/suppression and fire brigade
performance), discussed in SR FSS-E2, as well as an overall assessment of system unavailability. The
intent of CC-II requirements of SR FSS-E1 is to require increasing levels of plant specificity in assessing
system unavailability.

The applicable-codes and standards will generally be the relevant NFPA code(s) of record.

The intentt\for CC-11 is to additionally require a review of plant records to determine whether the generic
unavailability estimate is consistent with actual system unavailability. Outlier experience would be any
experience indicating that the actual system is unavailable more frequently than would be indicated by
the)generic values.

The total system unavailability is intended to represent functional performance of the system; for
example, a detector system may function even though one or more individual detectors are out of service
or fail. Also note that total system unavailability includes unreliability.

FSY

-E2

No commentary provided.

FSS-E3

No commentary provided.

FSS-E4

The statistical treatment of manual fire suppression is typically complementary to the events included
when fire frequency is estimated; as a result, the two factors are typically highly dependent.

The use of the ignition frequency and fire suppression values published in EPRI 3002002936/
NUREG-2169/ [4-A-5] is one acceptable method to meet this SR; that is, the analyses performed in
accordance with the EPRI report meet the requirements of this SR.
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Table 4-A.2.6-7 Commentary to Supporting Requirements for HLR-FSS-F

Index No.
FSS-F Commentary

FSS-F1 The prototypical fire scenario leading to failure of structural steel would be catastrophic failure of the
turbine itself (e.g., a blade ejection event) and an ensuing lube-oil fire. For the lube-oil fire, the possibility
of effects of pooling, the flaming oil traversing multiple levels, and spraying from continued lube-oil
Pblll lkl UPCLQ{,;ULI D} L9 bl}d LC il l\.}udcu. Addi ‘LiUl lCl} CAdII lF}CD vV Ubl}d 11 l\.}bldC OLCIIAdl iub ill\/ U}Vil 15 \Jl} ICT
high-hazard fire sources present in the relevant PAUs (e.g., oil storage tanks, hydrogen storage tanks gnd
piping, mineral oil-filled transformers).

FSS-F2 No commentary provided.

Table 4-A.2.6-8 Commentary to Supporting Requirements for HLR-FSS=-G
Index No.
FSS-G Commentary

FSS-G1 In applying requirements SRs FSS-C1, FSS-C2, FSS-C3, FSS-C4, FSS-@5; FSS-C6, and FSS-C7, additiondl
phenomena associated with multicompartment fire scenarios, beyond those associated with scenarios|of
single PAUs, may be addressed. For example, the modeling of hot-gas flow through openings and dudts
from the PAU of fire origin may be necessary.

FSS-G2 No commentary provided.

FSS-G3 No commentary provided.

FSS-G4 Passive fire barrier features that may have been credited in plant partitioning or scenario analysis inclfide
items such as walls, normally closed fire doors, pénetration seals, and other similar features that requifre
no action (manual or automatic) to perform their intended function. This requirement would apply to
all passive fire barrier elements credited in-the internal fire PRA, including the plant partitioning, as well
as in the fire-scenario selection and analysis. The fire-resistance rating of passive fire barrier features
is typically established in accordancewith the ASTM E 119-10b [4-A-6] standard and/or other similar,
related, or subsidiary standards.

FSS-G5 No commentary provided.

FSS-G6 Active fire barrier elements ificlude items such as normally open fire doors, dampers, water curtains, gnd
other similar items that-require that some action (manual or automatic) occur for the element to perfoym
its intended function.

FSS-G7 No commentarysprovided.

FSS-G8 No commentaty’provided.

Table 4-A.2.6-9 Commentary to Supporting Requirements for HLR-FSS-H
Index No.
FSS-H Commentary

FSS-H1 No commentary provided.

FSSH2 No commentary provided.

FSS'I IS l\\TU CUIIT lClli‘lly PlUVidCL}.
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4-A.2.7 Commentary to Internal Fire Ignition Frequency (IGN)

Table 4-A.2.7-1 Commentary to High Level Requirement for Internal Fire Ignition Frequency (IGN)

Designator Commentary

HLR-IGN-A No commentary provided.

HLR-IGN-B No commentary provided.

Table 4-A.2.7-2 Commentary to Supporting Requirements for HLR-IGN-A
Irfdex No.
GN-A Commentary

IGN-A1 No commentary provided.

IGN-A2 No commentary provided.

IGN-A3 No commentary provided.

IGN-A4 Outlier experience includes cases where the plant has experienced moreyfifes of any given type than
would be expected, given the generic industry experience, or where theiplant has experienced a type of
fire that is a potential risk contributor but is not included in the generie event database.

IGN-A5 The analysis required by SR IGN-A5 addresses the fraction of the'year that the plant is in at-power
operational state. For further discussion, see the explanatory note for SR IE-C5 in Part 2.

IGN-A6 No commentary provided.

IGN-A7 An example of a “plantwide consistent methodology:would be one in which, if equipment count were
chosen as the approach for determining PAU appottioning factors, counting rules should be established
and applied consistently throughout all the PAUsin the plant and should preserve the plantwide fire
frequency.

IGN-A8 The analysis must include all potential ignitions sources, both fixed and transient.

IGN-A9 No commentary provided.

IGN-A10 No commentary provided.

Table 4-A.2.7-3_“Commentary to Supporting Requirements for HLR-IGN-B
Irjdex No.
GN-B Commentary

IGN-B1 No comméntary provided.

IGN-B2 No comimeéntary provided.

4-A.2.8 COMMENTARY TO INTERNAL FIRE CIRCUIT FAILURE ANALYSIS (CF)

Table 4-A.2.8-1 Commentary to High Level Requirement for Internal Fire Circuit Failure Analysis (CF)

Designator Commentary
HLR-CF-A No commentary provided.
HLR-CF-B No commentary provided.
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Table 4-A.2.8-2 Commentary to Supporting Requirements for HLR-CF-A

Index No.
CF-A Commentary
CF-A1l No commentary provided.
CF-A2 No commentary provided.
A3 Nocommentary-provided:
Table 4-A.2.8-3 Commentary to Supporting Requirements for HLR-CF-B
Index No.
CF-B Commentary
CF-B1 No commentary provided.
CF-B2 No commentary provided.

4-A.2.9 Commentary to Internal Fire Human Reliability Analysis (FHR)

Table 4-A.2.9-1 Commentary to High Level Requirement for Internal Fire Human Reliability Analysis (FHR)

Designator Coemmentary
HLR-FHR-A No commentary provided.
HLR-FHR-B No commentary provided.
HLR-FHR-C No commentary provided.
HLR-FHR-D No commentary provided.
HLR-FHR-E No commentary provided.
Table 4-A.2.9-2. "Commentary to Supporting Requirements for HLR-FHR-A
Index No.
FHR-A Commentary
FHR-A1 The requirements of the Internal Fire Plant Response Model technical element address HFEs carried ofer
from thelinternal-events analysis. SR FHR-A1 addresses new HFEs that are unique to the fire analysis
The'intent of CC-I requirements of SR FHR-A1 is that the plant response model for internal fire
daes not include any identification any new, undesired operator action that could result from fire-
induced spurious indications resulting from failure of a single instrument. If the analysis includes
some identification of these undesired actions, then CC-I requires that the underlying methods and
assumptions be described but without an implied judgement regarding adequacy or completeness.
FHRA2 No commentary provided.
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Table 4-A.2.9-3 Commentary to Supporting Requirements for HLR-FHR-B

Index No.
FHR-B Commentary

FHR-B1 No commentary provided.

FHR-B2 HEFEs related to actions previously modeled in an analysis such as the internal-events PRA may have
to be modified because the fire may change the scenario characteristics such as timing, cues, or specific
actions that would have to be taken (e.g., due to fire-induced circuit failures that affect the manner in
which certain components may be operated). These changes would therefore require alteration of a
previously defined HFE to fit the applicable fire situation in the internal fire PRA.

One example of an undesired operator action would be shutting down a pump because of a spurious
pump high-temperature alarm.
Table 4-A.2.9-4 Commentary to Supporting Requirements for HLR-FHR=C
Irjdex No.
FHR-C Commentary

FHR-C1 One acceptable method for meeting this requirement is stated in EPRI.1023001 NUREG-1921 [4-A-7]
including its definition of detailed analysis versus screening/scoping-methods.

Table 4-A.2.9-5 Commentary to Supporting Requitements for HLR-FHR-D
Irjdex No.
FHR-D Commentary

FHR-D1 An example of a fire-related effect that must be-analyzed carefully in identifying and evaluating recovery
actions is the potential for a circuit failure that\could both defeat automatic operation of a valve and
prevent remote manual operation (see Inforiation Notice 92-18, [4-A-8]).

FHR-D2 No commentary provided.

Table 4-2.9-6 Commentary to Supporting Requirements for HLR-FHR-E
Irjdex No.
FHR-E Commentary
FHR-E1 No commentary ptrovided.
FHR-E2 No comméntary provided.
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4-A.2.10 Commentary to Internal Fire Risk Quantification (FQ)

Table 4-A.2.10-1 Commentary to High Level Requirement for Internal Fire Risk Quantification (FQ)

Designator

Commentary

HLR-FQ-A

No commentary provided.

IR IO D

AL

TN T D

" bR - |
TNOCoTeItar y-provIacar:

HLR-FQ-C No commentary provided.

HLR-FQ-D No commentary provided.

HLR-FQ-E No commentary provided.

HLR-FQ-F No commentary provided.

HLR-FQ-G No commentary provided.

Table 4-A.2.10-2 Commentary to Supporting Requirements for HLR-FQ-A
Index No.
FQ-A Commentary

FQ-A1 Prior versions of this Standard [4-A-10] included a technical’element called Quantitative Screening
(QNS). SR FQ-A1 in this Standard embodies the requirements of what was HLR-QNS-A and its SRs in
the prior versions.

FQ-A2 In some cases, a given fire scenario could lead to mare than one initiating event.

FQ-A3 For example, in the case of a pump control cable\failure, spurious operation of the pump might imply
one initiating event, whereas a loss of function failure might imply a different initiating event. For
screening purposes, the selection of the mest-¢onservative (i.e., the most challenging from the CDF
and LERF perspectives) initiating event might be assumed with a conditional probability of 1.0 for the
corresponding pump failure mode. Quantification might also consider both initiators with a split fracfion
applied to represent each pump-failiire mode. The intent of SR FQ-A2 is to ensure that the selected
initiating event (or events) encompasses the risk contribution from all applicable initiating events.
When quantifying fire scenariosbased on an internal-events initiating-event sequence, there may be a
difference in Success Criteria, timing of human actions, and other elements of the PRA model for a firg-
induced system failure-that causes a reactor trip and the same failure if it occurs after a reactor trip. If |for
example, the internal fire PRA model employs a general transient as the initiating event, with all of the
fire impacts included as failures subsequent to that trip, then to meet the intent of SR FQ-A2, it would
be appropriatetgeéhsure that any differences with respect to selecting a more specific initiating event gre
negligible.

FQ-A4 No commentary provided.

FQ-A5 No egomrhentary provided.

Table 4-A.2.10-3 Commentary to Supporting Requirements for HLR-FQ-B
IndexNo.
FQ-B Commentary
FQ'Bl }\TU LUllllllClli.Clly PlUVib‘le‘l.
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Table 4-A.2.10-4 Commentary to Supporting Requirements for HLR-FQ-C

Index No.
FQ-C Commentary
FQ-C1 No commentary provided.
Table 4-A.2.10-5 Commentary to Supporting Requirements for HLR-FQ-D
Irjdex No.
FQ-D Commentary
FQ{D1 Prior versions of this Standard [4-A-10] included a technical element called Quantitative Screening
(QNS). SR FQ-D1 in this Standard embodies the requirements of HLR-QNS-B and its SRs in/the prior
versions.
FQ{D2 No commentary provided.
Table 4-A.2.10-6 Commentary to Supporting Requirements for HLR-FQ-E
Irjdex No.
FQ-E Commentary
FQ{E1 There is no requirement for a comparison of internal fire PRA results for similar plants under this SR FQ-
E1, due to lack of publicly available internal fire PRA results. Additionally, small differences in geometry,
plant layout, and the Fire Safe Shutdown Procedures indy result in significant differences in risk that may
be difficult to understand without detailed internal fite PRA results from plants being compared.
Table 4-A.2.10-7 Commentary te'Supporting Requirements for HLR-FQ-F
Irjdex No.
FQ-F Commentary
FQ-F1 In prior versions of this Standdrd [4-A-10], Part 4 included a technical element called Uncertainty and
Sensitivity Analysis. In thi§ Standard, the Uncertainty and Sensitivity Analysis technical element has
been eliminated and the requirements for uncertainty have been incorporated into the Internal Fire Risk
Quantification technieal*element via HLR-FQ-F.
FQ{F2 No commentary/provided.
Table'4-A.2.10-8 Commentary to Supporting Requirements for HLR-FQ-G
Irfdex No.
FO-G Commentary
FO{G1 No commentary provided.
FQ{LG2 No commentary provided.
FQ’ 3 I\IU CUIITT lUlli.Clly lJlUV iL‘lCL‘l.
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PART 5
EVENTS FOR AT-POWER PRA

Section 5-1
Overview of Seismic PRA Requirements At-Power

5-111 PRA SCOPE

This Part states technical requirements for a Level 1 core damageAréquency (CDF) analysis and a large early

reldase frequency (LERF) analysis of seismic events while at-power.

5-1,2 COORDINATION WITH OTHER PARTS

OF THIS STANDARD

This Part is intended to be used with other Parts of thisStandard (Part 1, Part 2, Part 3, Part 4, and Part 8). An inter-

nalfevents for at-power operation PRA developed in ageprdance with Part 2 is the starting point for the development
of the seismic-induced accident-sequence model.

(The text presented in blue font in this Standard comprise hyperlinks to enable efficient access
to referenced sections and elements, requirements, notes, references, etc.)
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Section 5-2
Seismic At-Power Technical Elements and Requirements

The technical requirements for seismic PRA (SPRA)
have been developed based on a wealth of experience
of more than 30 years. This experience includes a large
number of full-scope SPRAs for nuclear power plants
and a large number of methodology guidance docu-
ments and methodology reviews. The major PRA tech-
nical elements of an SPRA are

(a) Seismic Hazard Analysis (SHA)

(b) Seismic Fragility Analysis (SFR)

(c) Seismic Plant Response Analysis (SPR)

The technical requirements for each of these are given
in the following subsections.

SPRA is an integrated activity requiring close interac-
tions among specialists from different fields (e.g., hazard
analysis, systems analysis, and fragility analysis). For
this reason, it is important that all members of the SPRA
team be cognizant of all of the Supporting Requirements
(SRs) in this Part, not just those in their area of exper-
tise, and understand the interactions required between
the elements. This understanding of this Standard will
promote consistency among similar PRAs and risk-in-
formed applications and will also promote reasonable-
ness in the numerical results and risk insights.

5-2.1 SEISMIC HAZARD ANALYSIS (SHA)
5-2.1.1 Objectives

The objectives of the Seismic Hazard Analysis are to

(a) perform site-specific Seismic Hazard Analysis to
evaluate the range of seismiq vibratory ground motion
of interest to the SPRA

50il
ced
for

(b) identify secondary hazards (e.g., landslides,
liquefaction, soil settlement, and earthquake=indu
external flooding) and develop hazard“analysis
those that do not screen from further consideration

(c) identify, evaluate, and quantify"associated un
tainties

(d) document the Seismic Hazard Analysis to j
vide traceability of the work

The requirements described in Section 5-2.1 add
these objectives in ,detail. Seismic Hazard Anal
encompasses all aspects of hazard analysis and incly
assessment of vibratory ground motions, as well a
secondary hazards induced by the ground motions |the
potential for fault rupture, and site response. Vibrafory
ground<motions include both horizontal and verfical
compenents. A probabilistic seismic hazard analjsis
(PSHA) is used to assess horizontal ground motionis at
the'site. Site response analyses must also be addregsed
in Seismic Hazard Analysis for nonrock sites and nay
be directly incorporated into the PSHA analysis.

This Part covers ground motions that arise from hat-
ural tectonic processes and does not include nonstatjon-
ary seismicity induced or triggered by human activities
(e.g., hydraulic fracturing and wastewater injectipn).
Induced seismicity should be evaluated and, as apjpro-
priate, screened out using the requirements in Part p or
a hazard model developed using the requirementf in
Part 9.

The aforementioned objectives form the basis for
nine High Level Requirements (HLRs) for Seismic H
ard Analysis stated in Table 5-2.1-1.
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Table 5-2.1-1 High Level Requirements for Seismic Probabilistic Risk Assessment:
Technical Requirements for Seismic Hazard Analysis (SHA)

Designator Requirement

HLR-SHA-A The basis for the calculation of the frequencies of exceeding different levels of seismic horizontal
vibratory ground motion at the site shall be a site-specific PSHA that represents the center, body, and
range of the technically defensible interpretations.

HILJR-SHA-B Inputs to the PSHA shall include characterization of uncertainty and shall be based on current
geological, seismological, and geophysical data; local site topography; and surficial geologic and
geotechnical site properties. A catalog of historical, instrumental, and paleoseismic information'shall
be compiled. Available models and methods shall be compiled.

HLR-SHA-C To assess the frequency of exceedance of seismic ground motion levels in the site region,the PSHA
shall examine all credible sources of potentially damaging earthquakes. Uncertaintie§ix the seismic
source characterization shall be identified and addressed.

HLR-SHA-D The PSHA shall include a ground motion characterization (GMC) model that detefmines the range

of seismic horizontal vibratory ground motion that can occur at a site given the"occurrence of an
earthquake at a specific location and of a certain type (e.g., strike slip, normal, reverse) and magnitude.
Uncertainties in characterizing the ground motion propagation shall be idéntified and included.

HLR-SHA-E The Seismic Hazard Analysis shall include the effects of local site zesponse. Uncertainties in
characterizing the local site response analysis shall be identified(and included.

HLR-SHA-F Aleatory and epistemic uncertainty in each step of the hazafd analysis shall be propagated in the
final quantification of hazard estimates for the site.

HLR-SHA-G For further use in the Seismic Fragility Analysis, the spactral shape shall be based on site-specific
evaluation that considers or incorporates the resulfs/0f'the hazard analysis.

HLR-SHA-H An evaluation shall be performed to assess whethier, in addition to the vibratory ground motion,
other seismic hazards need to be included in the SPRA.

HLR-SHA-I The documentation of the hazard analysis'shall provide traceability of the work.

Table 5-2.1-2 Supporting Requirements for HLR-SHA-A
Thebasis for the calculation of the frequencies efexceeding different levels of seismic horizontal vibratory ground motion

at the site shall be a site-specific PSHA that-represents the center, body, and range of the technically defensible interpreta-
tior}s (HLR-SHA-A).

Irjdex No.
$HA-A Capability Category I Capability Category II

SHA-A1 USE a defined process to develop the PSHA model to ensure that the PSHA represents the center, body;,
and range ©Ofthe technically defensible interpretations in accordance with the requirement in Section 1-4.

SHA-A2 USE thespectral acceleration (Sa), the average Sa over a selected band of frequencies, or the peak ground
acceleration as the parameter to characterize both hazards and fragilities.

SHA-A3 ENSURE that the ground motion parameter(s) and range of frequencies selected for the PSHA are
consistent with the ground motion parameter(s) needed for subsequent fragility and plant-response
analysis (see SR SPR-E1).

SHA-A4 In developing the PSHA results for use in accident-sequence quantification (whether characterized by Sa,
peak ground acceleration, or both), EXTEND the range of ground motion levels considered to be large

enough values (consistent with available earth science data and interpretations) such that the truncation
does not distort final numerical results (e.g., on parameters such as CDF and LERF) and the delineation
and ranking of seismic-induced sequences are not distorted.

SHA-A5 JUSTIFY the specified lower-bound magnitude for use in the hazard analysis, such that earthquakes of
magnitudes less than this value are not expected to cause significant damage to the engineered structures
or equipment.

SHA-A6 JUSTIFY the specified number of standard deviations from the median of the ground motion value (e.g.,
Sa) to be included in the analysis of the Ground Motion Prediction Equation (GMPE) such that aleatory
variability in the ground motion prediction is properly modeled.
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Table 5-2.1-3 Supporting Requirements for HLR-SHA-B
Inputs to the PSHA shall include characterization of uncertainty and shall be based on current geological, seismologi-
cal, and geophysical data; local site topography; and surficial geologic and geotechnical site properties. A catalog of his-

torical, instrumental, and paleoseismic information shall be compiled. Available models and methods shall be compiled
(HLR-SHA-B).

Index No.
SHA-B Capability Category I Capability Category I1

SHA-B1 In performing the PSHA, USE current geological, seismological, geophysical, and geotechnical data tHat
are used by subject matter experts/analysts to develop interpretations and inputs to the PSHA.

SHA-B2 ENSURE that the size of the region to be investigated and the data and information used ane adequatq to
characterize all credible seismic sources that may be significant contributors to the seismic hazard at the
site and the uncertainties associated with the hazard results.

SHA-B3 ENSURE that the data and information are sufficient to characterize attributes significant for
modeling both regional propagation of ground motions and local site effects in€luding their associatedl
uncertainties.

SHA-B4 ENSURE that new data, models, methods, and interpretations that werequnknown when the existing
models were developed or not previously used and that could affect an existing PSHA are identified gnd
compiled.

SHA-B5 USE a compiled catalog of historically reported earthquakes, instrumentally recorded earthquakes, anid
earthquakes identified through geological investigations in performing the PSHA.

Table 5-2.1-4 Supporting Requiréments for HLR-SHA-C
To assess the frequency of exceedance of seismic ground motign‘levels in the site region, the PSHA shall examine all cfed-

ible sources of potentially damaging earthquakes. Uncertainties in the seismic source characterization shall be identified
and addressed (HLR-SHA-C).

Index No.
SHA-C Capability Category. L Capability Category II

SHA-C1 In the PSHA, IDENTIFY sources of earthquakes that have the potential to be significant contributors tp
the seismic hazard at the site.

SHA-C2 USE a structured appreachto characterize seismic sources using the information compiled in accordafce
with HLR-SHA-A and\HLR-SHA-B.

SHA-C3 USE a structured.approach to identify and include sources of uncertainty in the modeling of the seisnyic
sources.

SHA-C4 If an existing-seismic source model is used, DEMONSTRATE that new seismic sources, models, and
methods\unknown when the existing models were developed or not previously used are included in the
center,body, and range of the existing model and do not challenge the technical validity of the existing
maodel.

SHA-C5 If-an existing seismic source model is updated for use in the PSHA, JUSTIFY the level and method of
analysis used in the update of the model.
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Table 5-2.1-5 Supporting Requirements for HLR-SHA-D

The PSHA shall include a GMC model that determines the range of seismic horizontal vibratory ground motion that can
occur at a site given the occurrence of an earthquake at a specific location and of a certain type (e.g., strike slip, normal,
reverse) and magnitude. Uncertainties in characterizing the ground motion propagation shall be identified and included

(HLR-SHA-D).
Index No.
SHA-D Capability Category I Capability Category II
SHA-D1 In the GMC model that determines the range of seismic vibratory ground motion that can occur at a site,

INCLUDE

(a) credible mechanisms governing estimates of vibratory ground motion that can occur at a site

(b) areview of available historical and instrumental seismicity data (including strong motion data) to
assess and calibrate the model

(c) criteria for selection of (existing and /or newly developed) GMPEs for the ground motion estimates
(d) reference soil or rock horizon (defined by shear wave velocity, density, and dampifng¥alues)

SHA-D2 ENSURE that the process used to characterize the ground motion or the other elemefits of the ground
motion analysis is compatible with the level of analysis discussed in HLR-SHA=A?

SHA-D3 ENSURE that uncertainties are included in the model such that the aggregate of predicted ground motion
captures the range of ground motions that can occur at a site in accordanée’with the level of analysis
identified for HLR-SHA-A and the data and information identified in HI\R-SHA-B.

SHA-D4 If existing ground motion models are used, DEMONSTRATE that gvailable new data, models, methods,

and information unknown when the existing models were developed or not previously used would not
significantly distort the PSHA ground motion results or INCLUDE new ground motion data, models,
methods, and information in the update of the PSHA.

Table 5-2.1-6 Supporting Requirements for HLR-SHA-E

The Seismic Hazard Analysis shall include the effects of local site response. Uncertainties in characterizing the local site
respponse analysis shall be identified and included (HLR-SHA-E).

Irjdex No.
SHA-E Capability Category 1 Capability Category II

SHA-E1 In the Seismic Hazard Analysis, INCLUDE the effects of site topography, surficial geologic deposits, and
site geotechnical properties-oirground motions at the site.

SHA-E2 INCLUDE uncertainties in the local site response analysis.

SHA-E3 JUSTIFY the approackitised to incorporate the site response analysis into the hazard analysis (e.g.,
sources of soils and.rock material properties used in the analysis, uncertainties in site characterization
and material properties, data to identify the depth to bedrock, appropriateness of one- two- or three-
dimensional.analysis in relation to the site stratigraphy).
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Table 5-2.1-7 Supporting Requirements for HLR-SHA-F

Aleatory and epistemic uncertainty in each step of the hazard analysis shall be propagated in the final quantification of
hazard estimates for the site (HLR-SHA-F).

Index No.
SHA-F

Capability Category I Capability Category II

SHA-F1

CALCULATE the following results as a part of the hazard quantification process, compatible with

thefevetof amatysisdetermimed T HER=STAAT

(a) fractile and mean hazard curves for each ground motion parameter included in the PSHA
(b) uniform hazard response spectra at hazard exceedance frequencies of interest

(c) magnitude-distance deaggregation for the mean hazard

(d) seismic source deaggregation

(e) ground motion model deaggregation

(f) mean magnitude and distance

SHA-F2

CALCULATE seismic-hazard results that are required as input to the SPRA quantification (e.g.,

calculation of seismic core damage frequency (SCDF) and seismic large early reléase frequency (SLERF

per HLR-SPR-E), including results from the PSHA, analysis of vertical motiorns) and analysis of
secondary seismic hazards.

SHA-F3

By performing sensitivity studies, IDENTIFY the sources of modeling uncertainty in the PSHA that m|
distort the hazard results.

Ry

SHA-F4

By performing sensitivity studies, IDENTIFY the sources of epistemic uncertainty in the assessment
of vertical motions, the site response analysis, and the evaluation of secondary hazards performed in
SR SHA-H3 that may distort the quantification results as dis¢ussed in SR SPR-ES.

Table 5-2.1-8 Supporting Requirements for HLR-SHA-G

For further use in the Seismic Fragility Analysis, the spectralshape shall be based on site-specific evaluation that consi
or incorporates the results of the hazard analysis (HLR-SHA*G).

lers

Index No.
SHA-G Capability Category-I Capability Category II
SHA-G1 ENSURE that the horizontal response spectral shape determined in the Seismic Hazard Analysis is
based on site-specific evaluations and uses or bounds the characteristic spectral shapes associated with
the mean magnitude and'distance pairs determined in the Seismic Hazard Analysis for the significant
ground motion levels.
SHA-G2 DEMONSTRATE that the methods for determining vertical spectra are appropriate given the current

state of knowledge.
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Table 5-2.1-9 Supporting Requirements for HLR-SHA-H

An evaluation shall be performed to assess whether, in addition to the vibratory ground motion, other seismic hazards
need to be included in the SPRA (HLR-SHA-H).

Index No.

SHA-H

Capability Category I Capability Category II

SHA-H1

IDENTIFY fault dlsplacement and secondary seismic hazards associated with Vlbratory ground motion

10T IIlt! blU:,' (€. g ld[l(,lbllbleb, bUll 11(1thfIdLIlUIl, bUll be[[lt!llltfll[, dIlLl edrruqucu(e IIIUULEU BXIC[Ildl uuouulg)

SH/

\-H2

JUSTIFY the screening out of seismic hazards identified by SR SHA-H1 (e.g., based on demonstrably:
conservative assessments) using SCR-2 or SCR-3 from Table 1-1.8-1.

SH/

\-H3

For non-flooding-related seismic hazards that are not screened out in SR SHA-H2, CALCULATE the
frequency of levels of hazard parameters used to define the fragility for failure mechanismsof seismic
equipment list (SEL) items that may be impacted.

SH

\-H4

For earthquake-induced external flooding hazards that are not screened out in SR SHA-H2, SATISFY the
applicable requirements of HLR-XFHA-A, HLR-XFHA-B, HLR-XFHA-C, HLR-XFHA-D, HLR-XFHA-E,
HLR-XFHA-F, and HLR-XFHA-G in Part 8 in calculating the frequency of hazard parameters necessary
to define the fragility for failure mechanisms of SEL items that may be impacted.

The

Table 5-2.1-10 Supporting Requirements fofHLR-SHA-I

documentation of the hazard analysis shall provide traceability of the work"(HLR-SHA-I).

dex No.

SHA-I

Capability Category I Capability Category II

SH/

\-11

DOCUMENT the process used in the Seismic Hazatd’Analysis specifying what is used as input, the
applied methods, and the results. Address the fdllowing and other details needed to fully document how
the set of SRs is satisfied:

(a) the data and information that form thebasis and input for the evaluations carried out to develop the
PSHA inputs, including the seismic souree characterization, the GMC, and the site response

(b) the PSHA model structure

(c) the structured processes used ‘to-ensure that the center, body, and range of technically defensible
interpretations have been considered

(d) the specific methods used\fer source characterization, GMC, and local site response analysis

(e) the scientific interpretations that are the basis for the PSHA inputs and results

(f) the process to ensure that an existing PSHA, if used, meets the requirements herein

(g) the methods for'determining vertical spectra

(h) the set of seconddry seismic hazards identified in SR SHA-H1

(i) the methods\for screening and incorporating secondary seismic hazards

(j) the results of the hazard analyses consistent with HLR-SHA-F

SH

h-12

DOCUMENT the sources of model uncertainty within the Seismic Hazard Analysis hazard models,
related ‘assumptions, and reasonable alternatives associated with the Seismic Hazard Analysis identified
in $RSHA-F3 and SR SHA-F4.
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5-2.2 SEISMIC FRAGILITY ANALYSIS (SFR)

The seismic fragility of a structure, system, or component (S5C) is defined as the conditional probability of its fail-
ure at a given value of a seismic motion parameter (e.g., Sa, average Sa over a selected band of frequencies, or peak
ground acceleration).

5-2.2.1 Objectives

The objectives of the Seismic Fragility Analysis are to

(a) develop seismic-fragility information for all the SSCs in the model

(b) ensure fragilities for the risk-significant contributors to SCDF and/or SLERF are realistic and plant spégific
and incorporate the data and findings of walkdown(s) in the plant

(c) identify, evaluate, and quantify associated uncertainties

(d) document the Seismic Fragility Analysis to provide traceability of the work

The aforementioned objectives form the basis for the six HLRs for fragility analysis stated in Table 5-2.2-1.

Table 5-2.2-1 High Level Requirements for Seismic Probabilistic Risk Assessment:Technical Requirements
for Seismic Fragility Analysis (SFR)

Designator Requirement
HLR-SFR-A The Seismic Fragility Analysis shall address seismic fragilitieS)of SSCs whose failure may contribiite
to core damage or large early release.
HLR-SFR-B The Seismic Fragility Analysis shall be based on a seismic response that the SSCs experience at
failure.
HLR-SFR-C The basis and methodologies used to establish'the fragility threshold for SSCs shall be defined.
HLR-SFR-D The Seismic Fragility Analysis shall incorpetate the data and findings of walkdown(s) of the plan} to

establish or confirm as-built, as-operated conditions.

HLR-SFR-E The Seismic Fragility Analysis shall be performed for relevant failure mechanisms affecting the
failure modes modeled in the plaritsresponse analysis.

HLR-SFR-F The documentation of the Seismic Fragility Analysis shall provide traceability of the work.

Table 5{2.2-2 Supporting Requirements for HLR-SFR-A

The Seismic Fragility Analysis shall’address seismic fragilities of SSCs whose failure may contribute to core damagp or
large early release (HLR-SFR-A)!

Index No.
SFR-A Capability Category I Capability Category II

SFR-A1 INCLUDE in the scope of the fragility analysis those SSCs and associated failure modes identified by
the\plant-response analysis (see HLR-SPR-C).

SFR-A2 INCLUDE information relevant to modeling of fragility correlation of SSCs and its basis (e.g., similarify
of component construction, location and orientation, and in-structure seismic demand) to support SR
SPR-B4.
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Table 5-2.2-3 Supporting Requirements for HLR-SFR-B
The Seismic Fragility Analysis shall be based on a seismic response that the SSCs experience at failure (HLR-SFR-B).

Index No.
SFR-B Capability Category I Capability Category II

SFR-B1 ESTIMATE seismic response for use in fragility CALCULATE realistic seismic response for use
evaluation of the SSCs using the earthquake in fragility evaluation of the SSCs using the
reprIlbe bpt‘Ltrd b}ldpe\b) ITOITL HLI\—DHA—\J iIl earthqudke rebponbe bPELU."d b}ldpt‘\b} ITOITL TN
three orthogonal directions and JUSTIFY that any SHA-G in three orthogonal directions and JUSTIFY,
approximations are conservative and appropriate that any approximations are appropriate for the
for the plant. plant and do not significantly distort the overall

SPRA results (e.g., provide a basis for scaling
response from one ground motion level\to another).

SFR-B2 If scaling of existing response analysis is used, JUSTIFY it based on the adequacy of structural models,
foundation characteristics, and similarity of input ground motion.

SFR-B3 USE realistic mathematical structural models to represent the three-dimensional dynamic characteristics
of the building structures (e.g., consider stiffness, mass, damping, stress state, directional coupling,
rotational inertia, center of mass, discretization, modal frequency response, torsional effects, diaphragm
flexibility, structural coupling) for seismic response calculations.

SFR-B4 If median-centered response analysis is If median-centered'response analysis is performed,
performed, ESTIMATE the median response (i.e., CALCULATE, thé median response (i.e., structural
structural loads and floor response spectra) and loads and floor response spectra) and variability in
variability in the response. the response.

SFR-B5 If soil-structure interaction (SSI) effects are If SST'effects are significant to structural response,
considered, ESTIMATE median-centered SSI CALCULATE median-centered SSI response and
response and associated uncertainty based on soil associated uncertainty using site-specific, strain-
properties consistent with site conditions. compatible soil properties

SFR-B6 If probabilistic response analysis is performedite calculate structural loads and floor response spectra,
ENSURE that the number of simulations (e.g., Monte Carlo simulation or Latin Hypercube Sampling) is
large enough to calculate stable responses:

Table 5-2.2-4. (Supporting Requirements for HLR-SFR-C
The basis and methodologies used to establish the fragility threshold for SSCs shall be defined (HLR-SFR-C).
Irfdex No.
SFR-C Capability Category I Capability Category II

SFR-C1 SPECIFY the basisfor defining inherently rugged components.

SFR-C2 SPECIFY thebdsis and methodologies established for achieving the fragility threshold defined in SR
SPR-B5.
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Table 5-2.2-5 Supporting Requirements for HLR-SFR-D

The Seismic Fragility Analysis shall incorporate the data and findings of walkdown(s) of the plant to establish or confirm
as-built, as-operated conditions (HLR-SFR-D).

Index No.
SFR-D Capability Category I Capability Category II

SFR-D1 CONFIRM that SSCs and associated anchorage that are assigned fragility threshold values satisfy the
basesdefimed T HER=SFR=C:

SFR-D2 EVALUATE the seismic capacity of the as-designed, as-built, and as-operated plant conditions via
walkdown.

SFR-D3 IDENTIFY seismic vulnerabilities in a manner IDENTIFY seismic vulnerabilities in‘aimanner that
that ensures the seismic-fragility estimations in SR~ ensures the seismic-fragility calculations in SR
SFR-E2 are conservative. SFR-E2 are realistic and plant §pecific.

SFR-D4 EVALUATE potential functional and structural failure mechanisms, equipment anghorage, and suppdrt
load path.

SFR-D5 IDENTIFY credible seismic-induced failures (including spray) for the flood-sotrces provided in SR
SPR-C3.

SFR-D6 IDENTIFY credible seismic-induced failures for the fire ignition sourcés’provided in SR SPR-C4.

SFR-D7 IDENTIFY potential damaging seismic interactions that are credible and may compromise the SSCs’

intended functions (see SR SPR-C6) or human actions (see SR SPR-D5).

Table 5-2.2-6 Supporting Requirements for HLR-SFR-E

The Seismic Fragility Analysis shall be performed for relevant failire mechanisms affecting the failure modes modele

the plant-response analysis (HLR-SFR-E).

H in

Index No.
SFR-E Capability Category I Capability Category II
SFR-E1 For those failure modes identified ifvSR For those failure modes identified in SR SPR-C§
SPR-C6, IDENTIFY conservativeybounding that are risk significant, IDENTIFY relevant
failure mechanisms of structures (e.g., sliding, and realistic failure mechanisms of structures
overturning, yielding, and(excessive drift), (e.g., sliding, overturning, yielding, and
equipment (e.g., anchegtage failure, functional excessive drift), equipment (e.g., anchorage
failure, impact with adjacent equipment or failure, functional failure, impact with adjacent
structures, and braging failure), and soil (e.g., equipment or structures, and bracing failure),
liquefaction, slope instability, and excessive and soil (e.g., liquefaction, slope instability, and
differential éetflement) (see SR SFR-D2, excessive differential settlement). For non-risk-
SR SFR-123, and SR SFR-D4). significant failure modes, use the requirements
of Capability Category I (CC-I) (see SR SFR-D2,
SR SFR-D3, and SR SFR-D4).
SFR-E2 ESTIMATE conservative seismic fragilities for CALCULATE realistic seismic fragilities for the

the failure mechanisms of interest identified in
SR SFR-E1 using plant-specific data or JUSTIFY
the use of generic fragility data (e.g., fragility

test data, generic seismic qualification test data,
and earthquake experience data) or conservative
assumptions for the SSCs as being appropriate for

failure mechanisms of interest identified in SR

SFR-E1 using plant-specific data or JUSTIFY (e.g.

through the calculation of SCDF and SLERF per

HLR-SPR-E) the use of generic fragility data (e.g.

fragility test data, generic seismic qualification

N

N

test data, and earthquake experience data) or

the plant.

conservative assumptions for any 55Cs as being
appropriate for the plant or by showing no
masking or differences in insights.
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Table 5-2.2-6 Supporting Requirements for HLR-SFR-E (Cont’d)

The Seismic Fragility Analysis shall be performed for relevant failure mechanisms affecting the failure modes modeled in
the plant-response analysis (HLR-SFR-E).

Index No.
SFR-E Capability Category I Capability Category II
SFR-E3 ESTIMATE contact-chatter seismic fragilities for CALCULATE contact-chatter seismic fragilities
Telays and other simitar devices thataffect SSCs Using pramnt=specific dataor JOSTiF Y theuseof
identified in the systems analysis (see SR SPR-B6).  generic fragility data for relays and other similax
devices that affect risk-significant SSCs and that afe
identified in the systems analysis (see SR SPR;B6).
SFR-E4 ESTIMATE seismic fragilities for credible seismic- =~ CALCULATE seismic fragilities using plant-
induced flood sources (see SR SFR-D5) and seismic- specific data or JUSTIFY the use of generic fragility
induced fire ignition sources (see SR SFR-D6). data for credible seismic-induced flped sources
(see SR SFR-D5) and seismic-induced fire ignition
sources (see SR SFR-D6) that afe risk-significant
contributors.
SFR-E5 IDENTIFY the sources of uncertainty, the related assumptions, and reasonablgralternatives of the Seismic
Fragility Analysis in a manner that supports the applicable requirements©f SR SPR-ES.

Table 5-2.2-7 Supporting Requirements for HLR-SFR-F

The documentation of the Seismic Fragility Analysis shall provide traceability of the work (HLR-SFR-F).

Irfdex No.

SFR-F Capability Category I

Capability Category II

SFR-F1

the set of SRs are satisfied:
(a) seismic response analysis

(c) walkdown procedures
(f) review of design docurients

(h) method of capacity evaluation

(j) fragility correlation

DOCUMENT the process used in the Seismic Fragility Analysis specifying what is used as input, the
applied methods, and the results. Address thefollowing and other details needed to fully document how
(b) inherently rugged and fragility thréshold methodology

(d) walkdown team composition and member qualification
(e) walkdown observations and, conclusions

(g) identification of relevant failure mechanisms for each SSC
(i) estimation or qalgulation of fragility parameter values for each SSC modeled (median capacity,

logarithmic standard deviation representing the randomness in median capacity, and logarithmic
standard devjatien representing the uncertainty in median capacity), and sources of information

SFR-F2

DOCUMENT the sources of model uncertainty, related assumptions, and reasonable alternatives
asso¢iated with the Seismic Fragility Analysis that are identified in SR SFR-E5.

5-2.3 ~SEISMIC PLANT RESPONSE ANALYSIS (SPR)
5-2|3.1"Objectives

(c) integrate the Seismic Hazard Analysis and the
Seismic Fragility Analysis with the Seismic Plant Re-

The primary objectives of the Seismic Plant Response
Analysis are to

(a) develop a plant-response model that includes
seismically induced initiating events and other failures
and the plant’s response to them

(b) develop accident sequences based on the plant
configuration and the initiating events and failures

DIJUI 15T Al lCl}y Dib ;.U \.1ucu l‘llf}’ ‘L} < DCiDllliL }J}(lll'l.'lcbklul [t]4
model, that is, to estimate the frequency of reaching the
undesired end states of core damage or a large early
release

(d) identify risk-significant contributors to SCDF and
SLERF

(e) assess the impact of analysis limitations and un-
certainties on the results
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(f) document the Seismic Plant Response Analysis to
provide traceability of the work

The following items are assumed:

(a) Relative to the systems-analysis requirements con-
tained herein, the SPRA analysis team possesses a full-
scope, internal-events at-power, Level 1 and LERF PRA,
developed either before or concurrently with the SPRA.

(c) Itis recognized that the capability and complete-
ness of the SPRA is a function of the capability and com-
pleteness of the internal-events at-power PRA.

If these assumptions are not valid, then such an inter-
nal-events PRA generally would be needed before the
SPRA systems-analysis work could proceed.

The aforementioned objectives form the basis for the

(b) The mternal-events PRA 15 then used as the basis
for the SPRA systems analysis.

SIx HLKs for Seismic Plant Response Analysis statefl in
Table 5-2.3-1.

Table 5-2.3-1 High Level Requirements for Seismic Probabilistic Risk Assessment:

Technical Requirements for Seismic Plant Response Analysis (SPR)

Designator Requirement

HLR-SPR-A The seismic plant-response model shall include seismically induced initiating events that cause risk-
significant accident sequences and/or risk-significant accident-progression sequences.

HLR-SPR-B The seismic plant-response model shall include seismic-induced §SC failures, non-seismic-inducgd
SSC failures, unavailabilities, human errors, and multi-unit effects that can lead to core damage of
large early release.

HLR-SPR-C The list of SSCs selected for Seismic Fragility Analysisshall include the SSCs that contribute to
accident sequences included in the seismic plant-reSponse model.

HLR-SPR-D Human actions credited in the Seismic Plant Response Analysis shall consider seismic-specific
challenges to human performance.

HLR-SPR-E The analysis to quantify CDF and LERF shall integrate the Seismic Hazard Analysis, the Seismic
Fragility Analysis, and the Seismic PlaniResponse Analysis, including uncertainties.

HLR-SPR-F The documentation of the Seismic Plant Response Analysis shall provide traceability of the work pnd

interpretation of the risk profile for the plant.

The seismic plant-response model shdll jhclude seismically induced initiating events that cause risk-significant accig

Table 5-2.3<2" Supporting Requirements for HLR-SPR-A

lent

sequences and/or risk-significant actident-progression sequences (HLR-SPR-A).

Index No.

SPR-A Capability Category I

Capability Category II

SPR-A1

ATWS)].

By using\a systematic process and a review of relevant industry experience, IDENTIFY seismically
inducéd.initiating events caused directly by the seismic event [e.g., loss of off-site power (LOOP), loss
of eoolant accident (LOCA), LOOP-LOCA, LOCA followed by an anticipated transient without scram

SPR-A2

By using a systematic process and a review of relevant industry experience, IDENTIFY seismically
induced hazard events resulting from secondary hazards (e.g., seismically induced internal flooding,
external flooding, and fire ignition sources) including those identified in HLR-SHA-H that can
themselves induce initiating events or fail SSCs modeled in the SPRA.

SPR-A3

ENSURE that the initiating events included in the Seismic Plant Response Analysis represent industryj

experience (e.g., through review ot plant-specitic response to past seismic events, as well as other
available seismic risk evaluations for nuclear plants).

SPR-A4

progression sequences.

INCLUDE in the seismic plant-response model the initiating events identified in SR SPR-A1, SR
SPR-A2, and SR SPR-A3 that cause risk-significant accident-sequences and/or risk-significant accident
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Table 5-2.3-3 Supporting Requirements for HLR-SPR-B
The seismic plant-response model shall include seismic-induced SSC failures, non-seismic-induced SSC failures, unavail-
abilities, human errors, and multi-unit effects that can lead to core damage or large early release (HLR-SPR-B).

Index No.
SPR-B Capability Category I Capability Category II

SPR-B1 USE the accident sequences and the systems logic model from the internal-event at-power PRA model as
thebasisforthe SPRA pramt=resporse modet:

SPR-B2 ENSURE that significant deficiencies identified during peer review for the internal events and other
hazard PRAs that are relevant to the results of the SPRA are resolved and incorporated into the
development of the SPRA plant-response model.

SPR-B3 INCLUDE seismically induced failures corresponding to the failure modes of interest in the SRRA plant-
response model (e.g., tank rupture, pump failure to start/run) (see SR SPR-C6).

SPR-B4 MODEL the fragility correlation of seismically induced SSC failures consistently with information
provided in SR SFR-A2. JUSTIFY the correlation approach used (e.g., by performing'éensitivity studies to
assess the contribution to the risk results).

SPR-B5 DEFINE a fragility threshold that, when integrated with the hazard, satisfies'S€R-2 in Table 1-1.8-1.

SPH-B6 Using a systematic process, INCLUDE in the system analysis the effectsw@fthose relays or similar devices
whose contact chatter results in the unavailability or spurious actuatieniof SSCs that are risk-significant
contributors.

SPR-B7 ASSESS the safe and stable end state of the seismic- ASSESS thesafe and stable end state of the seismic-
induced accident sequences. SATISFY SR SC-A5 inducéd accident sequences. SATISFY SR SC-A5
in Part 2 at CC-I for Success Criteria, except where  in Rar} 2 at Capability Category II (CC-II) for
the requirements are not applicable, to confirm Success Criteria, except where the requirements are
that sustained impacts on plant accessibility and not applicable, to confirm that sustained impacts
emergency response capability do not invalidate on plant accessibility and emergency response
the assumed mission time. capability do not invalidate the assumed mission

time.

SPR-B8 If new logic is added to the SPRA (e.g., new: If new logic is added to the SPRA (e.g., new system
system modeling, new or modified accident modeling, new or modified accident sequences),
sequences), SATISFY HLR-AS-A andhHLR-AS-B SATISFY HLR-AS-A and HLR-AS-B for accident-
for accident-sequence analysis; HLR-5C-A and sequence analysis; HLR-SC-A and HLR-SC-B for
HLR-SC-B for Success Criteria@nalysis; HLR- Success Criteria analysis; HLR-SY-A and HLR-SY-B
SY-A and HLR-SY-B for Systems Analysis; HLR- for Systems Analysis; HLR-DA-A, HLR-DA-B,
DA-A, HLR-DA-B, HLR-DAZC, and HLR-DA-D HLR-DA-C, and HLR-DA-D for Data Analysis;
for Data Analysis; and\WLR-HR-D for Human and HLR-HR-D for Human Reliability Analysis
Reliability Analysis{(specifically for pre-initiators) (specifically for pre-initiators) in Part 2 at CC-II
in Part 2 at CC-Ifexcept where the requirements except where the requirements are not applicable.
are not applieable:

SPR-B9 For any seismic-induced internal flood For any seismic-induced internal flood retained in
retained\in' the SPRA, SATISFY HLR-IFSN-A the SPRA, SATISFY HLR-IFSN-A and SR IFQU-A1,
and.SRIFQU-A1, SR IFQU-A2, SR IFQU-A3, SR IFQU-A2, SR IFQU-A3, and SR IFQU-A4 for
andSR IFQU-A4 for Internal Flood Scenario Internal Flood Scenario Development in Part 3
Development in Part 3 at CC-I except where the at CC-II except where the requirements are not
requirements are not applicable. applicable.

SPR-B10 For any seismic-induced fire ignition source For any seismic-induced fire ignition source
retained in the SPRA, SATISFY HLR-PRM-A retained in the SPRA, SATISFY HLR-PRM-A and
and HI R-PRM-B for the Internal Fire Plant HI R-PRM-B for the Internal Fire Plant Response

Response Model in Part 4 at CC-I except where
the requirements are not applicable.

Model in Part 4 at CC-II except where the
requirements are not applicable
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Table 5-2.3-3 Supporting Requirements for HLR-SPR-B (Cont’d)

The seismic plant-response model shall include seismic-induced SSC failures, non-seismic-induced SSC failures, unavail-
abilities, human errors, and multi-unit effects that can lead to core damage or large early release (HLR-SPR-B).

Index No.
SPR-B Capability Category I Capability Category II

SPR-B11 For any seismic-induced external flooding hazards  For any seismic-induced external flooding
eXpiicitty Tetaimed i the SPRA; SATISFY HER= trazardsexplicitty Tetaired i the SPRA; SATISHY
XFHA-B; HLR-XFFR-A, HLR-XFFR-B, HLR- HLR-XFHA-A and HLR-XFHA-B; HLR-XFER{4,
XFFR-C, and HLR-XFFR-D; and HLR-XFPR-A, HLR-XFFR-B, HLR-XFFR-C, and HLR-XEFEFRVD;
HLR-XFPR-B, HLR-XFPR-C, HLR-XFPR-D, and HLR-XFPR-A, HLR-XFPR-B, HLR-XEPR-C
and HLR-XFPR-E for external flood scenario HLR-XFPR-D, and HLR-XFPR-E for external flood
development in Part 8 at CC-I except where the scenario development in Part 8 at CC-II except
requirements are not applicable. where the requirements are notapplicable.

SPR-B12 For all other secondary hazards explicitly For all other secondary hazards explicitly retained
retained in the SPRA, SATISFY SR XFR-A4, in the SPRA, SATISFY SR'XFR-A4, SR XFR-A5,
SR XFR-A5, and HLR-XPR-B for scenario and HLR-XPR-B for scehario development in Pqrt
development in Part 9 at CC-I except where the 9 at CC-II except wheré the requirements are nof
requirements are not applicable. applicable.

SPR-B13 For multi-unit sites, ENSURE that the multi-unit impacts of a seismi¢\évent are captured in the seismi¢

plant-response model as appropriate.

The list of SSCs selected for Seismic Fragility Analysis shall include the SSCs that contribute to accident sequences inclul
in the seismic plant-response model (HLR-SPR-C).

Table 5-2.3-4 Supporting Requirements for HLR-SPR-C

ded

Index No.
SPR-C Capability Category I Capability Category II

SPR-C1 USE the internal-events systems mogdel*as the basis for developing a SEL to support the Seismic Fragillity
Analysis.

SPR-C2 INCLUDE in the SEL additional-55Cs (e.g., structures, passive components, relays, panels, and cabinefs
that house PRA components)-that may not be present in the internal-events model and in other hazard
PRAs but that require evaluation in the SPRA.

SPR-C3 INCLUDE in the SEL irtternal flood sources (as defined in SR IFQU-G2 in Part 3) that have been
identified in SR SPR-A2.

SPR-C4 INCLUDE in-the/SEL fire ignition sources (as defined in SR FQ-G1 in Part 4) that have been identified [in
SR SPR-A2.

SPR-C5 INCLUDE"In the SEL SSCs that are inducing or are affected by the initiators resulting from the secondpry
hazdrdsidentified in SR SPR-A2.

SPR-C6 For'the SSCs identified in SR SPR-C1, SR SPR-C2, SR SPR-C3, SR SPR-C4, and SR SPR-C5, IDENTIFY

the failure mode(s) of interest for the Seismic Fragility Analysis to be performed.
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Table 5-2.3-5 Supporting Requirements for HLR-SPR-D
Human actions credited in the Seismic Plant Response Analysis shall consider seismic-specific challenges to human per-
formance (HLR-SPR-D).

Index No.
SPR-D Capability Category I Capability Category II

SPR-D1 IDENTIFY the human failure events (HFEs; including recovery actions) from the selected baseline PRA
thatare refevant i the contextof the SPRA:

SPR-D2 For human response actions relevant to the Seismic ~ For human response actions relevant to Seismic
Plant Response Analysis, SATISFY HLR-HR-E in Plant Response Analysis, SATISFY HLR-HRsEin
Part 2 at CC-1 except where the requirements are Part 2 at CC-II except where the requirements are
not applicable. not applicable.

SPH-D3 For definition and specification of HFEs for For definition and specification of HEEs for
human response actions identified in SR SPR-D2, human response actions identified’in SR SPR-D2,
SATISFY HLR-HR-F in Part 2 at CC-I except where =~ SATISFY HLR-HR-F in Part 2 at CC-II except
the requirements are not applicable. where the requirements arenot applicable.

SPR-D4 For treatment of recovery actions identified in SR SPR-D2, SATISFY HLR-HR-Iin Part 2 except where
the requirements are not applicable.

SPR-D5 SATISFY HLR-HR-G in Part 2 at CC-I except SATISFY HLR-HR*G in Part 2 at CC-II except

where the requirements are not applicable,
considering relevant seismic-related effects on
control room and ex-control room post-initiator
actions.

When addressing influencing factors and the
timing considerations covered in SR HR-G3, SR
HR-G4, and SR HR-G5 in Part 2, INCLUDE the
effect of the seismic hazard on the control room
and ex-control room human actions, for examplé;
(a) training and procedures

(b) additional workload and stress

(c) effects of the seismic event on mitigdtion
(d) required response, timing, and accessibility
(e) potential for physical harm

(f) seismic-specific job aids and/training

where the requiréments are not applicable,
considering ‘rélevant seismic-related effects on
control reom and ex-control room post-initiator
actios.

When ‘addressing influencing factors and the
fiming considerations covered in SR HR-G3, SR
HR-G4, and SR HR-G5 in Part 2, INCLUDE the
effect of the seismic hazard on the control room
and ex-control room human actions, for example,
(a) training and procedures

(b) additional workload and stress

(c) effects of the seismic event on mitigation
(d) required response, timing, and accessibility
(e) potential for physical harm

(f) seismic-specific job aids and training
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Table 5-2.3-6 Supporting Requirements for HLR-SPR-E

The analysis to quantify CDF and LERF shall integrate the Seismic Hazard Analysis, the Seismic Fragility Analysis, and
the Seismic Plant Response Analysis, including uncertainties (HLR-SPR-E).

Index No.
SPR-E

Capability Category I Capability Category II

SPR-E1

In the quantification of SCDF and SLERF on a reactor-year basis, INTEGRATE the Seismic Hazard Analysis,

the-Seismmic Fragitity Aratysis; ard-the Sefsmmic Plant Respornse Armatysis i thesefsmmic plamnt=resportse rodel.

SPR-E2

ADDRESS the overestimation of risk due to rare-event approximations (e.g., where fragilities approadh‘1{0).

SPR-E3

ENSURE that the discretization of the hazard curves (e.g., the size and number of bins used to diScretfze
the hazard curve or other numerical methods used to incorporate the hazard curve in the integration)l[is
appropriate to demonstrate convergence of SCDF and SLERF.

SPR-E4

When quantifying SCDF, SATISFY SR QU-A2, SR QU-A4, and SR QU-A5; SR QU-B1,SR QU-B2, and §R
QU-B3; SR QU-B5, SR QU-B6, SR QU-B7, SR QU-BS8, SR QU-BY, and SR QU-B10;-5KQU-C1, SR QU-CP
and SR QU-C3; SR QU-D1, SR QU-D2, and SR QU-D3; and SR QU-D5, SR QU-D6, and SR QU-D7, in Part
2 except where the requirements are not applicable

~

SPR-E5

USE the mean hazard, mean fragilities, and the QUANTIFY the mean SCDF and SLERF and
seismic plant-response model to generate point propagate thedparameter uncertainty that resulfs
estimates for SCDF and SLERF through the from each input (i.e., the seismic hazard, the
quantification process. seismic fragilities, and the systems analysis)
throyghithe quantification process.

SPR-E6

In the analysis of SLERF, SATISFY SR LE-A2; SR In the)analysis of SLERF, SATISFY SR LE-A2; SR
LE-C2, SR LE-C3, SR LE-C4, and SR LE-C12; SR DE-C2, SR LE-C3, SR LE-C4, and SR LE-C12; SH
LE-D3; SSR LE-E3; and SR LE-F1 and SR LE-F2 in VE-D3; SSR LE-E3; and SR LE-F1 and SR LE-F2|in

Part 2 at CC-I for LERF Analysis except where the Part 2 at CC-II for LERF Analysis except where|the
requirements are not applicable. requirements are not applicable.

SPR-E7

IDENTIFY, in the Seismic Plant Response Analysis, sources of model uncertainty, the related assumptions,
and reasonable alternatives in a manner that'supports the applicable requirements of SR SPR-ES.

SPR-E8

SATISFY SR QU-E1 in Part 2 with thejadditional assumptions in SR SHA-12, SR SFR-F2, and SR SPR-F.

The documentation of the Seismic Plafit Response Analysis shall provide traceability of the work and interpretation of
risk profile for the plant (HLR-SPR-F).

Table 5-2.3¢<7" Supporting Requirements for HLR-SPR-F
he

-

Index No.
SPR-F

Capability Category I Capability Category II

SPR-F1

DOCUMENT the process used in the Seismic Plant Response Analysis specifying what is used as inpyt,
the applied methods, and the results. Address the following and other details needed to fully documept
hownrthe set of SRs are satisfied:

(#)SSEL development and disposition of SSCs

(b) the specific modifications made in the internal-events PRA model to produce the SPRA model and
their basis

(c) those seismic-related influences that affect methods, processes, or assumptions used, as well as th¢
identification and quantification of the HFEs and the human error probabilities
(d) the major outputs of an SPRA, such as mean SCDF, mean SLERF, uncertainty distributions on SCIPF
and SLEREF, results of sensitivity studies, and risk-significant contributors

SPR-F2

DOCUMENT the risk-significant contributors (e.g., initiating events, accident sequences, basic events) to
SCDF and SLERF in the PRA results summary, and DESCRIBE risk-significant accident sequences or risk
contributors in accordance with the definitions provided in Section 1-2.2.

SPR-F3

DOCUMENT the sources of model uncertainty, related assumptions, and reasonable alternatives
associated with the Seismic Plant Response Analysis identified in SR SPR-E7.

SPR-F4

DOCUMENT limitations in the quantification process that would impact applications.
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NONMANDATORY APPENDIX 5-A
SEISMIC PROBABILISTIC RISK ASSESSMENT COMMENTARY

5-A.1 BACKGROUND AND OVERVIEW

is Nonmandatory Appendix provides notes and
gerferal explanatory material tied to specific SRs as
staled in Part 5 of this Standard. The material contained
in this Appendix is nonmandatory and, as such, does
not|establish new requirements: rather, the material is
intgnded to clarify the intent of an SR, explain jargon
that might be used in an SR, and/or provide examples
of analysis approaches that would meet the intent of the
SR.
In recent years, advances in seismic ground motion
moflels coupled with unprecedented seismic events
havle sparked the advancement of SPRAs in the nuclear
indpstry worldwide. For example, Generic Issue 199
in 3010 [5-A-1] pointed out that some existing nuclear
power plants in the central eastern United States may
be ft higher seismic risk as a result of increased seis-
midhazard estimates. Furthermore, the 2011 Fukushima
Daifichi nuclear accident triggered a wave of risk and
saf¢ty evaluations for nuclear plants across the world,
for [example, stress tests in Europe and the Near-Term
Task Force Recommendation 2.1 [5-A-2] for the United
Stafes. In most instances, licensees used these evalua-
tiors to reevaluate the seismic hazard at the site and
devlelop SPRAs to address beyond-design® seismic
events, thus setting the stage for future risk-informed
programs.
Recent SPRAs have advanced thestate of practice for
mofleling and seismic risk quanitification of plant-sys-
tenfs response. For instance, the assessments of seis-
midally induced fires have.triggered an industry-wide
effdrt to improve understanding of the correlation
améng mechanical,_failire modes, location of fuel
soufrces, and probdbilities of ignition that is still in pro-
ces$. This effort promises a more accurate estimate of
fire|scenarios given a range of ground-shaking intensity
lev¢ls. Considerable advances have also been made in
the|field of seismic hazard. New and improved GMPEs
and seismic source characterization models have been

incorporates essential lessons learned from recent
SPRAs, incorporates advances in technology, and-fos-
ters the integration and collaboration among all techni-
cal elements.

The new commentary presented hérein has been
developed as a companion documentto the require-
ments in Part 5. This new comrhéntary replaces the
Notes in Addendum B [5-A-4] and the Part 5 Case [5-A-
5]. In essence, the commentary.aims to facilitate consis-
tent and clear interpretation ‘of the requirements across
the multiple disciplinesitypically involved in an SPRA.
The commentary prevides discussion on technical
bases, practical examples from recent SPRAs, and notes
cross-referencing technical elements. The commentary
is organized{following the same structure and sequence
of the SRS.in Part 5. In other words, commentary and
discussions are provided for HLRs and SRs for each
techmiicdl element, starting with Seismic Hazard Analy-
sis and followed by Seismic Fragility Analysis and Seis-
mic Plant Response Analysis.

5-A.2 COMMENTARY TO SEISMIC AT-POWER
TECHNICAL ELEMENTS AND REQUIREMENTS

A Seismic Hazard Analysis provides both an assess-
ment of vibratory motion by performing a PSHA and
assessing associated (e.g., fault rupture) and secondary
nonvibratory hazards (e.g., landslides, soil liquefaction,
soil settlement, and earthquake-induced external flood-
ing). As defined in Section 1-2.2, secondary hazards are
those that are induced by the primary hazard, which in
this case is vibratory ground motion.

The PSHA is a component of the broader Seismic
Hazard Analysis. The results of the PSHA are usually
expressed in terms of the frequency distribution of the
peak value of a series of horizontal ground motion
parameters [e.g., peak ground acceleration (PGA)]
over a range of specified time intervals. As described
in NUREG-2213 [5-A-6], NUREG-2117 [5-A-7], and
NUREG/CR-6372 [5-A-8], steps of this analysis are typ-

developed [5-A-3] to improve the estimates of uncer-
tainty in PSHA and site response analyses. Continued
advances in computational tools have facilitated the
use of nonlinear structural analysis to estimate seis-
mic response of structures against high levels of input
ground motion.

These and other advances justify revision of the
requirements in Part 5 of this Standard. This revision
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1cally broken into three areas: (a) seismic source char-
acterization, (b)) GMC, and (c) site response. The results
of a PSHA can also be used to develop uniform hazard
spectra (also known as response spectra). Seismic Haz-
ard Analyses also include assessment of vertical ground
motion, which is typically calculated using the horizon-
tal ground motion coupled with a vertical-to-horizontal
(V/H) ratio.
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Seismic Hazard Analysis and its requirements are
organized in the following way in this Standard:

stand regardless of whether a PSHA study is new or
existing. Instead, new SRs (i.e., SR SHA-B4, SR SHA-

hdy
b Or

HLR-SHA-A PSHA methodology C4, and SR SHA-D4) were added to ensure that new
HLR-SHA-B Data collection information (e.g., data, models, and methods) is appro-
HLR-SHA-C  Seismic source characterization priately considered. In the context of an SPRA study,
HLR-SHA-D Ground motion characterization information is considered new if it was unknown when
HLR-SHA-E  Site response the previous model was developed or was known but
TICR-SHA-F _Uncertainty not previously used either due to postdating the st
HLR-SHA-G  Spectral shape for fragility analysis “cutoff” date or due to its state as not fully matur
HLR-SHA-H Nonvibratory hazards publicly available at that time.

HLR-SHA-I  Documentation The identification and quantification of uncerta

Currently, the state of practice for PSHA model
development follows guidelines originally developed
by the Senior Seismic Hazard Analysis Committee
(SSHAC) [5-A-8], as further substantially developed in
NUREG-2213 [5-A-6] and NUREG-2117 [5-A-7] (hereaf-
ter this body of work is noted as the “SSHAC guide-
lines”). The SSHAC guidelines describe a structured
approach of PSHA model development that addresses
most of the requirements related to HLR-SHA-A, HLR-
SHA-B, HLR-SHA-C, HLR-SHA-D, and HLR-SHA-E.
The SSHAC guidelines have significant documentation
requirements consistent with HLR-SHA-I. The SSHAC
guidelines define four levels of study, with each study
level increasing in complexity. Levels 3 and 4, which
are equally acceptable for developing PSHAs appropri-
ate for nuclear applications, provide the highest level
of assurance that the objectives of the SSHAC process
are met. Level 2 studies can be used to update or refirle
regional studies for site-specific use, as described ‘in
NUREG-2213 [5-A-6] and NUREG-2117 [5-A-7|x\Eevel
1 and 2 studies also provide the basis for an assessment
of existing studies in some cases (see, e.g., the process
described by Kammerer et al. [5-A-9]). Reégardless of the
SSHAC study level, the objective of the'SSHAC process
is the same: to develop a model that represents the cen-
ter, body, and range of the technically defensible inter-
pretations of the available earth/science information. For
further details on PSHA model development and analy-
sis methods, the readerisreferred to NUREG-2213 [5-A-
6] and NUREG-2117{5-A-7]. An example case study of a
PSHA that uses thisguidance is found in NUREG 2115
[5-A-10]. Typical-results of a PSHA include families of
seismic-hazard curves in terms of PGA or Sa values at
different frequencies and site-specific ground motion
responsespectra.

PSHA is a site-specific analysis that may or may not
build on available regional studies. If a regional seismic

nty
ard
n is
od-
fers
bcts
s of
ied

is an important part of all aspects of jSeismic Haz
Analysis, and a significant level of effort and attentig
applied throughout the Seismic Hazard Analysis m
el-building process. Seismic Hazard Analysis dif]
from other aspects of SPRA(antd indeed other asp
of PRA) in this regard. In2SHA, two different classd
uncertainties (as defined/in Section 1-2.2) are identi
and addressed throgighout the process. Lack-of-knqwl-
edge uncertaintieSifepistemic uncertainties) arise ffom
imperfect scientifi¢ understanding that can, in principle,
be reduced through additional research and acquisifion
of data. Epistemic uncertainties are often addressedl in
the modeling process through use of logic trees or gen-
sitivity*Studies, which provide a quantifiable and trgns-
parent approach and lead to a family of hazard curyes.
The aleatory or random uncertainties (often called “hle-
atory variability” within the technical community)|are
those uncertainties that, for all practical purposes, ¢an-
not be known in detail or cannot be reduced. Aleafory
variability is typically addressed by using paramgpter
distributions.

These two classes of uncertainties should be ig
tified, quantified, and tracked separately through
the PSHA process to the extent possible. Altho
some applications may use the mean hazard curve
includes combined uncertainties instead of the comp
family of hazard curves (see NUREG-1407 [5-A-11]
examples), maintaining the distinction in the natur|
uncertainties is crucial for development of the P§
to be used in SPRA. Understanding the uncertajnty
bands is also useful for identification of vulnerabilities
and ranking dominant sequences and contributorg In
PSHA, this distinction is maintained to understand hnd
communicate the sources of uncertainties throughout
the process. This need to maintain separation betwleen
epistemic and aleatory uncertainties for SPRA differs
from cases where PSHA is to be used only for its more

en-
out
igh
hat
lete
for
b of
HA

source characterization or GMC study 1s used as a start-
ing point, the requirements related to use of an exist-
ing study apply. An important change in the current
revision of this Standard is the removal of the previous
HLR-SHA-H, which was focused on cases where a pre-
viously existing PSHA study was used. This change
was made to avoid redundancy with other high-level
requirements that specify technical requirements that
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traditional purpose of development ot seismic design
parameters.

The hazard estimates depend on uncertain estimates
of ground motion propagation, upper-bound mag-
nitudes, and the geometry of the postulated seismic
sources, as well as on numerical treatment of source
boundaries. Such uncertainties are included in the
hazard analysis by using parameter distributions and

(
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logic trees. Parameter distributions are used to quan-
tify aleatory uncertainties. Epistemic uncertainties are
documented and quantified by using logic trees with
probabilities assigned to alternative data, models, and
methods. The annual frequencies of exceeding specified
values of the ground motion parameter are displayed as
a family of curves with different confidence levels.

with other elements of Seismic Hazard Analysis, the
identification, quantification, and tracking of uncer-
tainties are key components of site response evaluation
activities.

Over the course of the current revision of this Standard,
methods for addressing human-induced seismicity (e.g.,
seismicity caused by hydraulic fracturing and wastewater

fe response analyses are performed to quantiy
how near-surface geologic materials and their dynamic
properties modify seismic vibratory motions enter-
ing|the site from the underlying rock. In the past, site
respponse analysis was performed as a separate calcu-
latipn by using as input the results from a rock-based
PSHIA. However, recently it has been more common for
sitelresponse to be directly incorporated into the PSHA
intdgral by using Method 3 of NUREG/CR-6728 [5-A-
12]§ If it is not directly incorporated into the PSHA,
the|soil amplification functions from the site response
are|applied to the uniform hazard spectra. In current
praftice, the site response aspects of Seismic Hazard
Analysis are not subject to all the requirements of the
SSHIAC process, although the most important aspects
of the SSHAC process are increasingly applied. As

5-AL.2.1 Commentary to Seismic Hazard Analysis (SHA)

mjection) have been undergoing signiticant development.
However, in the past decade, a number of SPRA studies
and peer reviews were conducted as part of the\post-
Fukushima efforts in the United States and, as a result,
some approaches were developed out of necessity. The
approaches differed somewhat dependingon whether the
seismicity is related to the construction of-dams and res-
ervoirs that are likely to remain in place permanently or
to hydraulic fracturing and wastewater injection, which
may come and go over time. ‘The practices and concepts
applied to address the issue oPhuiiman-induced seismicity
are discussed in the SRs%¢€lated to HLR-SHA-H, for the
user’s consideration. litany case, it is important to ensure
that the approach te.evaluation of hazards resulting from
human-induced éyents is consistent with the objectives of
the SPRA being'conducted.

Table 5-A.2.1-1 Commentary to High Level Requirements for Seismic Probabilistic Risk Assessment:
Technical Requirements for'Seismic Hazard Analysis (SHA)

Pesignator

Commentary

HLR-SHA-A

HLR-SHA-A requires that the basis for the calculation of the frequencies of exceeding different levels
of seismic horizontal vibratory ground motion at the site shall be a site-specific PSHA that represents
the center, body, and range of the technically defensible interpretations. The SSHAC guidelines
describe the concept of-center, body, and range and a structured process achieving these goals

in a transparent way. The SSHAC process can be applied for assessing seismic vibratory ground
motion on bothra'site and a regional level. Site-specific PSHA that includes site-specific site response
analysis, if appropriate, should be performed consistently with the SSHAC guidelines.

HLR-SHA-B

included in HLR-SHA-B.

The SSHAGQ ‘process begins with a comprehensive effort to identify, collect, and evaluate all available
data, models, and methods for PSHA model development, consistent with the requirements of
HER-SHA-B. The effort should follow guidance in NUREG-2213 [5-A-6] and NUREG-2117 [5-A-7].
Data and information relevant to the other elements of the site-specific Seismic Hazard Analysis,
including site response and other nonvibratory and secondary hazards, must also be collected. NRC
has provided guidance for data collection expected for licensing of new reactors ([5-A-13], [5-A-14]).
Efforts to identify and collect information related to human-induced seismicity are also generally

HLR-SHA-C

The SSHAC guidelines ([5-A-6], [5-A-7]) provide guidance on seismic source characterization
modeling for input to PSHA evaluations. An example of a regional study conducted using the

SSHAC Level 3 approach is documented in NUREG 2115 [5-A-10].

HLR-SHA-D
evaluations.

The SSHAC guidelines ([5-A-6], [5-A-7]) provide guidance on GMC modeling for input to PSHA
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Table 5-A.2.1-1 Commentary to High Level Requirements for Seismic Probabilistic Risk Assessment:

Technical Requirements for Seismic Hazard Analysis (SHA) (Cont’d)

Designator

Commentary

HLR-SHA-E

Approaches for incorporating site response in the PSHA are provided in NUREG/CR-6728 [5-A-12],

with Method 3 being preferred, particularly for new plants.

HLR-SHA-F

The SSHAC process requires the identification, analysis, and documentation of uncertainties

throughout the PSHA model-development process. HLR-SHA-F also addresses uncertainties
associated with other aspects of the broader Seismic Hazard Analysis.

A mean estimate of the frequency of exceedance at any PGA and other spectral frequencies\is
calculated based on the weighted sum of the frequencies of exceedance at this acceleration'given
the different hazard curves; the weighting factor is the probability assigned to branch of the logic
tree. Thus, the PSHA embeds uncertainties in the core of the methodology, and results are express
in terms of likelihood (i.e., estimated probabilities in a given time period or estimated frequencieg
that ground motions of various amplitudes will occur at a given site. Uncertainties must be carrie
through the site response analysis.

Py

[oM i )

HLR-SHA-G

The spectral shape should be determined using the most risk-significanf,ahnual probability of
exceedance. In some instances, the spectral shape at the design levelis-used as a starting point.
In these cases, the shape of the response spectra at the most risk<Significant annual probability of
exceedance should be determined and checked against the design’spectral shape.

HLR-SHA-H

Nonvibratory seismic hazards are addressed through a multistep process that begins with
development of a list of potential hazards followed by screening for the hazard based on the
potential for the hazard to occur at the site (not the potential impact of the hazard). If the hazard
cannot be screened out, an analysis is performed tQ‘determine the probability of hazard levels

appropriate for input to the fragility and plant-response evaluations. At the end of the process, the

potential impact of the nonvibratory hazard is determined.

Seismic-hazard experts involved in the identification, assessment, and peer review of nonvibratos
seismic hazards generally have appropriate expertise for identifying, assessing, and possibly
screening out human-induced seismicity resulting from nonstationary human activities (e.g.,
hydraulic fracturing and wastewater injection). As a result, many recent SPRA studies have treate
the topic of human-induced seismicity within the requirements for HLR-SHA-H because human-|
induced seismicity has the potential to be screened out similar to other seismic hazards.

HLR-SHA-I

The documentation of the Seismic Hazard Analysis must provide traceability of the work. The
Seismic Hazard Analysis.includes both the PSHA and other elements (e.g., screening of secondary
hazards), which areoftén in a large array of documents. As a result, best practices that were recen
developed in resporise to recent peer-review activities include a Seismic Hazard Analysis “roadm
that documents ‘the location and history of development of the various aspects of the broader
Seismic HaZard Analysis efforts.

tly
ap ”
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Table 5-A.2.1-2 Commentary to Supporting Requirements for HLR-SHA-A

Index No.
SHA-A

Commentary

SHA-A1

The SSHAC report [5-A-8] and related updated and more detailed guidance ([5-A-6], [5-A-7]) provide
the defined process for conducting a PSHA that produces a model that represents the center, body, and
range of the technically defensible interpretations, as defined in those references. These references have

falal & & Wl

idcl l{,ilcicd ﬂlld lJLUVidCd éuidcu LT fUl f\_}ul }CVC}D Uf }lClLﬂld darl l(}l}y DiD. T}lC [/ I V| w Dlud}/ ICV C} D}lUbl}d LC
chosen consistently with the intended application following the SSHAC guidelines ([5-A-6], [5-A-7], [5£
A-8]). The site-specific PSHA may start with a regional study developed using the SSHAC guidelines.

SH

\-A2

No commentary provided.

SH

\-A3

No commentary provided.

SH/

N\-Ad

No commentary provided.

SH/

\-AD

The specified lower-bound magnitude should be consistent with current practice. Régulatory Guide
1.208 [5-A-15] provides one acceptable approach to establishing a lower-bound magnitude for use in the
Seismic Hazard Analysis.

SH/

\-A6

Regulatory Guide 1.208 [5-A-15] provides an acceptable approach to establishing the number of standard
deviations to be included in the analysis of GMPEs. It should be noted that PSHA quantification software
often has an option to apply “no truncation.” However, the software mist always apply an epsilon, even
if very large, for purposes of computation. This epsilon should be noted in associated documentation.

Table 5-A.2.1-3 Commentary to Supporting Requirements for HLR-SHA-B

dex No.
bHA-B

Comimentary

SH/

\-B1

Guidelines as to when an existing study shoudd be refined or replaced are provided in NUREG-2213
[5-A-6] and NUREG-2117 [5-A-7].

SH/

\-B2

No commentary provided.

SH/

\-B3

The geographical region around thé site that is addressed in the PSHA can extend up to a radius of
1000 km. The actual size depends, among other factors, on regional characteristics. See Section 1.1 of
Regulatory Guide 1.208 [5-A:18) for further discussion on this subject.

SH

\-B4

This SR applies both when'an existing site-specific PSHA study is used or when regional seismic source
characterization and GMC models are used as the basis for a PSHA. One important feature in conducting
a PSHA is to ensure-that the key inputs represent the currently available data, models, and methods

and that the PSHA represents the center, body, and range of technically defensible interpretations. In the
context of an SPRA, information is considered to be “new” if it was unknown when the previous model
was developed/or was known but not previously used either due to postdating the study “cutoff” date
or due tegrits-state as not fully mature or publicly available at that time. Key inputs to a regional Seismic
Hazard Analysis and the analysis results are periodically revised. Guidelines regarding when an existing
regional study should be refined or replaced are provided in NUREG-2213 [5-A-6] and NUREG-2117 [5-
A7 Importantly, when a regional model is changed (as opposed to augmented, such as with additional
local faults), it is no longer considered to be the original model and no longer carries the SSHAC
pedigree.

SH

\-B5

No commentary provided.
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Table 5-A.2.1-4 Commentary to Supporting Requirements for HLR-SHA-C

Index No.
SHA-C Commentary

SHA-C1 No commentary provided.

SHA-C2 NUREG-2213 [5-A-6] and NUREG/CR-6372 [5-A-8] provide a structured approach for conducting
a PSHA consistent with the level of analysis defined in HLR-SHA-A. These references also provide
a process for producing a seismic sources model that represents the center, body, and range of the
technically defensible interpretations.

SHA-C3 The identification and inclusion of uncertainty is required because seismic sources are numerically
characterized based on alternative interpretations and conceptual models that can include alternative
geometries, alternative estimates of maximum earthquake magnitude, alternative earthquiake recurrence
models and parameters, and alternative approaches to treatments of point source andfifite fault
modeling ([5-A-6], [5-A-7]).

SHA-C4 In the context of an SPRA, information is considered to be “new” if it was unkneWwn when the previoys

model was developed or was known but not previously used either due to pestdating the study “cutdff”
date or due to its state as not fully mature or publicly available at that timé_ Key inputs to a regional
Seismic Hazard Analysis and the analysis results are periodically revised({ Guidelines regarding when
an existing regional study should be refined or replaced are provideddw NUREG-2213 [5-A-6] and
NUREG-2117 [5-A-7].

SHA-C5 SR SHA-C5 requires consideration and justification of the choice of SSHAC level used in the study thdt
updates an existing seismic source characterization model. It\is important to note that when a regiona
model is changed (as opposed to augmented, such as with additional local faults), it is no longer

considered to be the original model and no longer carties the SSHAC pedigree, although it provides ap
efficient starting point for development of the newrodel.

Table 5-A.2.1-5 Commentary to'Supporting Requirements for HLR-SHA-D

Index No.
SHA-D Commentary

SHA-D1 No commentary provided.

SHA-D2 The SSHAC guidelines ([5~A-6], [5-A-7], [5-A-8]) provide a structured approach for conducting a PSHA
consistent with the leviel 0f analysis defined in HLR-SHA-A. These references also provide a process
for producing a GMC,model that represents the center, body, and range of the technically defensible
interpretations.

SHA-D3 In developing the GMC model, all possible sources of uncertainty should be identified, evaluated, and
(where appropriate) included in it. Uncertainties (e.g., sigma, the uncertainty around the point value for
a givermagnitude/distance pair), which are critical for appropriate assessment of hazard, are includgd.
Moyetecently, issues such as addressing uncertainties related to alternative magnitude-distance
relationships and the need to ensure that the treatment of finite fault sources within PSHA quantificatjon
processes is consistent with GMC assumptions have been identified.

SHA-D4 In the context of an SPRA, information is considered to be “new” if it was unknown when the previoys
model was developed or was known but not previously used either due to postdating the study “cutdff”
date or due to its state as not fully mature or publicly available at that time. Key inputs to a regional
Seismic Hazard Analysis and the analysis results are periodically revised. Guidelines regarding when
an existing regional study should be refined or replaced are provided in NUREG-2213 [5-A-6] and

NOREG-2117 1577t s Tmportant tomote that whema regiomat modet s thangedtas opposed to
augmented, such as with additional local faults), it is no longer considered to be the original model and
no longer carries the SSHAC pedigree, although it provides an efficient starting point for development of
the new model.
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Table 5-A.2.1-6 Commentary to Supporting Requirements for HLR-SHA-E

Index No.
SHA-E Commentary
SHA-E1 No commentary provided.
SHA-E2 No commentary provided.
SH }:3 }VTU CUITLITITT ltﬂl)’ FIUV ;dcd.
Table 5-A.2.1-7 Commentary to Supporting Requirements for HLR-SHA-F
Irjdex No.
SHA-F Commentary
SHA-F1 The SSHAC guidelines ([5-A-6], [5-A-7], [5-A-8]) provide a structured approach for ednducting a PSHA
consistent with the level of analysis defined in HLR-SHA-A.
SHA-F2 No commentary provided.
SHA-F3 For site-specific studies that do not use regional models, sensitivity studieg and intermediate results
provide important information to reviewers about how some of the modeling assumptions distort
the final results of a complex seismic-hazard process. Examples of useftl sensitivity studies include
an evaluation of alternative schemes used to assign weights to tlie individual expert models and an
evaluation of the way different experts make different assignménts of the regional seismicity to different
zonation maps. Where regional studies are used, it is important to document how the sensitivity and
uncertainty information from the regional model’s documtentation provides insights for the site being
analyzed.
SR SHA-F3 is focused on evaluation of uncertaintiesto be treated and peer reviewed within the PSHA
study and SSHAC methodology. The PSHA-focused evaluations are generally common practice within
this methodology and are conducted to understand the key issues within the PSHA. The treatment
of uncertainties within the model development'and quantification process impacts the shape and
distribution of the family of resulting hazard curves. It is unproductive and inappropriate for the
uncertainties identified within a PSHAeonducted using the SSHAC guidelines to be further evaluated by
using the PRA quantification model~The SSHAC guidelines process, including its peer-review process,
has already incorporated thorough-treatment of uncertainties.
SHA-F4 In contrast to SR SHA-F3, which'is focused on the PSHA, SR SHA-F4 is targeted on other aspects of
the Seismic Hazard Analysis that are treated outside the SSHAC process. In these cases (e.g., in the
development of V/H models), epistemic uncertainties associated with the judgment of individual experts
should be identified and*evaluated through PRA model quantification to understand whether judgments
made in the courseé of the Seismic Hazard Analysis have a large enough effect on the ultimate risk
insights to warrant the application of additional effort such as broader evaluations, and perhaps broader
logic trees, ot focused peer review.
Jable 5-A.2.1-8 Commentary to Supporting Requirements for HLR-SHA-G
Irjdex No.
$HA-G Commentary
SHA-GY The spectral shape determined in the Seismic Hazard Analysis should be based on site-specific analysis.
SH K'Gﬁ chulauﬂy Guidc 1.HU8 [S'A'ls] PlUVideb OIIC dPPlUd(.ll o ebtdblib‘llillg ‘VY/ H DPGLleI ldliUb, Wlli\_ll Call

be combined with the appropriate horizontal spectra to derive vertical spectra. EPRI [5-A-16] provides
guidance for developing mean V/H ratios for a range of site conditions (rock and soil) and levels of
ground motion.
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Table 5-A.2.1-9 Commentary to Supporting Requirements for HLR-SHA-H

Index No.
SHA-H

Commentary

SHA-H1

SR SHA-H1 addresses development of the list of other seismic and secondary hazards requiring further
evaluation for the SPRA. The list is developed by starting with a very broad list of other possible seismic

and secondary hazards. Secondary hazards (e.g., landslides, soil liquefaction, soil settlement, and

<dal ‘l.} l\iblCl]l\C il ldblLCd ﬂUUdil lé) dItT ‘l,} UST ‘l.} lCll LCDbl}‘l. flUlll Sluulld lllUliul 1S. O{.} ICI Dcibllli\_ lqucudo il l\_}u
the possibility for direct fault rupture. Recent practice has included human-induced seismicity in the
list of potential other hazards to be evaluated. SR SHA-H1 is the first step in a process illustratedsinsth|
Figure 5-A.2-9.

Le

SHA-H2

The appropriate approach used to justify the basis and methodology used for screening gut other direj
seismic hazards (e.g., fault displacement) or secondary hazards caused by vibratory ground motions
(e.g., soil liquefaction, soil settlement, and earthquake-induced external flooding) is hazard and site
specific and may occur at various stages in the evaluation. The flowchart (Figure.5vA:2-9) shows how
information flows from SR SHA-H1 and SR SHA-H2 to other SRs. Justification férscreening may be
based on publicly available literature and prior hazard studies. An initial qualitative screening proces

SR SHA-H2 can be applied to remove hazards where the hazard is physically not possible (e.g., tsunai

hazard at a site far from the ocean) or is exceedingly rare (e.g., triggering'\of secondary hazard <1.0E-7
year) as assessed by a demonstrably conservative deterministic analysis/assessment.

There are two additional points at which screening of the hazard{rom inclusion in the SPRA model
can occur if the hazard is not screened out based on Table 1-1.8<1~A second screening approach starts
with the SEL and screens the SSCs from further consideration on an SSC-by-SSC basis. Screening Step
removes SSCs that cannot be impacted due to their locatiofaway from the hazard under consideratio
(e.g., an SSC is in a location that is not susceptible to liquéefaction because it is founded on rock).
Screening Step 3 removes SSCs that can be demonstrated to have sufficient capacities within the contg
of the SPRA given the hazard levels (e.g., the convolution of the fragility and hazard curves demonstr
a sufficiently low probability of failure). Because'Screening Step 3 occurs after the work of developing
fragility and hazard curves has been performed, the principal benefit is the simplification of the
quantification model. Screening Steps 2 and.3'require interactions between hazard, fragility, and plant
response analysts. These screening methods should be considered within the framework of Table 1-1.4
and must give due consideration of the.contribution to the cumulative impact due to simplifications o
the model.
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SHA-H3

If site conditions make it necessary to include other seismic hazards, the objective of the subsequent
analysis is to estimate the fréquency of hazard occurrence as a function of amplitude or intensity of
the parameter appropriate\for the failure mechanism(s) of interest. Because understanding the risk
implications of other seigmic hazards requires additional analysis within a PRA framework, the appro
used to analyze additional hazards, as well as the parameters assessed, should be integrated with the
fragility and model ‘analysis activities.

Requirements'for seismically induced internal fire and flooding are addressed in SR SFR-D3, SR SFR-]}
and SR SPRB10.

hch

D4,

SHA-H4

This SR1is-focused on earthquake-induced external flooding hazards (e.g., upstream dam failure) that
are yiot'sCreened out in SR SHA-H?2 and refers the user to the applicable requirements in HLR-XFHA-
HIORXFHA-B, HLR-XFHA-C, HLR-XFHA-D, HLR-XFHA-E, HLR-XFHA-F, and HLR-XFHA-G in

Part 8 for calculating the frequencies of hazard parameters necessary to define the fragility for failure
mechanisms of SEL items that may be impacted. This SR is required because there is an interface betw
seismic hazard and flooding hazard inherent in the earthquake-induced external flooding hazards;
therefore, there is a need for consistency between the Parts and clarity as to which are the governing S

een

Rs.

227

Copyright © 2022 by the American Society of Mechanical Engineers.
No reproduction may be made of this material without written consent of ASME. (%



https://asmenormdoc.com/api2/?name=ASME ANS RA-S-1.1 2022.pdf

SHA

ASME/ANS RA-S-1.1-2022

Fig. 5-A.2-9 Flowchart showing information flows among Supporting Requirements

SFR

SPR

Notes

SHA-H1

Identify fault displacement and secondary hazards that may impact the site

Determine if any secondary hazard can be screened entirely from further evaluation based on

the averall hazard and the site (e g liquefaction on a rack site_very low probabiliiesof

SHA-AZ

liquefaction for very low annual probabilities of exceedance ground motions, or no potential
fault displacement phenomena in the site vicinity area)

v

SPR-A2
|

Identify seismically induced initiating events due to secondary hazards that do not screen out
in SHA-H2

v
SPR-C1 to
SPR-C6

Define SEL including SSCs associated with hazard events identified in SPR-A2 arid-their
failure modes

SHA-H2 o

SHA-H2 Screening Step 2 — Remove from consideration impact to SEitems by secondary
hazards if they cannot be impacted due to their location on the site-(e-g., piping cannot be
impacted by liquefaction if it does not exist in the same location\as-liquefiable soils.)

SFR-E2

v

Determine the parameters of interest for the appropriate faildre mechanisms for the SEL items
that may be impacted

SHA-H3

Determine the frequency of level of the hazard parameters of interest identified in SFR-E2
for nonflooding seismic hazards identified in SHAH1 and not subsequently screened out

SHA-H4

For earthquake induced external flooding.hazards identified in SHA-H1 and not screened
out, satisfy the applicable requirements in XFHA in calculating the frequency of levels of the
necessary hazard parameters

Determine the fragility for the’SSCs based on the parameters of interest identified in SFR-E2

SHA-H2 Screening Step.3 — Remove failure of SEL items from secondary hazards from
consideration based-on failure frequency using the hazard curve and the fragility curve*

I_._ SPR-E1/

SPR-E2

Quantification

*Once the fragility and hazard curves are developed, the information could be used directly in the quantification, rather than applying a
kecond screening evaluation. This would €elimiriate the need for justification for “pruning” the model.

Table 5-Ac2,1-10 Commentary to Supporting Requirements for HLR-SHA-I

Irfdex No.
SHA-I Commentary
SHA-I1 Preject documentation is the fundamental basis for reviews and users to understand. Guidance found

in-the SSHAC guidelines ([5-A-6], [5-A-7], [5-A-8]) should be consulted regarding expectations for this
documentation:
(a) the process used to develop PSHA inputs and perform PSHA computations

(b) the data that were available and used in the evaluation process

(c) the way in which the data, models, and methods of the larger technical community were integrated

and considered in developing the PSHA mputs

(d) the elements that make up the PSHA input model and their technical bases

(e) the way in which uncertainties were modeled and quantified and how these capture the center, body,
and range of technically defensible interpretations

(f) the PSHA results and instructions for their use

(
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Table 5-A.2.1-10 Commentary to Supporting Requirements for HLR-SHA-I (Cont’d)

Index No.
SHA-I Commentary
SHA-12 The level of effort for developing PSHA documentation depends on whether and to what extent existing

PSHA information is being used for the PSHA. For example, sites that use the seismic source model from
NRC / DOE / EPRI [5-A- 10] or the ground motion model from EPRI [5-A-3] can take advantage of the

0161 lllll.(llll. L,lULulllcl ll.ﬂl.l\_}ll ClVClllﬂL}lC 1UL l,l TUST lJlUJCLI.D 1 Ul LllUDC DILCD VVllCLC d ITTTVV L ul Lﬂ 1S5 lJCllUllllCL 7
particularly for a SSHAC Level 3 PSHA, a significant effort may be necessary to develop adequate PSIHA
documentation. Guidance in NUREG- 2213 [5-A-6] and NUREG- 2117 [5-A-7] should be consulted
regarding expectations for this documentation.

It should be recognized by all parties involved in the PSHA study (sponsor, analyst, peer reviewer,
fragility analyst, risk analyst, regulator, and members of the public) that expectations for'developing
adequate PSHA documentation can be a difficult and controversial issue. PSHA documéntation is
intended to make the PSHA tractable from process to inputs to results to sensitivities: In addition to th
guidance above, to meet the expectations of SR SHA-I1(a) through SHA-I1(f), this.documentation shoyild
(a) describe the roles and responsibilities of all project participants
(b) provide sufficient information to understand which parts of the PSHA.inptts (e.g., dominant seisfnic
source, ground motion attenuation model) dominate the seismic hazard ‘atthe annual frequencies of
exceedance important to the project

(c) provide sufficient information showing the sensitivity of hazard\résults to the uncertainty in key
parameters and variation in the hazard due to the changes in patamieter values considered in the hazgrd
assessment
(d) provide sufficient tabulated data and data files that facilitate the ability to understand hazard inpiits
and to examine specific parameter assessments or scientific interpretations
(e) document any peer review of the PSHA, including a‘'summary of the whether the peer review was
participatory and the comments and conclusions of.the peer reviewers or panel

While the PSHA documentation needs to meet the\general expectations described above, the followin
specific PSHA results should be tabulated and<provided with the final PSHA documentation to meet {
state-of-practice for SR SHA-I1(f) and SR SHA-I1(h) through SHA-I1(j):

(a) A tabulated set of inputs for both seismie:seitrce models and ground motion models used with the PSHA: The
PSHA analyst is encouraged to review{5-A-6] and [5-A-7] and the expectations for developing a PSHA
Hazard Input Document. The tabuldted set of inputs should be supplemented with sufficient graphicgl
information to display the seismi¢-source and ground motion models inputs. If existing PSHA inputs gre
used and the documentation efithese inputs is readily available in published reports, this information
does not have to be repeated-in the PSHA report for the site of interest.

(b) Seismic-hazard curves.forhorizontal ground motion for PGA and spectral frequencies: A sufficient numbgr
of spectral frequencies should be used to enable robust determination and tabulation of uniform hazapd
response spectra (UHS). Mean and fractile (e.g., 5th, 15th, 50th, 85th, and 95th) hazard curves should
be provided to clearly display the quantification of uncertainties. The seismic-hazard curves should
represent the.reférence site condition associated with the ground motlon model used for the PSHA.

(c) UHS at representative mean annual frequencies of exceedance such as 107, 10*, and 10°°: If the UHS fron
the PSHA is insufficient to fully describe the spectral shape, the approach used to develop smoothed
UHS should be documented along with a tabulated set of smoothed UHS for the representative mean
annual frequencies of exceedance.

(#)SDeaggregation of the hazard for an appropriate suite of distance and magnitude bins. (See NUREG-2213 [
A=0].)

(e) Vertical UHS including a tabulated set of V/H ground motion ratios if these are used to derive vertical ground
motions for horizontal ground motions: Deaggregation in terms of standard deviation will also be provided.
(f) As appropriate, input model used for site response analysis should include tabulated values of shear wave
velocity, thickness, and density for all layers: If multiple profiles are modeled this information should be
provided for all profiles. Additional, tabulated values for all strain dependent properties should be

o)

=T

e

provided for all Jayers inciuding shear modulus and damping degradation with siear strain.
(g) As appropriate, input ground motions used to perform the site response analysis, including tabulated values of
these motions.
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Table 5-A.2.1-10 Commentary to Supporting Requirements for HLR-SHA-I (Cont’d)

Index No.
SHA-I Commentary
SHA-I2 (h) As appropriate, site amplification factors at each spectral frequency (and PGA) modeled in the site response
(Cont’d) analysis: For each input motion, a tabulated set of mean and (log) standard deviations should be

provided.

L LLLLC L L .

o) C g s L
{H—Setsmie-hazmrd-etrvesardtHSfor-tors
deriving the seismic-hazard curves.

values should be provided.
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control point from the site response analysis: The documentation should clearly describe the approach to
(j) Horizontal and vertical ground motion response spectra at the reference control point: A tabulated set‘of

(k) As appropriate, for cases with multiple control points, foundation input response spectra at each doutrol point:
A tabulated set of values should be provided.
(I) A tabulated set of any seismic-hazard curves if these are used for seismic risk quantification-puiposes.

(m) Either in graphical or tabulated form, results displaying the most significant contributof3.to the seismic
hazard at the site: This assessment of significant contributors could include a consideration of the variance
contribution for each of the major PSHA inputs to the total variance modeled in‘the PSHA.

5-A.2.2 Commentary to Seismic Fragility

Analysis (SFR)

ragility curves in an SPRA should capture the real-
seismic behavior of SSCs under a range of ground
ion intensity levels without having either conserva-
or optimistic bias. This principle is consistent with
intent that an SPRA realistically estimates the seis-
response of plant systems against a range of seis-
scenarios. This response is affected by both shape
median-centered parameters of the fragility curve:
In qther words, a conservative or unrealistic estimation
of rthedian-centered ground motion parameter andyvari-
ability in a fragility curve could mask individual SSCs
that dominate SCDF and therefore lead .to unreliable
PRA\ insights.

Hragility curves are derived using the probability
derfsity functions of the seismic demand and capacity
parpmeters. The log-normal function has been generally
usefl to model the random variables related to a com-
porfent’s capacity and ground motion intensity, such as

H
isti
mo
tive
the
mid
mid
and

= =

PGA or Sa. Even though other probability density func-
tions can be used, the log-normal distribution has prop-
erties that facilitate the fragility analysis. Usually, the
fragility cuxve is constructed by estimating a median
ground¢inotion acceleration A_ and logarithmic stan-
dard deviations for uncertainty 3, and randomness f3,..

The practice to develop fragilities in SPRAs for
niiclear plants has been centered around six interrelated
subjects: (1) definition of scope of fragility analysis, (b)
building response analysis, (c) screening of SSCs, (d)
plant walkdowns, (e¢) estimation of seismic-fragility
parameters, and (f) documentation of the fragility anal-
ysis. The SRs for Seismic Fragility Analysis in Section
5-2.2 of Part 5 of this Standard are organized around
these six core subjects.

The comments offered herein aim to provide a back-
ground on the theory and practice that contributed to
developing of each requirement. In addition, practical
scenarios are provided to enhance the understanding and
the effort required for compliance with the requirements.
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Table 5-A.2.2-1 Commentary to High Level Requirements for Seismic Probabilistic Risk Assessment:

Technical Requirements for Seismic Fragility Analysis (SFR)

Designator

Commentary

HLR-SFR-A

The scope of the Seismic Fragility Analysis is typically defined in the form of a SEL. This list
generally includes identification of the SSCs that are credited in an SPRA and their descriptions,

building locations (building, floor, and room number), failure modes of interest, and plant systems.

HLR-SFR-B

This requirement addresses the need to provide seismic response parameters such as displacemenits

and in-structure accelerations that represent a realistic estimate of failure level of SSCs. This
requirement is of utmost importance in an SPRA as strong judgment should be exercised by the
engineer in order to define the appropriate level of ground input to justify failure of SSCs across
a spectrum of seismic initiating events. This evaluation needs to be done in accordance with site-
specific hazard and plant structural response characteristics.

HLR-SFR-C

Screening allows the analyst to focus resources on areas in an SPRA that drive-the plant-risk levell

HLR-SFR-D

Fragilities of SSCs in an SPRA should represent as-built and as-operated conditions. The accepted
practice to achieve this requirement is through plant walkdowns. For mefe than 40 years, experie|
has shown that plant walkdowns provide the SPRA team with the practical sense of seismic

ruggedness in the plant as well as the identification of credible seismic-induced failure mode(s) o
the SSCs often missed from review of design data (i.e., drawings'‘Qr'computer visualization mode

nce

HLR-SFR-E

This requirement focuses on the mathematical approach usédto establish the parameters definin,
the seismic-fragility curve of SSCs. The fragility analyst shetuld ensure that the variability and
median values associated with variables affecting capaeity and demand of SSCs are representativ
the seismic-induced failure directly leading to the failute mode of importance to the SPRA.

HLR-SFR-F

Although SPRA is developed as a snapshot in time; its use is intended for future risk-informed

programs by several users across different fields of expertise. Thus, it is imperative to document the

fragility analysis in a manner that facilitates'\peer reviews and future updates/upgrades.

Table 5-A.2.2-2 Commentary o Supporting Requirements for HLR-SFR-A

Index No.
SFR-A

Commentary

SFR-A1

In an SPRA, it is customacyfor the systems analyst to define the initial list of SSCs for fragility analysi
This list generally includes failure modes of interest (e.g., loss of operability or failure of pressure
boundary), buildinglocation of component, and component description. Therefore, the fragility analyj]
expected to perfornt a fragility assessment, whether by calculation or judgment, and provide the analy
for the SSCs and relevant failure modes defined by the systems analyst in the SEL. The importance of

12}

St is
sis

SR SFR-A1 steins from the need to ensure consistency between the failure modes defined by the systens

analyst ifi the SPRA and the results of the fragility analysis.
In the (context of fragility analysis, the term “failure mechanism” refers to the seismic-induced failure
a component that leads to the failure mode defined by the systems analyst. Failure of valves provides

good example of this mechanism-mode relationship: first, the systems analyst defines the failure modg¢

as the valve failing to open on demand, whereas the seismic-fragility analyst then defines the failure
mechanism induced by an earthquake to result in such a failure mode as either excessive binding of th
valve yoke or malfunction of the operator.

Experience has shown that the number of SSCs for which fragilities are required will most likely vary
throughout the duration of the SPRA project. For example, new SSCs may be added to the scope of w

f

zl

b

rk,
EL

resulting from walkdown observations. On the other hand, there could be instances where the initial §

tSTeduced because SSCS are no 10Nger credited i the SPRZ Model. 1T 15 Tecommended t0 GOCUMent 11
the scope of fragility calculations evolves throughout the SPRA project.

W
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Table 5-A.2.2-2 Commentary to Supporting Requirements for HLR-SFR-A (Cont’d)

Index No.
SFR-A Commentary
SFR-A2 This SR ensures that relationships between failure probabilities of individual SSCs are appropriately

modeled in the SPRA.
Two SSCs are independent if the probability of both failing together is the product of their individual

fai}buc PlULClLi};‘LiCD. ‘VAJI ICIT fC{i}bllCD Uf :.VVU SSCD dItT llUl ;1 ldclJCl ldcll‘l., .l.} ICIT ‘l,} 1< :.VVU SSCD dItT Dﬂid ‘LU }JC
dependent. The relationship between the two SSCs underlying this dependency could be causal (i.e.,
failure of one SSC triggers the failure of the other—for example, a component mounted in a structure,
where collapse of the structure causes failure of the component) or otherwise, and this relationship
should be represented in the plant-response model. Causal dependencies are usually directly represented
in the plant-response model through appropriate logic gates. Noncausal dependencies may be
represented in the plant-response model through some combination of systems logic, groGping, and
fragility correlation.

Fragility correlation is a dependency between two SSCs’ ground motion capacities that'can be
represented by a linear relationship. Perfect correlation between two SSC fragilities occurs when the
SSC ground motion capacities (i.e., a random variable whose cumulative distribution function is usually
defined by a double-log-normal curve and the fragility parameters median gtpiund motion capacity,
logarithmic standard deviation for randomness, and logarithmic standard deviation for uncertainty)

are linearly proportional. As such, for perfectly correlated SSCs, the conditional probability of failure of
one SSC given the failure of the other is higher than its original (uncénditional) failure probability. SSCs
with uncorrelated fragilities have no linear dependence between their ground motion capacities, and
knowledge about failure of one SSC does not inform the failure probability of the other. Many situations
occur somewhere between these two extremes, wherein a pattial correlation is said to exist between

the two fragilities. Current SPRA practice idealizes partial cotrelations as either perfectly correlated or
uncorrelated, whichever of the two is more appropriaté\(a rigorous treatment of partial correlations is
presented in NUREG/CR-7237 [5-A-17]).

The determination of whether two or more SSCs’ fragilities are correlated and the degree of correlation
requires a comparison of

(a) seismic demands associated with the SSCGfailure mechanisms (acceleration demands due to seismic
shaking, displacement demands in case of seismic spatial interaction, etc.)

(b) seismic capacity associated with the §SC failure mechanism (relay chatter acceleration capacity,
anchor capacity, etc.)

SSCs of similar construction (e.g., equipment type, materials, physical configuration), installed in a
similar fashion (e.g., directionahérientation, anchorage type), and located near each other (e.g., in the
same area, floor, and building)ate expected to have similar failure mechanisms, seismic demands, failure
modes, and seismic capacities. As such, the seismic fragilities for these SSCs are typically modeled as
perfectly correlated. Consequently, information pertinent to similarity among component construction,
installation, and location should be reviewed and included in the basis for decisions regarding fragility
correlation in the.systems-risk model.

However, determining the appropriate idealization (uncorrelated or perfectly correlated) may not be
straightforward in many cases. Consider two dissimilar SSCs with similar dominant frequencies located
next to each dther. If the seismic-fragility variabilities of the two SSCs are almost completely dominated
by variability in the seismic demands (e.g., due to large variability in the soil properties underlying the
building) and the difference in the seismic capacities associated with the failure mechanisms (which
may.or may not be similar) is small, then significant partial correlation may exist between the two SSC
fragilities. Communication between the fragility and systems analysts is important in such situations to
ascertain the appropriate modeling idealization: for example, if modeling the two SSCs as uncorrelated
produces conservative risk results with negligible impact on the overall risk insights (as determined from
sensitivity analyses), it may be appropriate to ignore the nontrivial partial correlation between the two
SSCs.
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Table 5-A.2.2-3 Commentary to Supporting Requirements for HLR-SFR-B

Index No.
SFR-B Commentary
SFR-B1 The relationship between structure response and amplitude of seismic input motion is inherently

nonlinear across the range of accelerations considered in an SPRA. SPRAs are often quantified for Sa

or PGA ranging from 0Og to 5g or greater Due to the nonlinear nature of soil and structure behavior, the

lePUlle dtl Cllly SIVCIl dLLUlCIdLlUll lll I.lllb ldllsc Wlll UE d 1uuu.1uu Ul. L)Ul.ll I.J.lU lJ.lPul. SIUUIIU lllUl.lUJ.l dlll
its effect on the nonlinear characteristics of the system. Ideally, structure response analyses would-be
performed at several different input levels to determine the varying seismic demands on SSCs across
full range of ground motion levels for which the probability of failure of any credited SSC contributes
to overall risk. In practice, however, some simplification is generally warranted. Therefore, ‘an elastic
structure response analysis is typically performed to develop in-structure response spectta (ISRS) for
input level, defined by the Reference Earthquake (RE), and the ISRS is linearly scaled(te,other input le
as a simplifying approximation.

The intent of this SR is to ensure that the seismic demands used in fragility analysis (HLR-SFR-E),
including any corresponding simplifications, are sufficiently realistic (or conservative for CC-I) to not
significantly bias the overall SPRA results and risk insights. Many different.response-analysis approad
could potentially meet this intent, and this Nonmandatory Appendix dogs-hot endorse any one appro
as preferred over any other. Rather, the commentary below outlines several elements that should be
considered and briefly describes an approach that has been used in.past SPRAs to meet the intent of 5
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SFR-B1. The following elements should be considered in the seismic response analysis to ensure adeqpiate

realism:
(a) Nonlinearity in seismic response with increasing ground mation input levels (e.g., closing of gaps, buildj

to-building interaction, strain-compatible soil properties,degradation effects such as concrete cracking

steel yielding, increased damping, reduced stiffness)<Pgtential nonlinear effects should be identified,
nonlinearities that are found to have a significant effect on the SPRA results should be directly addres:
in the SPRA.

(b) RE or Hazard Range of Interest (HROI): The’specific (or range of) ground motion levels for which
SPRA results and risk insights are most sensgitive to seismic demands on SSCs should be identified an
understood to inform the selection of analysis simplifications for seismic response analysis. The range
ground motion levels should be selected and used such that it does not introduce significant bias in th
SPRA results.
(c) The response spectrum shape usedsto define seismic input to the response analysis: In general, the UHS sh
will differ somewhat at different/ground motion input levels. The shape of the input response spectra
should be defined to ensureit-does not introduce significant bias in the SPRA results.

(d) The ground motion refexerice parameter (e.g., PGA or Sa and control point: Most SPRAs express fragiliti
in terms of PGA at a spedific control point (e.g., at the ground surface, top of rock, basemat of the reac
building), and then the risk quantification convolves the fragilities with the PGA hazard defined at thg
same control point: It can also be acceptable, and sometimes preferred, to express fragilities in other
terms, such as'the average ground Sa over an important frequency range. Whatever parameter and

control point.is selected, they must be used consistently throughout the SPRA within the Seismic Haz4

Analysis, Seismic Fragility Analysis, and Seismic Plant Response Analysis technical elements.

(e) Iuput time histories: SPRAs typically use time history analysis to develop ISRS for input to equipm
seismic fragilities. The input ground motion time histories must be selected, developed, and/or
conditioned in such a way to preclude introducing significant bias into the SPRA results.

Further discussion is provided below on these elements as they pertain to meeting the intent of SR
SFR-B1.
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Table 5-A.2.2-3 Commentary to Supporting Requirements for HLR-SFR-B (Cont’d)

Index No.
SFR-B Commentary
SFR-B1 Structure response analyses in SPRAs to date have typically been performed at a single input level and
(Cont’d) then linearly scaled to estimate responses at other levels. To minimize bias introduced by this linear

appr0x1mat10n the analyses are performed usmg 5011/ structure propertles (stlffness and dampmg) and
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ground motion input (spectrum shape and level). The RE should be selected carefully and subsequently
validated when following this simplified approach to structural response analyses. One reasonable
approach for selecting an RE is as follows:
(a) Estimate one or both of the following based on available information prior to performing seismic
response analyses:
(1)  Estimate the SCDF and SLERF based on the best available information prior to performing the
SPRA. The estimate should consider the seismic design criteria, prior SPRA (site specific or from
similar plants), and the latest site-specific seismic-hazard estimate relative to priot-hazard estimates.
(2) Estimate a plant-level fragility for core damage and large early release hased on the best
available information prior to performing the SPRA. The plant-level fragilitynis'the conditional
probability of the damage state as a function of input level (e.g., the SCDEplant-level fragility is
the conditional core damage probability as a function of input level).{he fragility estimate should
consider the seismic design criteria, past evaluations (Seismic Margin‘Assessment, Systematic
Evaluation Program, Individual Plant Examination of External Bvents, Expedited Seismic Evaluation
Process, etc.) and the latest hazard. Based on experience, logarithmic standard deviations (B) for a
plant-level fragility are typically in the range of 0.3 to 0.5.
(b) Convolve the plant-level fragility (or candidate fragilities) with the site-specific seismic hazard to
estimate the seismic risk (SCDF and/or SLERF). The convolution is typically performed by numerical
integration. Trial-and-error iterative approaches can be‘used to test candidate seismic fragilities and/
or seismic risks, depending on choice of (2)(1) and (a)(2) above and available information, to arrive at
an RE definition considering all site-specific insights-The resulting risk and/or fragility will necessarily
depend on the judgment of the engineer and shduld be validated and potentially adjusted as the SPRA
progresses.
(c) Inspect the convolution results across.the range of input levels considered and use this information
to identify the input level that contributés’most significantly to seismic risk. The significance of risk
contribution from various input levels-éan be judged several ways, such as the following examples:
(1) the level at which the cumulative risk (SCDF or SLERF) reaches 50% of the total
(2) the level where the integrand of the convolution integral is maximized (the integrand can be
considered a “risk density)
(3) the level where the $lope of the plant-level fragility curve is greatest
(d) Select a UHS withan Annual Exceedance Frequency that is reasonably aligned with the dominant
input level. The UHS'selected is the RE. Conventionally, the RE is selected as either the 1.0E-4 or 1.0E-5
UHS. If the domijnant input level lies between the 1.0E-4 and 1.0E-5 UHS, then the RE is often instead
defined as the Grotind Motion Response Spectrum per ASCE 4-16 [5-A-18]. For very low-hazard and/or
seismically rébust plants, the dominant input level could be closer to the 1.0E-6 UHS.
(e) As initial SPRA results become available, the risk-dominant input level should be evaluated to
assess whether it is reasonably aligned with the RE. If it is anticipated that the final SPRA results will
show significant misalignment between the dominant input level and the RE, then the effect of the
misalignment should be evaluated. Examples where the SPRA results may motivate potential adjustment
to-the RE selection and/or potential extension or enhancement of the structure response analyses include
the following:
(1)  Existence of low-capacity/high-importance SSCs: In these cases, the RE may be at a higher ground
motion than the failure level of such SSCs, such that the estimated fragility of these SSCs could be
unrealistic.

(Z) Existence of ligh-capacity/igh-iniportance 55Cs: In these cases, the KE may be at a Jower ground
motion than the failure level of such SSCs, such that the estimated fragility for these SSCs could be
unrealistic.

(3)  Broad range of risk contribution: In these cases, the seismic risk may be governed by a wide range
of relatively equally significant SSC fragilities, such that the selection of a single RE may not be
representative of the risk contribution for each.
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Table 5-A.2.2-3 Commentary to Supporting Requirements for HLR-SFR-B (Cont’d)

Index No.
SFR-B Commentary
SFR-B1 (4) Low hazard and/or robust plant: In these cases, the SSC fragilities can be sufficiently high such
(Cont’d) that meaningful probability of failure coincides only with extremely rare earthquakes, and risk

contribution can end up “smeared” across a wide range of large ground motion levels.
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than the initiation of significant nonlinear effects resulting in SSC fragilities greater than this level
could be unrealistic. Examples include building-to-building impact, nuclear steam supply system
(NSSS) support conditions in a pressurized water reactor, onset of foundation sliding, and pthers.
Once the RE or HROI selection is made, then other technical decisions related to the topics infroduced
earlier in this text may follow, as discussed in the paragraphs below. If an alternative simplification fo
seismic response analysis is taken (i.e., rather than a single RE/HROI), then similar (but perhaps broa
decisions should still be made, with the following discussion still relevant.
The RE selection defines the degradation levels (e.g., strain-compatible soil progerties, building mode

parameters such as stiffness and damping, contact when gaps close) used ineismic response analyse$.

S8

Her)

ing

Structure and soil properties tend to degrade when subjected to higher levels'of ground motion. In sojne

beyond-design-basis events, the behavior of the soil-structure system wilbbe dominated by nonlinear
soil effects and/or significant concrete cracking. Therefore, modeling{inputs used in the seismic respo.
should correspond to the level of structure and soil material degradation expected for the RE level an
spectral shape. SR SFR-B1 requires that the RE shape, input leveland corresponding degradation stat
of soil and building models do not introduce significant error oz bias in the SPRA results.
Another important aspect of SR SFR-B1 is the selection of the-ground motion reference parameter (e.g., P
or Sa) and control point used in the convolution of fragilifies and the plant seismic-hazard curve. The tw
common ground motion parameters used in SPRAs aré the PGA and average Sa. Average Sa is considerg
good indicator of earthquake damaging effects and fssometimes preferred as the ground motion paramsg
for fragility analysis. However, PGA has historicallyxbeen used in more SPRAs and therefore may be mo
familiar to the hazard, fragility, and systems engin€ers. It is essential, however, that whichever paramete
is chosen, it be used consistently throughout the SPRA process. Similarly, the seismic-hazard curves, RE
ground motion, and fragilities must be defihed at a common control point that is used consistently in the
response analysis, fragility analysis, and-risk quantification. It would be erroneous, for example, to expre
fragilities in terms of the PGA at the ground surface and then to convolve them with PGA hazard curves
defined at a control point at depth'within the underlying soil /rock.

When input to seismic response.dnalyses is defined by time histories, the time histories should be
developed to be consistent with the selected ground motion input level, control point, and spectral
shape. Several industry guidance documents provide guidance for creating artificial time histories an
or selecting and conditioning natural seeds. For example, ASCE 4-16 [5-A-18] provides design criteria
time history matching. The guidance and commentary in the industry literature should be considered|
when developing time histories to ensure and justify that the time histories used in the response analy
do not introduice/significant error or bias into the SPRA results.

SR SFR-B1 uses different action verbs for CC-I (ESTIMATE) and CC-II (CALCULATE). Here, it is impor
to distinguish between “estimated response” and “calculated response.” In general, an estimated respof
is that'in'which a rigorous analytical process is avoided by relying on the judgment of the engineer or
simplistic mathematical approximations. Typically, estimated responses will be somewhat conservative
biased. In the context of SR SFR-B1, a typical example of an “estimated” response could be when in-
structure response of one building is used for another similar building. Another common example is
when approximate RE ISRS is estimated by scaling design ISRS. SR SFR-B1 permits the use of estimated
responses in CC-I for all SSCs, whereas for CC-II, calculated responses are required for risk-significant
such that the approximations do not significantly bias the SPRA results or risk insights.

In summary, SR SFR-B1 requires that the seismic response analysis be sufficiently realistic (or
appropriately conservative) such that any approximations introduced do not significantly bias or alte1
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The SPRA Tesulls or TisK insights. A few Key elements that should be considered are nonlinearity mn
response with increasing input levels, the definition of the site-specific input spectral shape and input

level (e.g., RE), the reference parameter and control point, and development of input time histories. This

list of key elements is not intended to be an exhaustive list, as there are many more considerations in

developing realistic seismic response. SR SFR-B2, SR SFR-B3, SR SFR-B4, SR SFR-B5, and SR SFR-B6 focus
on several other elements of the seismic response analysis that are required to obtain sufficiently realistic

(or appropriately conservative) seismic response.
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Table 5-A.2.2-3 Commentary to Supporting Requirements for HLR-SFR-B (Cont’d)

Index No.

SFR-B

Commentary

SFR-B2

The scaling procedures given in EPRI NP-6041 [5-A-19] and EPRI 3002012994 [5-A-16] may be used.
Scaling of existing ISRS should consider the shapes of the original and new ground motion spectra,
structural natural frequencies, mode shapes, and participation factors. Justification needs to be provided

li‘ Ll ICIT dI bisl lii‘iLdllL L‘{if{ﬁlﬁll(.cb ill Lllﬁ Pl ICTTOIIICT Id l.lldl. llld_y 1U€ il ladt‘quatcly IEPICbtflll.tfd 1U_y lillﬁdlly
scaling responses, including structural dynamic characteristics between the original model and the
current configuration, foundation characteristics (e.g., nonlinear soil properties), and ground motioxn
spectra.

There is an important distinction between the “scaling” mentioned in SR SFR-B1 (“provide a basis

for scaling response from one ground motion level to another”) and SR SFR-B2 (“If scaling of existing
response analysis is used . . .”). The former refers to an approximation in which structureesponse
analysis is performed for one ground motion level (i.e., the RE), and then responses atetler levels

are treated as linearly proportional to ground motion level (e.g., a twofold increase if)input is treated
as producing an approximately twofold increase in response). The latter refers to/a.more general
approximation in which response to a new ground motion spectrum is scaled fronr'an analysis that used
a different ground motion spectrum. In this latter, more general case, the chaijge in response is affected
not only by the amplitude of the seismic input but also by the change in shape of the input spectra,
structural dynamic characteristics, and so on.

SFR-B3

The adequacy of building models for use in SPRA will depend on their ability to capture the realistic
response of their as-built, as-operated condition. Important modeling features affecting seismic response
include equipment masses, dynamic coupling of secondary systeims, floor diaphragm flexibility, soil
embedment, floor torsional effects, sloshing, directional coupling, rotational inertia, and torsional effects.
Caution should be exercised when reusing older (e.g., design-basis) building models as important
modeling details may have been defined with obsolete methods or conservative bias. Conservative biases
would lead to a misrepresentation of the structural dynamic response. Structural modeling parameters
with large sources of uncertainty should also be considered in an SPRA. These modeling parameters
include, for example, structural damping and:stiffness modifiers consistent with the response behaviors
exhibited at the selected ground motion level as required in SR SFR-B1.

Experience has shown that the effort to aehieve realistic estimates of building-modeling properties

could require considerable analytical and computer time, thus incurring excessive project resources. To
this end, structural analysts should maintain a balanced philosophy between the interim objective of
achieving reasonable estimates of median modeling features and the overall goal of achieving reliable
PRA results for future risk-infarmed decisions. The structural modeling approach can be considered as

a source of model uncertainty.and the effects of the modeling assumptions would need to be justified on
the risk-informed decision béing made.

SFR-B4

EPRI 3002012994 [5-A=16] provides guidance for determining median-centered seismic response

and its variability. due to randomness and uncertainty in the various parameters affecting seismic
response. Variability in the various parameters could also be estimated based on available test data with
appropriate justification.

This SR requires the estimation of the variability in the best-estimate response. The variability can be
expressed as “composite” or separately as aleatory and epistemic.
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Table 5-A.2.2-3 Commentary to Supporting Requirements for HLR-SFR-B (Cont’d)

Index No.
SFR-B

Commentary

SFR-B5

SSI effects could be significant for certain sites based on the site soil conditions, construction
configuration, and/or structural properties. The potential effect of SSI and the subsequent decision for
whether SSI is considered or not should be assessed and documented. If SSI effects are considered to

1UC bigllifil,dlll., ASCE 4_10 [5‘A'18] dl lb‘l EFRI 3002012794 [S_A'l(J] PlUVidE 5uidtlil 1S IUI PCIIULIIlil 15 S-.nI
analysis, including treatment of variabilities.
Guidance is available [5-A-20] for conditions where SSI effects may not need to be considered, such @as for
rock sites. However, for rock sites, the effects of spatial incoherence of seismic ground motion ¢ould be
significant and should be considered. Ground motion incoherence typically lowers the structural respopse
at higher frequencies (>10 Hz) while it typically increases rocking and torsion response.
The distinction between CC-I and CC-II is twofold. First, CC-I does not specifically réquire SSI effects fo
be considered, whereas CC-II requires them to be considered if they are significanttg’structural respofse.
Second, the level of rigor required when considering SSI effects is higher for C@-JLthan for CC-I. For
example, for CC-I applications, a simplified stick model with soil springs may.be'sufficient to estimate
SSI response, whereas for CC-II applications, a more detailed analysis acceunting for the embedment
effects, incoherency, and so on may be necessary to calculate SSI response»Additionally, for CC-I
applications, it may be sufficient to use approximate soil properties based on a nearby facility or a site
with similar materials (e.g., as long as they are reasonable and appropfiate for the geotechnical materipls
and hazard level for the site in question), whereas CC-II applications require the use of soil properties
from site-specific geotechnical characterization with specific strain compatibility to the hazard level(s
considered.

Either deterministic or probabilistic SSI analyses can be{performed. As soil properties (shear wave
velocity, damping, etc.) are strain dependent, soil properties for SSI should be consistent with the

site seismic-hazard level defined in SR SFR-B1. Variability in soil properties needs to be considered.
Whenever possible, it is preferred for variability.innsoil properties considered for SSI to be defined
consistently with the variability in soil propertieés’considered in site response analysis as part of PSHA.
These variabilities should be propagated thfeugh the SSI analyses so that their effects on the structure
response can be quantified. Quantification’of the effect of variabilities can be reported in various forms,
including as estimates of both median and some fractile (e.g., 84th percentile) of response or as measufes
of structural response variability (e.g.) coefficient of variation, logarithmic standard deviation) directly.

SFR-B6

The probabilistic response analysis requires a sufficient number of simulations to be able to rigorously,
quantify the aleatory and epistemic variabilities in the free-field ground motion, the building and
foundation media stiffness;, damping values, and so on. The treatment of the aleatory variabilities can
be accomplished throughsthe collection of ensembles of ground motion time history sets, preferably
obtained from an earthquake catalogue of recorded motions. Each of the input-motion sets shall consip
of two horizontal cemponents and one vertical component. These time histories should be compatible
with the seismicthazard (e.g., UHS) at the appropriate control point. Epistemic variabilities quantify
uncertainty (n thie behavior of the soil-structure system, such as uncertainty in soil shear modulus, soi
material damping, and the structure dynamic characteristics. Uncertainty in the structural dynamic
charagtexistics is typically addressed by varying the structure fixed-base frequencies and modal dampjing.
Thefprobability distribution function can be derived by various methods of sampling, including Latin
Hypetcube Simulation. The analyst must ensure that a sufficient number of simulations are performedl
teachieve stable probabilistic distributions for the response parameters. For example, a sensitivity study
conducted by EPRI [5-A-21] demonstrated that the use of 30 Latin Hypercube simulations was suffici¢nt
to yield stable median values and logarithmic standard deviations of selected response quantities.
Additional guidance on the number of simulations is provided in ASCE 4-16 [5-A-18].

The probabilistic seismic response analyses performed in the early days would require generation of
30 sets of time histories for the input ground motions, which were defined by the median and 84th
pprrpnﬁ]p Cround Rpcrmncp Qpprh‘n (GRS) The 84th Pprr‘pnﬁ]n GRS was nised to acconunt for nnr*nrfnimty

-

in the spectral shape (so-called peak-to-valley variability). The 30 sets of time histories were adjusted

so that their median and 84th percentile GRS would closely match the corresponding GRS. The other
response variables explicitly considered in the probabilistic response analyses were structure stiffness
and damping and soil shear modulus and material damping. Thus, from the resulting statistically
calculated median and 84th percentile ISRS, one could obtain a composite variability for response due
to variability associated with the input ground motion, the structure model, and the soils. Refer to EPRI
Report 3002012994, Appendix H [5-A-16] for historical context for why such peak-to-valley variability is
no longer explicitly included in seismic response analysis.
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Table 5-A.2.2-4 Commentary to Supporting Requirements for HLR-SFR-C

Index No.

SFR-C

Commentary

SFR-C1

The term “inherently rugged” refers to seismic capacities well beyond the capacities of SSCs that
normally govern seismic risk. As such, there is very high confidence that inherently rugged SSCs will
not significantly contribute to seismic risk, regardless of the site-specific seismic-hazard level. Typical

FRRILCDIINIC A 10 ERRL
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Report 3002012994 [5-A-16] include extensive discussions on the meaning of “inherently rugged,” as well
as a list of types of SSCs that are typically considered inherently rugged.

This SR requires specifying the basis used for defining the list of what are considered as inherently
rugged components, which in general should be regardless of the site seismicity.

In practice, there could be scenarios where fragility analysts may want to expand the available generic
lists of inherently rugged component types (e.g., provided in the EPRI SPRAIG [5-A-22]) @ith the intent
to screen a larger set of SSCs from inclusion in the systems model and risk quantificatipn/For example,

it is commonly acceptable to categorize manual valves as inherently rugged comporients without
developing an explicit, rigorous justification for their seismic ruggedness. Howeyer, fragility analysts
may judge other nonconventional SSC types (e.g., other than those listed in SRID,[5-A-20]) as inherently
rugged, such as small pumps, motor operated valves, air operated valves, oriwrall mounted instruments.
In this case, plant-specific justification should be provided to demonstrate that the additional SSCs
identified as inherently rugged have sufficiently high capacities relative fo 0ther SSCs in the SEL to
warrant screening them out from the systems model and quantification."A similar example exists where
certain SSCs have sufficiently low seismic demands (as opposed, to\sutficiently high capacities) relative to
other SSCs in the SEL to warrant screening them out from the systems model, such as when a portion of
the plant is seismically isolated, effectively reducing the seistnic demand on SSCs supported “above” the
isolators.

SFK

The fragility analysis in an SPRA should focus projectresources on SSCs that are important to plant risk.
A fragility threshold level is first established by the systems analyst (as required in SR SPR-B5) in terms
of a ground motion parameter (e.g., PGA or Sa). The fragility analyst will then compare capacities of
SSCs in the SEL (also expressed in terms of theréference ground motion parameter) with the fragility
threshold level. This SR requires that the SPRA‘provide the basis and methodology employed for
developing the methodology used to compare the SSC capacities with the fragility threshold level.
Guidance that can be used for establishing the basis for the fragility threshold is provided in various
documents for developing seismic capacities of SSCs after satisfying specific caveats. For example, EPRI
3002012994 [5-A-16] and EPRI NP-6041-SL [5-A-19] provide generic fragility screening-level seismic
capacities as well as guidance on*how to justify that SSCs meet the fragility-screening levels. This
approach can be used to satisfy this SR provided that the generic screening-level capacities are high
enough to meet the fragility-threshold established by the systems analyst (SR SPR-B5). However, the
fragility threshold leyéh(SR SPR-B5) in high-seismicity sites may be higher than the generic screening-
level capacities provided in EPRI 3002012994 [5-A-16] and EPRI NP-6041-SL [5-A-19]. For these cases, the
analyst should develop and justify alternate criteria to establish seismic capacities for comparison with
the higher fragility threshold level (SR SPR-B5). The capacities could be based on a combination of use of
the site seismie’design criteria, site-specific test data, and bounding analyses.
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Table 5-A.2.2-5 Commentary to Supporting Requirements for HLR-SFR-D

Index No.

SFR-D

Commentary

SFR-D1

It is important to note the difference between the intent of SR SFR-C2 and SR SFR-D1. First, SR SFR-C2
requires the fragility analyst to clearly document the basis for screening components by using industry-
accepted methodologles these bemg, for example past experlence data, ]udgment of the engmeer or

hnial sl m ]
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that it requires a clear identification of those SSCs that meet the fragility threshold provided in SR
SFR-C2. SR SFR-D1 also includes the requirement to ensure that anchorage or structural supporting
condition of the component also meets the fragility threshold. Thus, both functional and struétural-
related failure modes are assessed in the screening process.

The fragility threshold criteria defined in HLR-SFR-C are applicable to SR SFR-D5, SR SFR-D6, and
SR SFR-D7.

SFR-D2

The purpose of the SPRA walkdown is to verify that the component fragility curyes are consistent with
the current plant configuration. The SPRA walkdown is vital to confirming screefiing applicability (S
SFR-D1), collecting information necessary for fragility calculations, and idenitifying anchorage and
interaction concerns. Ideally, the walkdown team includes adequate experi€rice to make appropriate
judgments concerning credible failure mechanisms, potentially significant interactions, and informati¢pn
potentially significant to fragility calculations.

When determining the scope and details of the walkdown, it is important that the intent of the
walkdown be considered. The intent is to identify items that invalidate modeling in the PRA to such an
extent that the model does not reasonably represent the as-built, as-operated plant. In keeping with thiis
intent, it is acceptable that conditions that can be justified ds not likely to affect the results (i.e., will nof
change the risk profile or insights) do not need to be validated. As such, and per Inquiry 20-2435 [5-A{26],
it is not required that 100% walkdown be performedyif.adequate justification can be provided that a lepser
scope will suffice. Various justifications could be considered valid, but they must show that (a) items that
could have a significant impact were walked doWwn and (b) those items not walked down could not hajve
a significant impact. The following are examples of possible justifications:

(a) Bounding Risk Impact: If the importaneetheasure of an item is low, such that even if the item were
assumed failed all the time, the PRA results would not meaningfully change.

(b) Adequacy of Documentation: Therejs\a sufficient weight of evidence, through drawings, photos/
videos, analyses, or interviews witliknowledgeable plant staff, that the conditions are as assumed in the
PRA.

(c) Impact of Possible Discoveries: Given past experience with the types of deviations typically found
during walkdowns, it is net,eredible or likely that a deviation would be found that could affect the
conditions assumed inrthe'PRA to the extent required to meaningfully change the results.
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Table 5-A.2.2-5 Commentary to Supporting Requirements for HLR-SFR-D (Cont’d)

Index No.
SFR-D

Commentary

SFR-D3

In the context of fragility, a seismic vulnerability is defined as any failure mechanism for an SSC,
which could control the seismic capacity in the fragility analysis of that SSC. In addition to review of
de51gn documents, the identification of selsrmc Vulnerablhtles involves detailed plant walkdowns by

CI 1611 ICTIS NIU vV ICMECQUIC 11[ DCLDIL ll\_ PCLLULIL LAIICT Ul JL}\_,D, I.l lClL UCDLBI[ fbll |\ llUl 1S5, dI l\.,l l,l lCll \.lll,l\_ﬂl fﬂll UuItc
mechanisms. Examples of seismic vulnerabilities include weaknesses in the anchorage load path, excess
flexibility in the attachment and load path of internal subassemblies (which may lead to sensitivity toJow
frequency or vertical direction seismic input), insufficient commodity clearance, differential displacement
issues, overhead seismic interaction falling hazards, and poor plant maintenance that may have'an
impact on component functionality.

The focus of CC-1is to identify seismic vulnerabilities so that the assumptions and the us€ef generic
seismic fragilities are conservative. For example, if seismic-experience-based generic capacity is intended
to be used for an air-handling unit, then the walkdown should ensure that all potential vulnerabilities
that may result in capacity less than the generic capacity are identified. This evalgation process should
not only verify compliance with the applicable experience-based caveats and inclusion rules but also
verify that all potential seismic interactions, such as potential falling of masotwy walls, have capacities
exceeding the seismic-experience-based capacity that will be assigned to that air handling unit.

The focus of CC-II is to identify seismic vulnerabilities so that the seismi¢~ffagility calculations can be
realistic and plant specific as needed. It is critical that all seismic vulfenabilities that may control seismic
fragility are captured during the walkdown and carried through to\the fragility analysis and that the
identification of seismic vulnerabilities be thorough and realistie, At the time of the walkdown, excess
conservatism cannot be arbitrarily used because it is typically not known yet if the component is going
to be a dominant contributor to plant risk. The walkdown(should realistically identify the seismic
vulnerabilities appropriate for each SSC. For example, éonsider that a component vulnerable to impact
may be within close proximity to a poorly anchored héat exchanger. However, the configuration of floor
penetrations associated with the heat exchanger anid\attached piping may preclude the heat exchanger
from deflecting toward and reaching the compofient. In this case, the proximity to the heat exchanger is
not a realistic seismic vulnerability for that component. If the fragility analysis were incorrectly governed
by the capacity of the heat exchanger, then that low-capacity fragility would not be realistic and may
mask the SPRA from identifying true pldnt vulnerabilities.

Conversely, as a second example, consider an electrical cabinet with seismic capacity verified by shake-
table fragility testing in close proxinity to a tall masonry wall with seismic capacity higher than the
capacity of the cabinet. However-prior to experiencing seismic motion consistent with the seismic
capacity level of the electrical\Cabinet, the masonry wall may deflect out of plane and strike the electrical
cabinet with enough force'such that functionality of the cabinet is lost. If the deflection of the masonry
wall is not identified as a vulnerability during walkdown, then the fragility analysis may significantly
overestimate the seismic capacity of the electrical cabinet.

SFR

Here the term “failpire mechanism” refers to the seismically induced failure of interest in a fragility
calculation such as pullout of anchors, excessive bending of a valve yoke, or circuit burnout in cabinets.

SER

No commeéntary provided.

SFR

No commeéntary provided.

SFK

During a walkdown, the walkdown team may observe hundreds of credible seismic interactions. For
example, two adjacent conduits may impact each other during an earthquake. However, the earthquake
experience data have shown that these types of interactions do not pose a risk to the intended plant-
safety functions. Thus, the walkdown team must exercise judgment as to when a credible interaction may
be risk significant and warrant further evaluation. Guidance is available in EPRT NP-6041-SL [5-A-19]
and the SQUG GIP [5-A-23].

Setsmic Mteractions that May alfect S5C3 Mtended TUnctions O Operator actions ncitde proxXimity
impacts (e.g., impact between cabinets), falling hazards (e.g., failure and falling of nonseismically
designed SSCs and masonry walls), and differential displacements (e.g., differential building
displacements).
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Table 5-A.2.2-6 Commentary to Supporting Requirements for HLR-SFR-E

Index No.
SFR-E Commentary
SFR-E1 This SR requires the identification of relevant seismically induced failure mechanisms of structures,

equipment and soil. These failure mechanisms become the focus for fragility calculations performed
in SR SFR-E2. The failure mechanisms evaluated in the fraglhty calculations should be related to the
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evaluated because they can lead to functional failures in the equipment. Interaction failure modes.suc
as block wall failures near SEL equipment should be evaluated if the interaction would preventthe
equipment from performing its credited function.

SR SFR-E1 involves the identification of relevant and realistic failure modes of structures, equipment,
and soil. For structures, typical failure mechanisms include sliding, overturning, yieldingyand excessi
drift. For equipment, typical failure mechanisms include anchorage failure, functional’fdilure, impact

Ve

with adjacent equipment or structures, and bracing failures. For soils, typical failure mechanisms inclfide

liquefaction, slope instability, and excessive differential settlement.

In CC-J, failure mechanisms can be identified in a less rigorous manner than&€C-1I. The CC-I evaluati
may take the form of identifying the most likely failure mechanism for a given’SSC, whereas for CC-IJ
it may be necessary to identify more than one likely failure mechanism t¢yeonsider in the SSC fragility]
calculation.

This SR allows the use of a conservative failure mechanism to establish the fragility parameters at

the component level; however, the fragility analyst needs to have-a proper understanding about the
components’ dependency. For example, the intent of the “rule of'the box” for equipment is that all

of the components mounted on or in this equipment are considered to be part of that equipment

and do not have to be evaluated separately. The fragility analyst can identify the “rule of the box”
components; however, auxiliary components that arelngt'mounted on the equipment but are needed &
the equipment to fulfill its intended function need to'bé evaluated separately. The fragility analyst can|
gather information about the dependency from the system engineers or by reviewing the plant drawii
(e.g., piping and instrument drawings, single-line electrical, anchorage drawings, walkdown notes). Tj
scope may include sections of piping, cable tfays, or supports that are not part of the failure mechanis
but can impact the other components. Another example is the LOOP with the typical generic fragility
parameters, which allows exclusion ofithe fragilities for components that are dependent on off-site po
at median 0.3g earthquake or greatefZHowever, fragilities for components that are dependent on off-s
power at lower than 0.3g medianearthquake need to be developed. The fragility analyst needs to ider]
and include any correlation with)a redundant component. Correlation may depend on component
characteristics, physical sepdration, and location within the plant. The correlation, dependency, and

n

y
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failure mechanism maybedsed for combining SSCs into groups, which reduces the number of fragilifies

used in the plant-response model.

The term “risk significant” is defined in Section 1-1.9 of this Standard. In general, in the context of
fragility analysisy“risk significant” generally refers to SSCs that significantly contribute to SCDF and
SLERF.

or
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Table 5-A.2.2-6 Commentary to Supporting Requirements for HLR-SFR-E (Cont’d)

Index No.

SFR-E

Commentary

SFR-E2

Realistic and site-specific fragilities are required for the risk-significant SSCs in the SPRA model
unless conservative or generic fragilities can be justified as being appropriate for the plant. The
term “conservative” fraglhty refers to assumptions made in the fraglhty analy51s that are purposely
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loads on the pump without crediting all of the supports on the attached piping, which, if credited, would
increase the pump capacity. Justification for the conservatively biased pump fragility can be provided

by reviewing in detail the dominant SSC contribution in the overall risk profile. SSCs that have a small
impact on the risk profile may not require realistic fragilities. These small-impact SSCs may be justified as
appropriate for the plant through importance measures such as a low Fussell-Vesely value or'by showing
that further refinement in the fragility analysis would not appreciably change the SSC contribution.

More detailed and realistic fragilities are required for SSCs that have a large impact onsthé overall risk
profile if generic or conservative fragilities cannot be justified as appropriate. Justification for these

large impact SSCs may include a sensitivity study that shows the result of an estimated higher capacity
realistic fragility significantly changes neither the risk metrics nor the risk insights-(e.g., does not create

a masking concern). The combined effect of multiple generic or conservative'fragilities should be
considered in these sensitivity studies due to SSC dependency in the PRA‘model. The intent is to provide
justification that no generic or conservative fragility is preventing an SSCffom being identified as risk
significant (e.g., masking the contribution of other SSCs) in the SPRA.model. It is understood that these
sensitivity studies may result in reordering of the top contributors of-a single top-contributing SSC

could drop in importance with the remainder not substantially eltanged, which would be acceptable.

The masking concern would be a notable increase in risk sighificance (e.g., when a small contributor

SSC instantly becomes a large contributor) during a sensitivity study on a large contributor SSC or group
of SSCs.

Some examples of generic fragilities that are often latge contributors to an SPRA are LOOP and

very small LOCA (VSLOCA). The use of generic fragilities may be appropriate for the plant, given
justification. Some generic fragilities like the VSIZOCA may provide a significant reduction in SCDF and/
or SLERF when the median capacity is increased; however, a conservative value may still be acceptable if
it is demonstrated that there is no maskingeffect.

The term “failure mode” in SR SFR-E2 fdHows the same definition as in SR SFR-E1, that is, the seismically
induced failure mechanism of interestin fragility calculations such as anchorage pullout, relay chatter,
among many others.

SFR-E3

Functional failure of relays and-¢ther electromechanical contact devices is likely to occur under
earthquake ground motions. Some of these functional failure modes may not affect the credited SPRA
system functions (i.e., acceptable chatter), whereas others may lead to undesired system performance
during an earthquake.

For fragility analysis) the key analysis criterion is typically an assessment of a broadband capacity-
to-demand comparison at the mounting point of the component over the frequency range of interest.
Narrow banded demand and capacity peaks are typically clipped to determine the effective broadband
capacity-tosdemand evaluation. Relay and contactor seismic capacities are typically derived from shake-
table testing:

For CC:l,'éstimates of parameters such as the ISRS, electrical cabinet natural frequencies, effective cabinet
amplification, and representative component capacities can be used. The use of generic or conservative
dstimates should be justified in accordance with SR SFR-E3.

For CC-II, the fragility calculations are expected to be more realistic and make use of plant-specific data.
Parameters used in the fragility calculations should be median centered without a conservative bias.

The use of generic data should be justified in accordance with SR SFR-E3. For example, if more detailed
fragility calculations for a relay or contactor would not result in a significant change in SCDF or SLERF,
this evaluation can be used to demonstrate that the use of the generic or conservative fragility parameters

are appropriate.

SFR-E4

No commentary provided.
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Table 5-A.2.2-6 Commentary to Supporting Requirements for HLR-SFR-E (Cont’d)

Index No.
SFR-E Commentary

SFR-E5 The purpose of this SR is to capture potentially significant assumptions that may impact the
quantification results (see SR SPR-E8). These assumptions are different from parametric uncertainties
of variables affectlng the fragrhty values of components that are already accounted for i in the fragrhty
dr lﬂly DID Lll Cl\zl\.,llllUll LU Lucluu_y 1T 16 Ll 1< PULCL lllCllly 0161 llfl\.ﬂl L dSoSUIl ltl LlUl 1S5, dIt CDLIJI a LC Ul LJ dr léc IIT I.l
fragility values of the affected components needs to be made so that the impact on the quantificatidn
results can be determined.

Examples of potentially significant assumptions in fragility analysis include, but are not limited to

(a) use of representative or conservative fragility values for risk-significant components (see,SR SFR-E2
above)

(b) use of generic seismic experience data in lieu of plant-specific seismic qualificatiob-test data for
components

(c) lumped mass spring models in lieu of 3D finite element models in the structtiral response analysis
(d) neglecting the effects of structure-SSI

(e) neglecting the effects of ground motion incoherence
EPRI Technical Update 1026511 [5-A-24] expands on the above assumptions and provides more detailp
for SPRA applications.

Table 5-A.2.2-7 Commentary to Supporting Requirements for HLR-SFR-F

Index No.
SFR-F Commentary

SFR-F1 The documentation of the fragility results needs‘to provide the required information such that the
results obtained can be followed and replicated; if needed, in future PRA upgrades. A systematic procpss
should be used in referencing different sources for information used in the analysis and calculations.
The methodology used to perform the building seismic response and fragility analyses needs to be

described in the documentation so thatit could facilitate the peer-review process and be used for PRA
applications. A thorough documentation of the judgments made by the engineers needs to be includedl to
facilitate peer review.

SFR-F2 Sources of model uncertaintj.are documented, and their impact on the model needs to be evaluated.
An example for the sourte.of model uncertainty is an issue for which there is no consensus in approagh
(e.g., frequency range of interest, in-cabinet amplification factor used in relay fragilities, degree of
cracking in buildings), and where the approach is known to have impact on the fragility analysis.

5-A.2.3 Commentary-to-Seismic Plant Response Analysis (SPR)

In general, the séismic plant-response model is developed from the internal-events PRA by first reviewing plant-
safety systems ffom'the perspective of seismic safety and subsequently modifying the event and fault trees according
to the seismiesspecific initiating events. Among the characteristics of an SPRA model are the inclusion of the erjtire
range of postulated potential earthquake ground motion levels; the possibility that seismic events may damjage
passivelS5Cs typically not modeled in internal event PRAs; the possibility that seismic events may simultaneofisly
damage multiple redundant SSCs, thus requiring a combination of plant-system responses; and consistent propdga-

surfaced malnly due in part to the insights from the SPRAS in the United States in response to the NRC 50.54(f) letter
[5-A-2]. These advances are in subjects such as seismic-induced fires and flooding, modeling of human response
actions, and correlation between seismic failures. Significant progress has also been made toward a more integrated
and collaborative effort between hazard, fragility, and systems analysts.

The requirements in the Seismic Plant Response Analysis were revised from the previous revision [5-A-4] of
this Standard, with the intent to incorporate these advances in technology resulting from the performance of
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recent SPRAs in the United States. The commentary Notes are intended to clarify the intent of the requirements
and to facilitate collaboration among other technical elements (i.e., Seismic Hazard Analysis and Seismic Fragility
Analysis).

A general methodology for the modeling and quantification of an SPRA is documented in references such as EPRI-
3002000709 [5-A-22], EPRI-1020756 [5-A-21], and EPRI-1025294 [5-A-25].

Table 5-A.2.3-1 Commentary to High Level Requirements for Seismic Probabilistic Risk Assessment:
Technical Requirements for Seismic Plant Response Analysis (SPR)

Designator Commentary
HLR-SPR-A No commentary provided.
HLR-SPR-B No commentary provided.
HLR-SPR-C No commentary provided.
HLR-SPR-D No commentary provided.
HLR-SPR-E No commentary provided.
HLR-SPR-F No commentary provided.

Table 5-A.2.3-2 Commentary to Supporting Requirements for HLR-SPR-A

Injdex No.
SPR-A Comnientary

SPR-A1 The intent of this requirement is to ensure that the entire spectrum of seismically induced initiators is
systematically evaluated, ranging from large catastrophic events resulting in major structural collapse to
smaller magnitude events possibly resulting in a manual or automatic trip due to the seismic event being
above operational limits. The requirement also focuses the attention of the analyst on combined events
such as LOOP and/or a LOCA coineident with other initiators that are normally not considered in the
initiating-event categorization ti$ed in the internal-events PRAs.

SPR-A2 Attention should be givento consequential events such as seismically induced fires, internal and
external floods, and other similar events, as applicable. Existing guidance (see, e.g., [5-A-22]) provides

a reasonably complete'list of seismically induced external hazards to be addressed for the possibility

of seismically inducedrevents. As far as seismically induced internal floods and internal fires, the flood
sources and firefignition sources identified as part of the internal-flood and internal-fire PRAs are,

if available, arr appropriate and consistent starting point. Note, finally, that this requirement works

in conjunctiorn-with SR SHA-H1 and SR SHA-H2 in the identification of other nonvibratory hazards
generated by the seismic event (e.g., soil liquefaction, fault displacement), with emphasis on the effect on
the plant."In principle, any hazard that does not screen from further consideration in SR SHA-H1 and SR
SHALET2 needs to be picked up in the scope of the SPRA explicit modeling.

SPR-A3 Ne’/commentary provided.

SPH-A4 No commentary provided.
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Table 5-A.2.3-3 Commentary to Supporting Requirements for HLR-SPR-B

Index No.
SPR-B

Commentary

SPR-B1

No commentary provided.

SPR-B2

It has been shown that even minor unaddressed or insufficiently resolved significant deficiencies in the

internal-events model can result in significantly amplified errors in the seismic model. Therefore, care

should be taken to look for these cascading effects in the seismic model.

The definition of significant deficiency needs to be considered in the context of the regulatory framew
(i.e., outside of this Standard and on a country-by-country basis).

In the United States, the PRA peer-review guidance indicates that a Finding-level observatipn impacts
technical adequacy of the PRA and is therefore a significant deficiency. Note that “significant” is in thil
context not to be strictly intended as risk significant.

brk

the

5

SPR-B3

No commentary provided.

SPR-B4

No commentary provided.

SPR-B5

The fragility threshold value was previously referred to as “Screening-level'fragility” in the technical
community. The fragility threshold value represents a threshold in seisnije-capacity of an SSC that

corresponds, when integrated with the site-specific hazard, to an event that is less than risk significan{.

As such, the SSC may be omitted from explicit modeling in the SPRAv'The SR refers to SCR-2 in Table
1-1.8-1 because it is based on a relative screening criterion (i.e., rélative to the total SCDF or SLERF).
A fragility threshold value potentially addresses a large numberof SSCs in the plant (tens or even
hundreds of SSCs) and, therefore, the criterion associated with the cumulative screening in SCR-2 in
Table 1-1.8-1 (i.e., the 5% criterion) is applicable. The 5% ¢criterion is used, rather than the 1% criterion,
because the latter is intended for screening discrete elements (e.g., one flood scenario, one fire scenari
rather than as a cumulative screening criterion.

For SSCs whose failure would directly result in a&core damage or large early release (e.g., major struct
and NSSS items), the 1% criterion associated witht individual elements would be applicable.

The fragility threshold value may be differeqt)for CDF and LERF and should be defined independentlly

from other screening considerations, if used; and from correlation groups and component grouping of
fragilities. The EPRI SPID report [5-A-20]) established the 5% criteria as acceptable.

While a fragility threshold value is liKely selected early in the development of the SPRA to aid in the
planning and execution of the fragility analysis effort, this SR is to be addressed in the context of the f
SPRA.

)

nres

nal

SPR-B6

No commentary provideds

SPR-B7

No commentary provided.

SPR-B8

No commentary provided.

SPR-B9

No commentaty provided.

SPR-B10

No commentary provided.

SPR-B11

No commentary provided.

SPR-B12

Nocemmentary provided.

SPR-B13

The scope of the multi-unit assessment in this SR remains focused on the individual unit under
consideration and does not expect a quantification of multi-unit CDF or LERF. Example of multi-unit
impacts are the possibility of crediting shared equipment or the availability of crew from the addition
units at sites.

=

il
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Table 5-A.2.3-4 Commentary to Supporting Requirements for HLR-SPR-C

Index No.
SPR-C

Commentary

SPR-C1

In practice, the SSCs included in the SEL are accompanied with essential details such as failure mode of
interest, building location of component, component description, among others. NUREG-1407 [5-A-11]
provides guidance on the details typically included in the SEL.

SPR-C2

No commentary provided.

SPR-C3

No commentary provided.

SPR-C4

No commentary provided.

SPR-C5

No commentary provided.

SPR-Cé6

Typical examples of failure modes of interest in an SPRA may include failure of a valve toopen on
demand, loss of function during earthquake, or rupture of pressure boundary. Note thatthese failure
modes are defined by the systems analyst and may not be the same as the failure mechanisms defined
by the fragility analyst. In practice, fragility analysts will identify the failure mechanism of a component
based on vulnerabilities identified during the walkdowns (see SR SFR-D2) or. thie'most likely lower-
bound seismically induced failure mechanism typically based on experience,‘available test data, or
analytical procedures. Thus, the importance for continuous interaction betiyeen systems and fragility
analysts when defining the failure mechanism represented in a fragilityeurve and failure mode credited
in the model. Another key interaction between the systems and fragility analysts involves eliminating
from further consideration failure modes in the systems model thaticannot realistically be affected by an
earthquake and therefore need not be identified for fragility analysis in SR SPR-C6 as they are not “of
interest for the Seismic Fragility Analysis.”

It is also worth noting that what SR SFR-E1 refers to as the\relevant” failure mechanism corresponds to
the failure mode defined here in SR SPR-C6 by the systems analyst, say “failure to close” or “fail during
earthquake.” Once, this “relevant” failure mechanism has been clearly established, then the fragility
analyst will proceed to assess which seismically induced failure could most likely lead to the failure
mode defined here in SR SPR-Cé.

It may be possible that the systems analyst may be interested in the consequences rather than a
seismically induced failure mode. An example for this case could be the failure definition of a motor
control center (MCC). In one case, failuie of the MCC may lead to adverse changes of state in the plant,
and failure would be defined as loss-of function during the seismic event. In another case, failure of

the MCC during a seismic event may be acceptable, but after the event, the MCC should function. The
fragility analyst will derive two distinctly different capacities (i.e., “function during” or “function after”).
Another example for distingtiishing consequences from failure modes is in the case of failure of heat
exchangers. The fragility,ctirve for a heat exchanger may be derived for failure of anchors. However,
the consequences modeled in the SPRA model may be related to flooding of the area. Such a scenario
indicates that there-is still significant margin between the failure mechanism defined by the fragility
analyst and the failure mode credited in the SPRA model. This scenario is an example of a source

of considerable conservatism as the median capacity based on failure of the anchors will grossly
underestimate-the seismic capacity corresponding to the failure mechanism leading to flooding of the
area. In anest'cases, precluding a more detailed analysis, the progressive failure mechanism, rather than
pulloutief’an anchor, should be used to judge the overall contribution of such component to plant risk.

Table 5-A.2.3-5 Commentary to Supporting Requirements for HLR-SPR-D

Infdex-No.
S5PR=D

Commentary

SPR-D1

No commentary provided.

SPR-D2

No commentary provided.

SPR-D3

No commentary provided.

SPR-D4

No commentary provided.

SPR-D5

No commentary provided.

246

Copyright © 2022 by the American Society of Mechanical Engineers.
No reproduction may be made of this material without written consent of ASME. %



https://asmenormdoc.com/api2/?name=ASME ANS RA-S-1.1 2022.pdf

ASME/ANS RA-S-1.1-2022

Table 5-A.2.3-6 Commentary to Supporting Requirements for HLR-SPR-E

Index No.
SPR-E

Commentary

SPR-E1

No commentary provided.

SPR-E2

No commentary provided.

SPR-E3

Convergence needs to be confirmed during the quantification of the SPRA. Tn an SPRA, convergence is
driven by factors beyond the simple truncation used in quantification. Especially for quantification/cofles
where the user can select and manipulate the number and size of the hazard and fragility intervals us¢d
in the quantification, those parameters need to be investigated for their impact on the quantification.
Large hazard intervals can overpredict the risk metrics and skew the importance measures)The selectjon
of the representative acceleration values for each hazard can also have an impact on the result stability.

SPR-E4

Caution should be taken when satisfying SR QU-B3 in Part 2. The 5% truncation rule‘noted in that SR fis
viewed to only be an example and is not intended to be a requirement.

SPR-E5

No commentary provided.

SPR-E6

This SR addresses parametric uncertainty explicitly, as SR SPR-E4 omits the-uficertainty portion of
quantification via the back reference.

It is assumed in this SR that a LERF model for internal events is used(as,a basis for the SPRA.

The analysis of the LERF end point proceeds in the same way as the'analysis of the CDF end point,
with one major exception, as follows: There are some accident sequences leading to core damage but
not to large early releases in the internal-events PRA model that fieed to be designated as potential
LERF sequences when caused by a seismic event. One set of sequences is those where the effects of th¢
earthquake might compromise containment integrity arid thereby possibly contribute to LERFE. The other
set is sequences in which off-site protective action (specifically, the evacuation of nearby populations)
is impeded due to the earthquake. The same sequence that might not be a LERF sequence due to any
internal hazard may perhaps affect nearby populations that cannot evacuate as effectively (see definitjon
of large early release in Section 1-2.2).

The SRs referenced in Table 2-2.7-6 (HLR-QU-E) are written in CDF language. The applicable
requirements of Table 2-2.7-6 should be ifiterpreted based on LERF, including characterizing the sourdes
of model uncertainty and related assufptions associated with the applicable contributors from Table
2-2.8-9.

SPR-E7

It is assumed in this SR that a [EERF model for internal events is used as a basis for the SPRA.

Caution should be taken when'performing and reviewing this SR. The analysis of the LERF end point]
proceeds in the same way @s'the analysis of the CDF end point with one major exception: There are
some accident sequencés leading to core damage but not to large early releases in the internal-events
PRA model that need t6'be designated as potential LERF sequences when caused by an external hazaid.
One set of sequences is that in which the effects of the external hazard might compromise containmenft
integrity and théreby possibly contribute to LERE. The other set is sequences in which off-site protectife
action (specifigally the evacuation of nearby populations) is impeded due to the external hazard. The
same seqtience that might not be an LERF sequence due to any internal hazard may perhaps affect
nearby populations that cannot evacuate as effectively (see definition of “large early release” in Sectio
1-22):

=]

SPR-E8

NG ‘commentary provided.

Table 5-A.2.3-7 Commentary to Supporting Requirements for HLR-SPR-F

Index No.

QPR I
DL INTL

Pl M
\.Ullllllcllldly

SPR-F1

No commentary provided.

SPR-F2

No commentary provided.

SPR-F3

Refer to Part 1 for definition of source of model uncertainty.

SPR-F4

No commentary provided.
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PART 6

SCREENING AND
CONSERVATIVE ANALYSIS ‘OF

HAZARDS FOR AT-POWER PRA

6-1

T
extd
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6-1
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Section 6-1
Overview of Screening and Conservative Analysis
Requirements

L1 SCOPE

his Part states the technical requirements for performing screening and conservative analyses for internal and
rnal hazards for a plant while at-poet. Internal events (Part 2), internal floods (Part 3), internal fires (Part 4),
iral tectonic earthquakes (Part 5), high winds (Part 7), and external floods (Part 8) are not subject to screening
er this Part.

L2 COORDINATION WITH:OTHER PARTS OF THIS STANDARD

his Part states the req@iirements for screening out hazards from further consideration in the PRA. Part 6 Support-
Requirements (SRg)xefer to Part 1 for the specific screening criteria.

or those hazards that cannot be screened out pursuant to Part 6, the requirements in Part 9 of this Standard are
d (in conjunctien with requirements in other Parts, e.g., Part 1, Part 2, Part 3, and Part 4, as applicable) to perform
e detailed.analyses.

(The text presented in blue font in this Standard comprise hyperlinks to enable efficient access
to referenced sections and elements, requirements, notes, references, etc.)
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Section 6-2
Screening and Conservative Analysis Technical Requirements

The requirements in this Part are concerned with
screening out hazards. The term “screening out” is used
here for the process whereby a hazard is excluded from
further evaluation in a PRA. This screening process is not
intended to restrict the analyst from screening out specific
hazard events resulting from the hazard if the screening
analysis can be done with a documented basis that meets
the requirements of this standard and if the screened-out
hazard event and the remaining hazard events are mutu-
ally exclusive. For example, it is acceptable to subdivide
transportation accidents into individual hazards and
thereby screen out all except aircraft impact, then sub-
divide this hazard into specific aircraft impact events to
screen out large jets and crop dusters, and then to subject
only military jets to detailed PRA analysis by using the
requirements in Part 9. The intent is not to unreasonably
subdivide a hazard into numerous discrete events as a
means to screen out the entire hazard.

Note that the above discussion does not mention
screening out an entire hazard group. Although haz+
ard groups can be characterized by common approach,
methods, and data, this commonality is not always the
case, and each hazard must be screened individually.

It should be understood that the requiremeénts of this
Part are applicable when it is desired to‘determine if a
specific hazard (or mechanism) may be'eliminated from
detailed PRA by using a screening precess. A list of haz-
ards that have been identified infpast industry studies is
provided as information in ANbiimandatory Appendix
(NMA) 6-B. A screening asgessment using this list is one
acceptable approach to meeting SR EXT-A1.

At any time during the screening process, a decision
can be made to bypass that process and go directly to

Table6-2.1-1 High Level Requirements for Screening and Conservative Analysis of Hazards (EXT)

the detailed analysis requirements of Part 9-Réqtfire-
ments for detailed analyses of a hazard that)cannof be
screened out by using either the qualitative criterif in
HLR-EXT-B or the quantitative criteriasxin HLR-EX|T-C
are stated in Part 9.

The requirements of this Part are organized into pne
technical element titled Screéning and Conservative
Analysis (EXT).

6-2.1 SCREENINGAND CONSERVATIVE ANALYS|S
(EXT)

6-2.1.1 Objéctive

The dbjective of the Screening and Conservafive
Analysis 'is to provide requirements for perfornjing
screening and conservative analyses to exclude a 1212-

ard'or hazard group from further evaluation by

(a) identifying all potential hazards that may a
the nuclear power plant

(b) specifying a set of qualitative screening criterija

(c) using a demonstrably conservative analysis when
quantitively screening out a hazard

(d) conducting a walkdown to establish or confiirm
as-built, as-operated conditions

(e) documenting the hazard screening analysig to
provide traceability of the work

The five High Level Requirements (HLRs) of Pafrt 6
are stated in Table 6-2.1-1. The SRs are stated in Tgble
6-2.1-2, Table 6-2.1-3, Table 6-2.1-4, Table 6-2.1-5, pnd
6-2.1-6. Note that Part 6 does not include sepafate
requirements for Capability Category 1 (CC-I) hnd
Capability Category II (CC-II).

ect

Designator Requirement

HER-EXT-A Potential hazards that may affect the site shall be identified.

HLR-EXT-B Qualitative screening, if performed, shall use a defined set of screening criteria.

HLR-EXT-C A demonstrably conservative analysis, if used for screening, shall be performed using defined
quantitative screening criteria.

HLR-EXT-D The hazard screening evaluation shall incorporate the data and findings of walkdown(s) of the
plant (and its surroundings, as applicable to the hazard) to establish or confirm as-built, as-operated
conditions.

HLR-EXT-E Documentation of the screening and demonstrably conservative analysis shall provide traceability

of the work.
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Table 6-2.1-2 Supporting Requirements for HLR-EXT-A

Potential hazards that may affect the site shall be identified (HLR-EXT-A).

Index No.
EXT-A Capability Category I Capability Category II

EXT-A1 IDENTIFY hazards and hazard groups that include those enumerated in industry guidelines and
examined in past studies.

EXT-A2 IDENTIFY site-specific and plant-unique hazards and hazard groups not already identified in SR
EXT-AL

EXT-A3 IDENTIFY secondary hazards associated with hazards and hazard groups from SR EXT-A1 and SR
EXT-A2.

Table 6-2.1-3 Supporting Requirements for HLR-EXT-B
Qualitative screening, if performed, shall use a defined set of screening criteria (HLR-EXT-B)S
Irjdex No.
EXT-B Capability Category I Capability Category II

EXT-B1 REVIEW information about
(a) the plant’s design and licensing basis relevant to each hazard
(b) region-, industry-, government-, and plant-funded evaldations for each hazard, if available

EXT-B2 REVIEW significant changes or updates since the operating/license was issued. In particular, as germane
to the given hazard, review all of the following:
(a) military and industrial facilities in proximity of-the site
(b) on-site storage or other activities involving hazardous materials
(c) nearby transportation
(d) nearby pipelines
(e) air routes
(f) other on-site or off-site changes that'could affect the original design conditions

EXT-B3 INCLUDE consideration of secondary hazard(s) in the qualitative screening process for hazards or
hazard groups.

EXT-B4 USE SCR-3 from Table 1-18-1\when screening out a hazard or hazard group by showing at least one of

the following:

(1) The hazard or hazaxd group cannot physically impact the plant or plant operations (e.g., it cannot
occur close enouglr'ta the plant to affect it).

(b) The hazard ¢r liazard group does not result in a plant trip (manual or automatic) or require a plant
shutdown.

(c) The hazard or hazard group is included in the definition of another hazard that is included in

the PRAC

(d) Thehazard or hazard group could not result in worse effects to the plant or plant operations than
andther hazard that has a significantly higher frequency.

(e) )The hazard or hazard group is slow in developing, and it is shown that there is a demonstrably
conservative estimate of time margin available to eliminate the source of the threat or to provide an
adequate response.
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Table 6-2.1-4 Supporting Requirements for HLR-EXT-C

A demonstrably conservative analysis, if used for screening, shall be performed using defined quantitative screening
criteria (HLR-EXT-C).

Index No.
EXT-C

Capability Category I Capability Category II

EXT-C1

CALCULATE either the mean or demonstrably conservative frequency of occurrence or exceedance

L Looolal o) | CRTI | " L 1 1. LR DR ' 1 | : 1ot i 1
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screened out in HLR-EXT-B.

EXT-C2

USE applicable databases and information to satisfy the SRs of this HLR.

EXT-C3

IDENTIFY those structures, systems, and components (S5Cs) and associated failure modes‘that are
required to maintain the plant in operation or to respond to an initiating event to preventcore damag
but that are vulnerable to the hazard.

EXT-C4

USE the internal-events PRA initiating events and accident sequences for both core/damage frequency
(CDF) and large early release frequency (LERF) as the basis for development of the hazard screening
plant-response model.

EXT-C5

ENSURE that the peer review findings for the internal-events PRA and dther PRAs that are relevant t
the hazard screening quantitative analyses are resolved and incorpordted into the hazard screening pl
response model.

Ant-

EXT-Cé6

CALCULATE demonstrably conservative conditional core damage probability (CCDP) and/or
conditional large early release probability (CLERP) using the internal-events plant-response model or
by assuming a CCDP and/or CLERP of unity (1.0). If additional plant-response modeling is performe
SATISFY the requirements in HLR-SY-A and HLR-SY-Bif Part 2 for Systems Analysis, except where t
requirements are not applicable.

e

EXT-C7

CALCULATE demonstrably conservative CDF (ahd LERF) on a reactor-year basis for the hazard usin
one of the following;:

(a) for discrete hazard, use the product of the hazard frequency and CCDP (and CLERP), as calculate
SR EXT-C6

(b) for hazard characterized by hazard.curve, divide the hazard curve into hazard intervals and sum
for all intervals the product of the hdzard interval frequency and associated interval CCDP (and intery
CLERP), as calculated in SR EXT-€6

(c) include the hazard-induced initiating events and the systems or functions assumed rendered
unavailable by the hazard into the internal-events PRA model

(d) use a hazard specifi¢mddel, as appropriate, with demonstrably conservative assessments of the
impact of the hazard (fragility evaluation)

A

H in

EXT-C8

ADDRESS secondary hazard(s) in the hazard quantitative screening process.

EXT-C9

When human actions are credited in the screening evaluation, ENSURE that hazard-induced impacts
human errox probabilities are included as applicable.

bn

EXT-C10

For quentitatively screening out a hazard within the scope of Part 6 based on the results of SR EXT-C
USE-thescreening criteria in either SCR-1 or SCR-2 in Table 1-1.8-1.

~

EXT-C11

IDENTIFY the sources of uncertainty, the related assumptions, and reasonable alternatives, if availabl¢

rélated to identification, quantitative screening, and qualitative screening of hazards.

Table 6-2.1-5 Supporting Requirements for HLR-EXT-D

The hazard screening evaluation shall incorporate the data and findings of walkdown(s) of the plant (and its surroundi

hgs,

as applicable to the hazard) to establish or confirm as-built, as-operated conditions (HLR-EXT-D).

Index No.
EXT-D Capability Category I Capability Category II
EXT-D1 INCLUDE data and findings of walkdown(s) of the plant (and its surroundings, as applicable to the

hazard) in the screening out of a given hazard to establish or confirm as-built, as-operated conditions.
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Table 6-2.1-6 Supporting Requirements for HLR-EXT-E

Documentation of the screening and demonstrably conservative analysis shall provide traceability of the work (HLR-EXT-E).

Index No.
EXT-E

Capability Category I Capability Category II

EXT-E1

DOCUMENT the process used in the screening out of hazards by specifying what is used as input, the
applied methods, and the results. The documentation includes, as a minimum,

\I/t/\ o }iD{, Ul‘: }lClLaldD ﬂddlcbbcd Lll :.} < dr lﬂ})’ DiD dl ld VV}li\.}l }lC{LﬂLdD vVCIT OUITTI lCd Uu:. flUlll fbll l}lcl dclﬂilcd
analyses

(b) the approach used for the screening (qualitative screening or demonstrably conservative analysis)
and the screening criteria used for each hazard or hazard group that is screened out

(c) engineering or other analysis performed to support the screening out of a hazard or hazard'group or
in the demonstrably conservative assessment of a hazard or hazard group

(d) CDF and LEREF results from quantitative screening calculations

EXT-E2

DOCUMENT the sources of uncertainty, the related assumptions, and reasonable alternatives associated
with the screening out of hazards or hazard groups as identified in SR EXT-C11.
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NONMANDATORY APPENDIX 6-A
SCREENING COMMENTARY

6-A.1 INTRODUCTION not establish new requirements; rather, the materid

This Nonmandatory Appendix provides notes and

intended to clarify the intent of an SR, explain jar

general explanatory material tied to specific SRs as that might be used in an SR, and/or provide exam|
stated in Part 6 of this Standard. The material contained ~ of analysis approaches that would/meet the inten|
in this Appendix is nonmandatory and, as such, does the SR.

6-A.2 COMMENTARY TO SCREENING AND CONSERVATIVE ANALYSIS TECHNICAL REQUIREMENTS
6-A.2.1 COMMENTARY TO SCREENING AND CONSERVATIVE ANALYSIS (EXT)

Table 6-A.2.1-1 Commentary to High Level Requirements for Screening and
Conservative Analysis of Hazards.(EXT)

1is
bon
bles
t of

Designator Comméntary
HLR-EXT-A No commentary provided.
HLR-EXT-B No commentary provided.
HLR-EXT-C No commentary provided.
HLR-EXT-D No commentary provided.
HLR-EXT-E No commentary provided.

Table 6-A.2.1-2 Commentary to Supporting Requirements for HLR-EXT-A
Index No.

EXT-A Commentary

EXT-A1 Part 5 addressés natural tectonic earthquakes. This commentary focuses on the hazard of human-indyced

earthquaked (esg., due to extraction of fossil fuels, mining activities), which are screened as appropriat
by using(Part 6. The following example criteria for screening out are suggested for consideration:

(a) THeglosest distance between the site and the location of recorded earthquakes that are considered|
seisinicity that is induced or triggered by human activities is greater than 200 miles from the site.
(B)\The magnitude of induced or triggered earthquakes is below that used to derive the earthquake
recurrence models, implying that the suite of recurrence models used for the probabilistic seismic haz
analysis remains appropriate.

(c) The rate of induced or triggered earthquakes would not increase the mean recurrence rate for any
the seismic sources that are within 200 miles of the site by more than 10%.

(d) Median ground motions estimated by using the closest distance and the maximum expected
magnitude for induced or triggered events are less than ground motions at a mean annual frequency

as

hrd

.
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spectral acceleration.

EXT-A2 The purpose of this requirement is to ensure that an unusual type of hazard is not inadvertently
omitted simply because it does not fit into any of the listed hazards commonly considered and listed in
the standard references in SR EXT-AT.

EXT-A3 No commentary provided.

255

Copyright © 2022 by the American Society of Mechanical Engineers.
No reproduction may be made of this material without written consent of ASME. (%



https://asmenormdoc.com/api2/?name=ASME ANS RA-S-1.1 2022.pdf

ASME/ANS RA-S-1.1-2022

Table 6-A.2.1-3 Commentary to Supporting Requirements for HLR-EXT-B

Index No.

EXT-B

Commentary

EXT-B1

In the siting and plant design stage, most site-specific natural and manmade hazards will have been
addressed and included in the design basis unless they were screened out by using the licensing criteria
described in the NRC Standard Review Plan and Regulatory Guides. Such documented information can

1 Ll . 1 £ ol e il h DY .
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EXT-B2

Items (a) through (e) of the list in this SR are specifically identified because they represent the most
common areas where a significant change might have occurred since the issuance of the operating
license.

EXT-B3

No commentary provided.

EXT1-B4

Qualitative hazard screening is a basic aspect of PRA. It is a practical analysis step to properly limit PRA
modeling while retaining a clear focus on important contributors to risk. The underlying-intent of the
qualitative screening criteria is to ensure that items that are screened out from furthef analysis do not
impact the integrity and insights provided by a PRA model. The qualitative screéning criteria of this SR
have been used since the early 1980s in many international PRAs and PRA guidelines. Various industry
and regulatory guidelines exist regarding scoping or qualitative screening,forybase PRA modeling

as well as for PRA applications. For example, NUREG-1855 [6-A-1] provides NRC interpretations of
hazard qualitative screening criteria. Some industry guidelines (e.g., FAEA SSG-3, [6-A-2]) also include
qualitative consideration of uncertainties in hazard initiating event{requencies (the spread of the
uncertainty and the detail of the analysis estimate) in the determiination of qualitative screening. If the
confidence in the calculations is high (narrow uncertainty bands)) the qualitative screening conclusion
may be different from when the confidence is low (wide ungertainty bands) when considering the

ratio of the mean values. Also, if one calculation uses mere realistic assumptions versus demonstrably
conservative ones (e.g., for convenience, to save effort), the conclusion regarding what is significant may
be different.

NRC has performed research into the treatment of uncertainty and its use in decision-making. As an
example, NUREG-1855 [6-A-1] provides guidance on one possible way to interpret the meaning of
“significantly higher” in the context of hazardfrequencies [an example would relate to criterion (d)

of this SR], as described in the converse phrase “significantly lower.” NUREG-1855 [6-A-1] states that
“significantly lower” means that the contributor or hazard under consideration has a mean frequency
of occurrence that is at least two orders of magnitude less than (i.e., 1%) the frequency of occurrence of
the compared contributor or hazard:In the implementation to SR EXT-B4 screening criterion (d), it is
appropriate and useful to the qualitative screening process to consider differences in the level of rigor
between different hazard analyses.

This SR does not cite specific quantitative criteria that must be used in the implementation of the SR
EXT-B4 qualitative scréening criteria.

Table 6-A.2.1-4 Commentary to Supporting Requirements for HLR-EXT-C

Irfdex No.

EXT-C

Commentary

EXT-C1

The initiator frequency estimation recognizes that, for convenience or analyst preference, a mean
occurrence frequency may be calculated or obtained from an industry study, as opposed to estimating

a demonstrably conservative initiator frequency. Subsequent HLR-EXT-C SRs impose the demonstrably
conservative aspect; as such, selection of a mean frequency will still result in a demonstrably conservative

screening analysis.

EXT-C2

No commentary provided.

EXT-C3

No commentary provided.
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Table 6-A.2.1-4 Commentary to Supporting Requirements for HLR-EXT-C (Cont’d)

Index No.

EXT-C

Commentary

EXT-C4

As part of the development of the hazard screening plant-response model, new initiating events,
unmodeled plant conditions, or accident sequences may need to be added to the internal-events PRA
model to represent the impacts of the hazard for the range of magnitudes under consideration. For

pxamp]p mnlfip]p failures (‘mlp]pd with prPViOIIQ]V unmadeled p]anf conditions or p]anf response m
result in unexpected outcomes for hazard events of different magnitudes. These examples are typical
PRA modeling techniques that may be called upon when performing this aspect of quantitative.screer
for a given hazard.

Y

ing

EXT-C5

No commentary provided.

EXT-C6

Because HLR-EXT-C is for a conservative screening process, this SR does not specify multiple capabilit
categories reflecting the multiple capability categories used in some of the referenced,Systems Analys
SRs in Part 2. Systems Analysis models are typically already CC-II, and any new-system fault-tree woj
for HLR-EXT-C conservative screening can be CC-I at a minimum.

[CE]

EXT-C7

Similar to an internal-events PRA, the quantitative screening CDF and LEREzestlts will typically include

the plant availability factor as part of the quantification. However, given that-this specific analysis is for
quantitative screening purposes, it is not critical here if the plant availability factor is not explicitly inclug
in the screening quantification, as that would result in more conservatism in the screening results.
Because the purpose of Part 6 is screening hazards, all the quantifigation requirements in the
Quantification and LERF Analysis technical elements of Part 2'(e'g., parametric uncertainty analysis, 1
importance presentation) are not necessary in the performance of quantitative screening.

It is important to recognize that a demonstrably conservative estimate of a mean value is not a point
estimate. When uncertainties are large, the mean frequency can fall above the 95th percentile of the
distribution. Therefore, it is incumbent on the analyst to document the evidence that justifies estimate
of uncertainties, approximations, or simplificatiens leading to the estimate of the mean event frequend
or CDE

Concerning LEREF, the implicit assumption.ig’that if a hazard is screened out by using one or another g

the screening criteria herein, then neither‘the CDF nor the LERF arising due to that event is of concern.

This assumption is made even though'only limited consideration is given in the screening to LERF iss
(e.g., during the walkdown, a reviéwléf spatial interactions is required).

Calculation of the CDF may be done using different demonstrably conservative assumptions, as
explained by the following example. Typically, nuclear power plants are sited such that the accidental
impact of plant structures by-aircraft is highly unlikely. As part of the hazard PRA, the risk from aircra
accidents may be assessed.at different levels. The mean annual frequency of aircraft impact during
takeoff, landing, or in flight may be determined. If this hazard frequency is very low, then the aircraft
impact as a hazard may be eliminated from further study. This approach assumes that the aircraft imp
results in damaggef the structure, leading to core damage or large early release (this assumption is lik
to be highly eonservative). If the frequency of aircraft impacting the plant structures is estimated to b
higher, the fragility of the structures may be evaluated to make a refined estimate of the frequency of
damage. Further refinements could include

(1) eliminating certain structural failures as not resulting in core damage (e.g., damage of diesel
generator building may not result in core damage if off-site electrical power is available)
(b)*performing a plant-systems and accident-sequence analysis to calculate the CDF

This example shows that for some hazards, it may be sufficient to perform only the hazard analysis;
for others, the hazard analysis and a simple fragility evaluation may be needed; in rare cases, a plant-
systems and accident-sequence analysis may be necessary. For other examples of demonstrably
conservative analysis, see references [6-A-3], [6-A-4], [6-A-5], and [6-A-6].

d

o)

sk

b

act
ely

ore

EXI-C8

No commentary provided.

EXT-C9

No commentary provided.

EXT-C10

No commentary provided.

EXT-C11

No commentary provided.
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Table 6-A.2.1-5 Commentary to Supporting Requirements for HLR-EXT-D

Index No.
EXT-D Commentary
EXT-D1 The general hazard screening walkdown should concentrate, although not exclusively, on outdoor
facilities that could be affected by on-site hazards (e.g., on-site storage of hazardous materials) and off-
site developments such as increased usage of new alrports / alrways, hlghways and gas pipelines. The
PMLP\JDC Ul Ll LIS ul\ ID l,U ulLC\.L l.l < dr lﬂly DI. LU 1UU1\ UC)’ Ul lu Ll 1< Plﬂl ll, llk,cl LOIT 16 \.,lULbllllCL lLD
Table 6-A.2.1-6 Commentary to Supporting Requirements for HLR-EXT-E
Irjdex No
EXT-E Commentary
EXT-E1 No commentary provided.
EXT-E2 No commentary provided.

6-A.3 REFERENCES
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he following is a list of publications referenced in
Appendix.

b-A-1] NUREG-1855, Rev. 1, “Guidance on the
htment of Uncertainties Associated with PRAs in
-Informed Decisionmaking,” 2017; U.S. Nuclear
ulatory Commission (NRC), One White Flint North,
b5 Rockville Pike, Rockville, MD 20852

-A-2] IAEA Safety Standards Series No. SSG-3,
velopment and Application of Level 1 Prebabilis-
bafety Assessment for Nuclear Power Plants,” 2010;
rnational Atomic Energy Agency (IAEA), Vienna
rnational Centre, 1400 Vienna, Austria

[¢-A-3] NUREG/CR-4550, Vol. 4, Rev. 1, Part 3, and
SAIND-86-2084, Vol.4, Rev.1, Pant™3,»”Analysis of Core
Dafnage Frequency: Peach Bottom, Unit 2 External
Evgnts,” J. A. Lambright et al.; U.S. Nuclear Regulatory
Cofnmission (NRC) and (Sandia National Laboratories
(SNL), 1990; NRC, One\White Flint North, 11555 Rock-
villg Pike, Rockville, MD 20852

[6-A-4] NUREG/CR-4839 and SANDS87-7156, “Meth-
ods for Extérnal Event Screening Quantification: Risk
Methods~ntegration and Evaluation Program (RMIEP)
Methods‘Development,” M. K. Ravindra and H. Bannon,
U.S.Nuclear Regulatory Commission (NRC) and Sandia
National Laboratories (SNL), 1992; NRC, One White
Flint North, 11555 Rockville Pike, Rockville, MD 20852

[6-A-5] NUREG/CR-4832, Vol. 7, and SAND92-0537,
Vol. 7, “Analysis of the LaSalle Unit 2 Nuclear Power
Plant: Risk Methods Integration and Evaluation Pro-
gram (RMIEP): External Event Scoping Quantification,”
M. K. Ravindra and H. Bannon,” U.S. Nuclear Regula-
tory Commission (NRC) and Sandia National Labora-
tories (SNL), 1992; NRC, One White Flint North, 11555
Rockville Pike, Rockville, MD 20852

[6-A-6] NUREG/CR-5042, and UCID-21223, “Evalua-
tion of External Hazards to Nuclear Power Plants in the
United States,” C. Y. Kimura and R. ]. Budnitz, U.S. Nuclear
Regulatory Commission (NRC) and Lawrence Livermore
National Laboratory (LLNL), 1987; NRC, One White Flint
North, 11555 Rockville Pike, Rockville, MD 20852
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NONMANDATORY APPENDIX 6-B
LIST OF HAZARDS FOR CONSIDERATION

Table 6-B-1 provides a typical list of internal and  (e.g., chemical release), whereas other studies!identify
external hazard groups and their associated hazards. = hazards more specifically (e.g., ground contaminafion
This list of hazards is compiled based on review of from chemicals, chemical release into water), and s¢gme
industry studies such as NUREG/CR-2300 [6-A-1],  studies provide miscellaneous hazards, not listed in
NUREG-1407 [6-B-2], IAEA SSG-3 [6-B-3], NUREG/ Table 6-B-1 (e.g., corrosion, solar sterm, air pollutjon,
CR-5042 [6-B-4], EPRI 1022997 [6-B-5], EPRI 3002005287 and mist). Table 6-B-1 does notfexplicitly list intefnal
[6-B-6], and ASAMPSA_E List of External Hazards events (Part 2), internal floodimg-(Part 3), and intefnal
[6-B-7]. Note that some studies identify hazards broadly  fires (Part 4).

Table 6-B-1 List of Hazards for Consideration
Hazard Group
[Note (1)] Hazard Remarks [Notes (2), (3), (4)]

Animals Animals Land or flying animals can cause damageto plant equipment (e.g., loss of off-site power
[LOOPY]) or result in other hazards/(e\g., transportation accidents). Impact on intake water ffom
fish, mussels, and waterborneditems are addressed by other hazards below.

Biological events Biological events This hazard includes events.such as detritus and zebra mussels blocking intake structure scrgens.

External fire Forest fire Plant design and fire-pretection provisions often are adequate to mitigate the effects; however,site-
specific analyses maybe'necessary to evaluate fire propagation (e.g., airborne firebrand transpprt).

Grass fire Fire often cannotpropagate to or on the site because the site is cleared; plant design and
fire-protection’provisions are typically adequate to mitigate the effects; however, this can lye
confirmed-wia walkdowns.

Nonsafety building Fire often cannot propagate to safety areas of a plant; separation, plant design, and fire-

fire protection provisions are often adequate to mitigate the effects; however, this adequacy cgn
beconfirmed via walkdowns.

Extraterrestrial Meteorite or satellite This is a low-likelihood hazard; however, effects are not limited to direct impact but also

events impact include other related potential effects of indirect impacts or airburst events (e.g., total theqmal
exposure, overpressure, seismic event, ejecta).

Extreme Frost Frost is subsumed in snow and ice hazards.

temperature . . . L .

Highsummer Analysis can often be excluded where the ultimate heat sink is designed for at least 30 days of

tempetature operation, including evaporation, drift, seepage, and other water-loss mechanisms. Evalugtion
is needed of possible loss of air cooling due to high temperatures.

Ice cover Ice blockage of river is included in flood; loss of cooling-water flow is considered in plant dedjign.

Low winter Thermal stresses and embrittlement are usually insignificant or covered by design codes and

temperature standards for plant design; generally, there is adequate warning of icing on the ultimate heat sirlk so
that remedial action can be taken. However, the reliability of operator actions and equipment uded

Ground shifts

Avalanche (rack or

to protect vulnerable SSCs (e.g., heat tracing on water-carrying pipes) may need to be evaluated

This hazard can he excluded for most niiclear plant sites: confirm through siting review or

debris)

Coastal erosion
Landslide
Sinkholes

Soil shrink—swell

walkdown.
This hazard is included in the effects of external flooding (Part 8).
This hazard can be excluded through siting review; confirm through walkdown.

Site-suitability evaluation and site development for the plant are designed to preclude
the effects of this hazard.

Site-suitability evaluation and site development for the plant are designed to preclude
the effects of this hazard.
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Table 6-B-1 List of Hazards for Consideration (Cont’d)

Hazard Group

[Note (1)] Hazard Remarks [Notes (2), (3), (4)]

Heat-sink effects Drought Drought can often be excluded where there are multiple sources of ultimate heat sink or where
the ultimate heat sink is not affected by drought (e.g., cooling tower with adequately sized
basin).

FTazirice Frazitice s astustroffce Trystats that cam rapiaty formr i tarbutemt water: ftis sitespecific.
Low lake or river water  This hazard may result from failure of a downstream dam. It can often be excluded where the
level ultimate heat sink is designed for at least 30 days of operation, including evaporationsdrift,

seepage, and other water-loss mechanisms if there is no downstream dam failure.

River diversion This hazard is considered in the evaluation of the ultimate heat sink; should diversion become
a hazard, adequate storage is usually provided.

Heayy-load drop Heavy-load drop This hazard is site specific and requires detailed study.
HigH winds Straight Winds This hazard is site specific and requires detailed study. See Part 7 for Screening and
detailed PRA.
Tornadoes This hazard is site specific and requires detailed study. See Pgrt-7 for screening and
detailed PRA.
Tropical Cyclones (i.e.,  This hazard involves both wind forces and external floading. Wind forces are covered under
Hurricane, Typhoon) extreme winds and tornadoes. See Part 7 and Pagt.8 fer screening and detailed PRA.
Sandstorm Note that potential blockage of air intakes with'particulate matter is generally considered in

plant design; however, other adverse effects may need to be considered (e.g., particulate
intrusion into electrical equipment).

Hail Other missiles govern.
Indystrial Industrial or military This hazard includes externally-generated missiles. It is site specific and may be screened
acciflents facility accident based on proximity to site.

Pipeline accident This hazard may includeboth chemical release and/or explosion. It may be screened based on

proximity to the site and content of the pipeline. It is site specific.

Release of chemicals This hazard is plant'specific and requires detailed study.
from on-site storage

On-site excavation This hazard is a temporary condition and is site specific.
work
Toxic gas This’hazard is site specific and requires detailed study.
Lighfning Lightning Lightning is considered in plant design and may not trip the plant; LOOP often includes this
contributor.
Seispmic Natural tectonic This hazard is site specific and requires detailed study (see Part 5).
earthquakes
Human=igddced This hazard includes such causes as extraction of fossil fuels and mining activities.
earthgudkes
Extefnal flooding High tide This hazard is included under external flooding.
(Not (5)] Precipitation, intense This hazard is included under external and internal flooding. See Part 8 for screening and
detailed PRA.
Seiche This hazard is included under external flooding.
Storm surge This hazard is included under external flooding.
Tsunami This hazard is included under external flooding and seismic events. See Part 5 and Part 8 for
screening and detailed PRA.
Waves This hazard is included under external flooding.
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Table 6-B-1 List of Hazards for Consideration (Cont’d)

Hazard Group

[Note (1)] Hazard

Remarks [Notes (2), (3), (4)]

Snow Snow

Plants are designed for higher loading. Regional climatology influences plant-specific

susceptibility. Snowmelt causing river flooding can be considered under that flood hazard.

Avalanche (snow)

This hazard can be excluded for most nuclear plant sites; confirm through walkdown.

Transportation
accidents

Aircraft impacts

Fog Fog could increase the frequency of manmade hazard involving surface vehicles or@itcraft
accident data should include the effects.

Ship impact
Vehicle impact
Railcar impact

Vehicle, railway car or
ship explosion

Site-generated
missiles

Turbine-generated
missiles

Other internally-
generated missiles

Volcanic activity Volcanic activity

This hazard is site specific and requires detailed study.

This hazard is site specific and requires detailed study.
This hazard is plant specific and requires detailed study.
This hazard is plant specific and requires detailed study.

This hazard is plant specific and requires detailed study.

This hazard is a plant-specific configuration issue.

This hazard is a plant-specific configuration issue.

This hazard can be excluded for most sites; however, distant impacts of an event may need to
be considered (e.g., ash fallout, seismic'events).

NOTES:

(1) In accordance with the limitation noted in Section 1-1.2, the occurrence«0f any listed hazard that results from sabotage or terrorism is

excluded from consideration.

(2) The statements in the Remarks column have been typical of past approaches.
(3) The screening guidance provided here only addresses screening©ut’of hazards using the criteria in SR EXT-B1 (and SR EXT-B2, if applicg-
ble). The remark “The hazard is site specific and requires detailed study” should not be taken to imply that a PRA using the requirements
in Part 7, Part 8, or Part 9 of this Standard is required. Rathér, detailed study could be limited to demonstrating that the hazard can be

screened out using the criteria in SR EXT-C1.

(4) The idea behind the screening remark that a given hazard is screened because it is “included under” or “covered by” another hazard is|that

it is not evaluated separately but is inherently included in another data set.

(5) See Part 8 for screening and detailed PRA of External Flooding.
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PART 7

WIND AT-POWER PRA

7-111  PRA SCOPE

Hart 7 states the requirements for a Level 1 analysis
of fhe core damage frequency (CDF) and large early
reldase frequency (LERF) of the high wind (HW) hazard
grolip while at-power.

2 COORDINATION WITH OTHER PARTS OF THIS
STANDARD

his Part is intended to be used in conjunction with
ks 1 and 2 of this Standard. A PRA developed in
brdance with the internal events documiented in
t 2 provides the starting point for the development
he high wind PRA (HWPRA) models.) The specific
s considered in this Standard are trepical cyclones,
ight winds, and tornadoes. Stich HWs may pro-
e or be accompanied by othér hazards, such as
d-driven storm surge from tropical cyclones or

7-1

Ti
Par
acc
Par
of
HW
strg
dug
wir]

Section 7-1
Overview of High Wind At-Power PRA Requirements

extratropical storms, and the rain associated with HW
events may¢produce local flooding. Consideration of
these cortelated hazards will require coordination
with othér Parts of this Standard.

HWs'are distinguished by their wind speeds and abil-
ity to produce damage to structures, systems, and com-
pohents (SSCs) at the plant. Winds that are not “high
winds” are those that are well below wind design stan-
dards for SSCs and are not considered in Part 7 because
they should not produce meaningful damage to plant
SSCs. The distinction of what lower-bound wind speed
(V,) constitutes the HW threshold for a site is the start-
ing point for the Part 7 HWPRA. The primary impact
associated with wind speeds less than V, would be
incorporated in Part 2, Internal Events, such as weath-
er-induced loss of off-site power (LOOP) events. These
events fall within the scope of Part 2 and should be
included in the plant internal-events model.

(The text presented in blue font in this Standard comprise hyperlinks to enable efficient access
to referenced sections and elements, requirements, notes, references, etc.)
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Section 7-2
High Wind At-Power PRA Technical Elements and Requirements

There are three technical elements in the HWPRA:

(a) Wind Hazard Analysis (WHA)

(b) Wind Fragility Analysis (WFR)

(c) Wind Plant Response Analysis (WPR)

The technical requirements for the Wind Hazard Anal-
ysis, Wind Fragility Analysis, and Wind Plant Response
Analysis technical elements for the HW hazards are
stated in Sections 7-2.1, 7-2.2, and 7-2.3, respectively.

The nonmandatory appendix (NMA) provides dis-
cussion and a number of references regarding HW haz-
ard methods that have been utilized.

7-2.1 WIND HAZARD ANALYSIS (WHA)

The objectives of the Wind Hazard Analysis are

(a) to develop the reference wind speed parameters,
establish the range of wind speeds that cover the failure
frequency contributions to the HWPRA, and provide
justification for grouping individual wind hazards in
the HWPRA

(b) to determine which wind hazard types affectithe
site and, accordingly, which wind hazard types €an be
screened out

(c) to perform a probabilistic wind haZard anal-
ysis (PWHA) for each wind hazard that’has not been
screened out

(d) to include and propagate @aleatory and epistemic
uncertainties in each step of the Wind Hazard Analysis

Table 7-2.1-1 High Level Requirement for Wind Hazard Analysis (WHA)

(e) to document the Wind Hazard Analysis!so‘as to
provide traceability of the work

The primary output of the Wind Hazard Analysis is
the frequency of occurrence of the referénce wind spjeed
at the site for each wind hazard thdt-has not otheryise
been screened out, including a definition of how the|ref-
erence wind speed is measured/(e.g., 3-sec. gust, mfean
hourly value, etc.). The referenge wind speed is the inde-
pendent HW hazard variable. All other HW effects, uch
as wind pressure, atmospheric pressure change (APC), pnd
wind-generated missiles, are predicated on the refergnce
wind speed developed in the Wind Hazard Analysis.

Table 7-2.1-1provides the High Level Requirem¢nts
(HLRs) for-Wind Hazard Analysis. Individual H[.Rs
are specified for each of the three wind hazard types:
straight winds, tropical cyclones, and tornadoes

HER-WHA-A allows for optional screening ouf of
tropical cyclones, straight winds, and tornadoes. If pny
of these HW hazard types are screened out under|the
Supporting Requirements (SRs), then the screened Jout
hazards and their associated effects need not be further
evaluated in the HWPRA.

The size of the HW hazard relative to individual SpCs
and the broader site areas where missiles can be geper-
ated are important for hazards that are narrow in wiglth,
such as tornadoes. Therefore, the SRs for tornado haz-
ard development require consideration of the target pize
and how the hazard frequencies are to be used in|the
Wind Fragility Analysis.

Designator Requirement

HLR-WHA-A Screening out tropical cyclones, straight winds, and tornadoes, as applicable to the site, shall use
wind data, site, and plant characteristics.

HER-WHA-B The frequencies of wind speeds at the site shall be based on PWHA.

HLR-WHA-C The PWHA for straight-wind speeds (e.g., thunderstorms and extratropical cyclones) at the site shall
represent applicable regional and site-specific information.

HLR-WHA-D The PWHA for tropical cyclones shall represent applicable regional and site-specific information.

HLR-WHA-E The PWHA for tornadoes shall represent applicable regional and site-specific information.
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Table 7-2.1-1 High Level Requirement for Wind Hazard Analysis (WHA) (Cont’d)

Designator Requirement

HLR-WHA-F Aleatory and epistemic uncertainties in the Wind Hazard Analysis shall be identified,
characterized, propagated, and included in the final quantification of hazard estimates for
the site.

HLR-WHA-C Documentation of the Wind Hazard Analvsis shall prnvir]p traceahilitv of the work

Table 7-2.1-2 Supporting Requirements for HLR-WHA-A

Scrgening out of tropical cyclones, straight winds, and tornadoes, as applicable to the site, shall use wind data, site, and
plamt characteristics (HLR-WHA-A).

Irfdex No.
VHA-A Capability Category I Capability Category II

=

WHA-A1 COMPILE a list of HW hazards, including combinations of wind hazards that are applicable to the site.
Examples of potentially relevant HW hazards include but are not necessarily limited to

(a) straight wind

(b) tropical cyclone

(c) tornado

(d) wind-driven rain

WHA-A2 COLLECT current data and information for the site and region.

WHA-A3 USE the probabilistic screening criteria SCR-1 in Table 1<1:87] and the requirements of HLR-EXT-C and
HLR-EXT-D in Part 6 when screening out straight winds'from the Wind Hazard Analysis. This can use a
demonstrably conservative assessment (or a realistic assessment that meets all requirements of Part 7).

WHA-A4 ENSURE one of the following conditions is met &hen screening out tropical cyclone (hurricane or
typhoon) HW hazards from the Wind HazardAnalysis:

(a) SATISFY SCR-3 in Table 1-1.8-1 by shaowing that the site is sufficiently far away from the nearest
tropical cyclone-prone coast to screen duttropical cyclone (hurricane or typhoon) HW hazards from the
Wind Hazard Analysis.

(b) Using a demonstrably conservative probabilistic assessment (or a realistic assessment that meets

all requirements of Part 7), SATISEY the hazard screening criteria SCR-1 in Table 1-1.8-1 and the
requirements of HLR-EXT-Chand HLR-EXT-D in Part 6.

WHA-A5 ENSURE one of the following conditions is met when screening out tornado HW hazards from the Wind
Hazard Analysis:

(a) SATISFY SCR-8inTable 1-1.8-1 by showing that, for a broad region surrounding the site, tornadoes
have not occurréd and the meteorological conditions for tornado genesis do not exist.

(b) Using demonstrably conservative probabilistic assessment (or a realistic assessment that meets

all requirements of Part 7), SATISFY the hazard screening criteria SCR-1 in Table 1-1.8-1 and the
requirenients of HLR-EXT-C and HLR-EXT-D in Part 6.

WHA-A6 Using a‘demonstrably conservative assessment (or a realistic assessment that meets all applicable
reqtiirements of Part 7), ENSURE the total risk of all HW hazards probabilistically screened out does not
exeeed the screening criteria SCR-1 in Table 1-1.8-1 or JUSTIFY use of alternative criteria.

WHA-A7 CONFIRM that the HW hazard screening correctly represents the as-built, as-operated configuration of
the plant by performing plant walkdown(s) and review of plant information.
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Table 7-2.1-3 Supporting Requirements for HLR-WHA-B

The frequencies of wind speeds at the site shall be based on PWHA (HLR-WHA-B).

Index No.
WHA-B Capability Category I Capability Category II

WHA-B1 DEFINE the reference wind-speed parameters for each HW hazard and justify any deviations from the
applicable national wind-loading standard.

WHA-B2 When calculating reference wind speeds from raw wind-speed data, USE currently accepted wind-sp¢ed-
conversion methods.

WHA-B3 ENSURE that the Wind Hazard Analysis includes the effect of short duration wind events, such as
thunderstorms and tornadoes, in the derivation of the resulting wind-speed frequencies.

WHA-B4 SPECIFY a V, magnitude for the PWHA that provides assurance that potential HW damage to SSCs
identified in HLR-WFR-A are included.

WHA-B5 ENSURE that the discretization of the HW-speed hazard curves into intervals produces sufficient
information for accurate wind frequency and plant-response determination gver'the full range of wingl
speeds > V.

WHA-B6 In developing the HW hazard results for use in accident sequence quantification, EXTEND the HW spjeed

to large-enough values so that the truncation does not significantly affeet the final numerical results (d.g.,
on metrics such as CDF and LERF) or the delineation and rankingof HW-initiated sequences.

Table 7-2.1-4 Supporting Requirements for HLR-WHA-C

The PWHA for straight-wind speeds (e.g., thunderstorms and extrattopical cyclones) at the site shall represent applicgble

regional and site-specific information (HLR-WHA-C).

Index No.
WHA-C Capability Category I Capability Category II

WHA-C1 IDENTIFY anemometer stations neagsthe site and EVALUATE the applicability and quality of the wingl
data at each station for use in the RBWHA.

WHA-C2 In analyzing wind station data,\ENSURE that the data are updated, as necessary, to the reference wing
speed defined in SR WHA-BL,

WHA-C3 ANALYZE straight-wind\data without separation =ANALYZE thunderstorm and nonthunderstorm
of thunderstorm from honthunderstorm data. data separately to produce the straight-wind hazgrd

frequencies.

WHA-C4 JUSTIFY the distribution used for the wind-speed probability in the analysis and its use in the contextjof
rare straight-wind phenomena.

WHA-C5 JUSTIF¥ the method used to produce the site-specific straight-wind frequencies from wind data recorgls
analyzed.

WHA-C6 COMPARE the straight-wind-speed frequencies COMPARE the straight-wind-speed frequencies

afid uncertainties with reference to available and uncertainties with reference to the most recejnt
data. If no data are available, JUSTIFY the published data. IDENTIFY areas of significant
reasonableness of the wind-speed frequencies differences.

and uncertainties used.
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Table 7-2.1-5 Supporting Requirements for HLR-WHA-D
The PWHA for tropical cyclones shall represent applicable regional and site-specific information (HLR-WHA-D).

Index No.
WHA-D Capability Category I Capability Category II

WHA-D1 DEVELOP site-specific PWHA tropical cyclone wind-speed frequencies by using one of the following
methods: (2) an analysis using data from a study, publication, or standard or (b) calculations with a

T P EOEI | . I I TR P 1.l L R I il o el = Lt
PTODaDTIISTIC TTOT TTCAT T TITOUTT UTA T T TCTOUTS TITUTTIC Y dT T TTTTCTISTTY ohatd, S PatTid T TITOUTCIII TE OT STOTTIT

tracks, a validated wind field model, a validated wind pressure relationship, and validated inland decay

model.

WHA-D2 COMPARE the tropical cyclone wind-speed COMPARE the tropical cyclone wind-speed
frequencies and uncertainties with available frequencies and uncertainties with reference to most
reference data. If no data are available, recent published data. IDENTIFY areas of significant

JUSTIFY the reasonableness of the wind-speed differences.
frequencies and uncertainties used.

Table 7-2.1-6 Supporting Requirements for HLR-WHA-E
Theg PWHA for tornadoes shall represent applicable regional and site-specific information (HLR-WHA-E).

Irfdex No.
WHA-E Capability Category I Cadpability Category II
WHA-E1 DEVELOP site-specific PWHA tornado wind-speed frequencies by using one of the following

methods: (2) an analysis using data from a study, publicatioh/ or standard that meets SR WHA-E2 or (b)
calculations using a probabilistic tornado hazard modelthat meets SR WHA-E2.

WHA-E2 ENSURE that the PWHA tornado wind-speed frequenicies include

(a) frequency analysis and intensity data that repfesent the site and regional tornado climatological risk
(b) analysis of and corrections for tornado reporting limitations and uncertainties

(c) tornado path length and width correlations to tornado intensity

(d) variation of tornado intensity along the path length and across the path width

(e) probabilistic models of tornado wind’speed given damage intensity

WHA-E3 ENSURE that the tornado region used in the site analysis is reasonably homogeneous and sufficiently
broad to adequately represent the tornado climatology at the site and the risks associated with these rare
events.

WHA-E4 ENSURE that the tornado @nalysis accounts for target sizes when considering the effects of wind
pressure, APC, and wind-borne missiles.

WHA-E5 COMPARE the torpado wind-speed frequencies COMPARE the tornado wind-speed frequencies
and uncertainties-with reference to available and uncertainties with reference to most recent
data. If no data are’available, JUSTIFY the published data. IDENTIFY areas of significant
reasonableness.of the wind-speed frequencies differences.

and uncerfainties used.

Table 7-2.1-7 Supporting Requirements for HLR-WHA-F
Aleptory and epistemic uncertainties in the Wind Hazard Analysis shall be identified, characterized, propagated, and
included in'thé final quantification of hazard estimates for the site (HLR-WHA-F).

Injdex-No.
WHA-F Capability Category I Capability Category II

WHA-F1 IDENTIFY assumptions and sources of uncertainty for each HW hazard.

WHA-F2 CHARACTERIZE important sources of uncertainty for each HW hazard, such as using sensitivity studies
related to alternative data, models, and methods.

WHA-F3 ESTIMATE the aleatory and epistemic PROPAGATE the aleatory and epistemic
uncertainties that are risk-significant contributors ~ uncertainties that are risk-significant contributors to
to the HW frequency quantifications. the HW frequency quantifications.
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Table 7-2.1-8 Supporting Requirements for HLR-WHA-G
Documentation of the Wind Hazard Analysis shall provide traceability of the work (HLR-WHA-G).

Index No.

WHA-G Capability Category I

Capability Category II

WHA-G1

DOCUMENT the process used in the Wind Hazard Analysis specifying the input, the applied methods,
and the results. Address the following and other details needed to fully document how the SRs are

PR . |
SAISTICU.

(e) All assumptions

(a) The process used to identify and screen out HW hazard types

(b) The approach used to perform the Wind Hazard Analysis

(c) The data, models, and methods used for determining the HW hazard curves
(d) The basis for including or excluding data, models, and methods in the analysis

WHA-G2

DOCUMENT the sources of model uncertainty for each HW hazard, the related assutiptions, and
reasonable alternatives (as identified in SRs SY-A25 and SY-B14) associated with.theSystems Analysis|

7-2.2  WIND FRAGILITY ANALYSIS (WFR)

The objective of the Wind Fragility Analysis is to
identify those SSCs that are vulnerable to the effects of
HWs and to derive site-specific wind fragilities. HW
effects include

(a) wind pressure and APC

(b) wind-generated missiles

(c) structural interactions

(d) wind-driven rain

(e) correlated hazard effects

These effects are the physical loadings that can result
from HW hazards. Wind Fragility Analysis includes'the
appropriate wind effects for each wind hazard type'that
affects the site.

The process used to develop these wind- fragilities
is referred to as probabilistic wind fragility analysis
(PWFA). The key steps in this process are to

(a) identify SSCs that are vulnetable to the effects of
HWs and include those SSCs‘whose failure may con-
tribute to the plant CDF and 'LERF

(b) evaluate SSCs and their potential failure modes
and characterize potential wind-generated missiles by
conducting a walkdown of the site

(c) assess wind\pressure and APC effects, wind-gen-
erated missileleffects, structural interaction effects, and
wind-driven rain effects

(d) include correlated hazard effects, as appropriate,
to the Site

(e)yjustify the methodologies used to screen out SSCs,
witid effects, and failure modes

the Wind Fragility Amalysis must match the referg
wind speed defined\in the applicable requirement
the Wind Hazafd)Analysis technical element for ¢
wind hazard type.

All windeffects (wind pressure, APC, wind-ge
ated misgiles, wind-driven rain) in the Wind Frag
Analysis are based on the reference wind speed. All
related hazard effects that are identified and analyj]
aspart of the HWPRA scope are also based on the re
ence wind speed. This basis ensures that the major cg
of the correlated effects is analyzed consistently wi
the HWPRA and in the computation of CDF and LERFE.

The hierarchy of wind hazard type, wind effecty by
hazard type, and potential failure modes by wind efffect
are fundamental to the organization of PWFA. Wind
effects depend on the wind hazard type. For example,
APC effects occur with tornadoes. Wind-generated 1nis-
sile effects differ with wind hazard type. Missiles jpro-
duced from straight winds and tropical cyclones Have
different impact probabilities and impact speeds fHue
to differences in the wind field characteristics. The [fre-
quency, intensity, and duration of wind-driven rain|are
also dependent on the wind hazard type.

HW fragilities are generally dependent on the w
effect and may be developed either in combination v
multiple wind effects or separately by individual W
effect. Justification is required in Wind Fragility A
ysis for aggregating effects and wind fragilities ac
wind hazard types.

Determining the appropriate analysis for the correla-

nce
5 of
ach

her-
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(/) pertorm a PWFA tor each 55C, wind effect, and
failure mode not screened out

The output of the PWFA is the conditional proba-
bilities of failure (wind fragilities) as a function of the
reference wind speed, which is the independent hazard
variable in HWPRAs. The reference wind speed used in
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tion of wind tragilities across wind ettects and tailure
modes is an inherent challenge in PWFA due to the com-
plexity of the analysis and the potentially large num-
bers of SSCs that may be impacted. The analyst must
assess the important fragility correlations that should be
addressed in the HWPRA.
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Table 7-2.2-1 High Level Requirements for Wind Fragility Analysis (WFR)

Designator Requirement

HLR-WEFR-A The Wind Fragility Analysis shall incorporate wind fragilities of SSCs for each wind hazard type
whose failure may contribute to core damage or large early release.

HLR-WEFR-B The Wind Fragility Analysis shall incorporate the data and findings of walkdown(s) to establish or
confirm as-built, as-operated site conditions.

HLR-WER-C Fragility screening shall be based on a structured process for individual SSCs, wind effects, and
failure modes.

HLR-WEFR-D The PWFA shall include wind pressure and APC effects.

HLR-WER-E The PWFA shall include wind-generated missile effects.

HLR-WEFR-F The PWFA shall include structural interaction effects.

HLR-WER-G The PWFA shall include wind-driven rain effects if relevant to the plant.

HLR-WFR-H Aleatory and epistemic uncertainties in each step of the Wind Fragility Analysis shall be identified,
propagated, and displayed in the quantification of wind fragilities.

HLR-WEFR-I Documentation of the Wind Fragility Analysis shall provide traceability of the work.

Table 7-2.2-2 Supporting Requirements for HLR-WFR-A
The Wind Fragility Analysis shall incorporate wind fragilities of SSCs for‘each wind hazard type whose failure may

confribute to core damage or large early release (HLR-WFR-A).
Ihdex No.
WEFR-A Capability Category I Capability Category II

WEFR-A1 INCLUDE in the scope of the Wind Fragility‘Analysis those SSCs and associated failure modes identified
in the Wind Plant Response Analysis and any structures that are not included in the plant-response
model but that enclose or protect those SS¢s. See HLR-WPR-C1, HLR-WPR-C2, HLR-WPR-C3, and HLR-
WPR-C4.

WER-A2 DEVELOP wind fragilities that are\(#r) based on the reference wind speed for each HW hazard, (b) site-
specific, and (c) SSC-specific.

WEFR-A3 ENSURE that the wind fragilities cover the range of wind speeds developed in SRs WHA-B5 and
WHA-B6.

WER-A4 ENSURE that the S§C\failure modes that are not screened out are included for each wind loading effect.

WER-A5 When multiple éffécts and/or failure modes are aggregated into a single fragility, JUSTIFY the method
used for the dggregation.

WER-A6 When the-sarme wind fragilities are used for different wind hazards, JUSTIFY the basis for not using
wind-hazard-specific fragilities.

WER-A7 DEVELOP the HW fragility correlations of wind-induced SSC failures, if applicable, and ASSESS the
correlations for their impact on HWPRA results and insights.

WEFR-A8 ADDRESS the effects of coexistent hazards on the fragilities that are included in the HWPRA scope, if

applicable.
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Table 7-2.2-3 Supporting Requirements for HLR-WFR-B

The Wind Fragility Analysis shall incorporate the data and findings of walkdown(s) to establish or confirm as-built,
as-operated site conditions (HLR-WFR-B).

Index No.
WEFR-B Capability Category I Capability Category II

WEFR-B1 COLLECT information about as-built, as-operated site characteristics relevant to the Wind Fragility
Al lCl})’ Dib, ou\,} dS CUIL lbll uc liUl L L} dar Cl\.‘l.Cl 1311\.0 dl l\jll FU;,CI llial fﬂi} UItci1r lUdCD <C'6.’ D:.L bl\.:.bll Cl} il l.l.Cl dl :.iUl S nd
missile effects) related to plant SSCs, for each wind effect by conducting a walkdown.

WEFR-B2 ENSURE that for those SSCs included in the HWEL, SSC supporting elements (e.g., associated piping
conduits, vents, supports, and other components required to support functionality) are identified in the
walkdown and are included in the Wind Fragility Analysis.

WFR-B3 In evaluating SSCs that are screened out for one or more wind failure modes in SR WERA4 and
HLR-WEFR-C, CONFIRM that the assumptions used in the screening analysis are censistent with the
observations from the walkdown.

WEFR-B4 COMPILE the numbers, types, and locations of potential missiles that may catise individual SSCs to fgil
(e.g., via plant survey).

WEFR-B5 ENSURE that the missile characterization is consistent with the missile fragility methodology
requirements under SRs WFR-E3, WFR-E4, and WFR-E5.

WER-B6 ESTIMATE the number of potential missiles and their locations.for different plant-operating states, sufch

as outage and nonoutage modes.

Table 7-2.2-4 Supporting Requirements for HLR-WFR-C

Fragility screening shall be based on a structured process forindividual SSCs, wind effects, and failure modes (HLR-

WER-C).
Index No.
WER-C Capability Category I Capability Category II

WEFR-C1 If an SSC is screened out for wind pressure effects and/or APC effects, JUSTIFY the methodology usegl
and the basis for the screening*ott evaluation.

WEFR-C2 If wind-generated missile effects are screened out for an SSC, JUSTIFY the basis for the screening-out
evaluation.

WER-C3 If structural-interdetion effects are screened out for an SSC, JUSTIFY the basis for the screening-out
evaluation.

WER-C4 If wind-driveeni rain effects are screened out for an SSC, JUSTIFY the basis for the screening-out

evaluatién.

The PWEAshall include wind pressure and APC effects (HLR-WFR-D).

Table 7-2.2-5 Supporting Requirements for HLR-WFR-D

IndexNo.
WFR-D Capability Category I Capability Category II
WER-Dt TISTiF Y themethods used for devetoping wird pressure toad effects if they deviate fronmrappiicabte
national wind-loading standards.
WEFR-D2 JUSTIFY the methods used for developing APC load effects, including methods for combining wind
pressure and APC loads.
WEFR-D3 ENSURE that differences in wind design loads are included when the SSC design information and

applicable codes are compared with current wind standards and codes.
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Table 7-2.2-5 Supporting Requirements for HLR-WFR-D (Cont’d)
The PWFA shall include wind pressure and APC effects (HLR-WFR-D).

Index No.
WER-D Capability Category I Capability Category II
WEFR-D4 If the SSC is a flexible structure, ENSURE that the dynamic response characteristics are included in the
wind effects.
WER-D5 EVALUATE the site for potential topographic effects according to applicable national standards or
other published methodologies and, if applicable, ENSURE that the wind pressure effects represent
topographic speed-ups (local increases in wind speed due to local topographical factors).
WEFR-D6 ASSESS SSCs for potential wind pressure load effects including shielding and INCLUDE factorsfor these
potential effects in the fragility calculation, if applicable.
Table 7-2.2-6 Supporting Requirements for HLR-WFR-E
The PWFA shall include wind-generated missile effects (HLR-WFR-E).
Irfdex No.
WER-E Capability Category I Capability Category II
WER-E1 USE the site-specific wind hazard characteristics and their associated wind fields for developing wind-
generated missile effects.
WER-E2 JUSTIFY the basis for using missile effects that are not wirid\hazard-specific.
WEFR-E3 GROUP the missile types for fragility evaluation using the numbers and types of missiles surveyed in
SRs WFR-B4, WFR-B5, and WFR-B6.
WER-E4 DESCRIBE how missiles from structure sources,ncluding building envelope sources, building contents,
and rooftop missiles are quantified and included in the missile analysis.
WEFR-E5 When missile sources are excluded from theanalysis because they are located too far from the nearest
target SSCs, JUSTIFY the basis.
WER-E6 When the missile impact and damagé methodology uses a scaling approach based on SSC dimensions,
area, or volume, JUSTIFY the approach.
WER-E7 DEMONSTRATE that the missile impact and damage methodology produces stable numerical results for
the missile effects over the'range of wind speeds.
WER-E8 SPECIFY the assumptigns and analysis methods SPECIFY the assumptions and analysis methods in
in the missile effects analysis, including the missile effects analysis, including
(a) the spatial effegts of the plant layout, (a) the spatial effects of the plant layout,
topography, §5¢ locations, and missile numbers topography, SSC locations, and missile numbers
and sourcés and sources
(b) wind field characteristics (b) shielding structures and features
(c) missile injection, aerodynamics, and (¢) wind field characteristics
trajectory analysis (d) missile injection, aerodynamics, and trajectory
(1) )missile impact and damage to SSCs analysis, including ricochet into SSCs, if appropriate
(¢) multiple missile generation in a wind hazard (e) missile impact and damage to SSCs
event (f) multiple missile generation in a wind hazard
event
ENSURE that the site-specific missile impact and
dau lﬂgc Lﬂ}L bl}Cl:.iUl S ;_l l\.}bld\:
(a) site-specific wind hazard path sizes and path
direction distributions
(b) missile type-dependent aerodynamics
(c) missile damage analysis methods that depend
on missile type
ENSURE that the method captures risk-significant
SSCs and site-specific features.
WEFR-E9 SPECIFY the missile hit/damage criterion for each SSC.
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Table 7-2.2-6 Supporting Requirements for HLR-WFR-E (Cont’d)
The PWFA shall include wind-generated missile effects (HLR-WFR-E).

Index No.
WER-E Capability Category I Capability Category II
WEFR-E10 DESCRIBE how the correlations of missile hit/damage to multiple SSCs in the same wind event are
analyzed.
WEFR-E11 ENSURE that variations in missile populations including outage/non-outage conditions and plant
configuration changes are included in the missile impact and damage analysis.

Table 7-2.2-7 Supporting Requirements for HLR-WFR-F
The PWFA shall include structural interactions effects (HLR-WFR-F).

Index No.
WER-F Capability Category I Capability Category II
WEFR-F1 DEFINE the methodology used for structural interaction analyses.
WEFR-F2 INCLUDE potential structural interaction effects from the failure-ofichimneys, stacks, exhausts, towerp,
poles, walls, roof structures, and other structures and components’on SSCs included in the HWEL.

Table 7-2.2-8 Supporting Requirements for HLR-WFR-G
The PWFA shall include wind-driven rain effects if relevant to the plant (HLR-WFR-G).

Index No.
WER-G Capability Category\I Capability Category II
WFR-G1 DEFINE the methodology used\for wind-driven rain effects.
WEFR-G2 INCLUDE the wind-drivefi rainwater entry paths that may lead to water drip, splash, and/or rain onfo
potentially risk-significant'SSCs.

Table 7-2.2-9 Supporting Requirements for HLR-WFR-H
Aleatory and epistemic uncertainties in each step of the Wind Fragility Analysis shall be identified, propagated, pnd
displayed in the/quantification of wind fragilities (HLR-WFR-H).

Index No.

WFR-H Capability Category I Capability Category II
WER=H1 IDENTIFY aleatory and epistemic uncertainties to be evaluated in the Wind Fragility Analysis.
WER-H? CHARACTERIZFE the imporfant sources of incertainty in the Wind Fragility Analysis (e o uising

uncertainty analysis or sensitivity studies).
WEFR-H3 CALCULATE the fractile and mean fragilities considering aleatory and epistemic uncertainties.
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Table 7-2.2-10 Supporting Requirements for HLR-WFR-I
Documentation of the Wind Fragility Analysis shall provide traceability of the work (HLR-WFR-I).

Index No.
WER-I Capability Category I Capability Category II

WER-I1 DOCUMENT the process used to perform the Wind Fragility Analysis including a description of each of
the following as applicable:

\M/\ :.} < lllcl}lUdUluéicb UsSTu .LU \iual l‘l,ilc}’ ‘l.} < II‘V‘\'7 qusi}i‘Licb Uf SSCD, ﬂ}\_}l 16 VVil}l ClDDLllllP ‘l.;\Jl 1S5,

(b) a detailed set of SSC fragility values or fragility curves that includes the method of analysis, the
significant failure mode(s), the sources of information, and the location of each SSC;

(c) the screening methodology;

(d) the basis for screening out any SSC depending on the generic HW capacity;

(e) the method of identifying SSC failure mechanisms, the identified failure mechanisms, ancithe
associated failure modes;

(f) the treatment of wind pressure and APC effects, wind-generated missile effects, structtiral
interactions effects, and wind-driven rain effects if relevant to the plant;

(g) walkdown observations and conclusions; and

(h) the results of the fragility evaluation.

WER-12 DOCUMENT the sources of model uncertainty, the related assumptions, and'feasonable alternatives (as
identified in SRs SY-A25 and SY-B14) associated with the Wind FragilitysAfalysis.

7-2{3 WIND PLANT RESPONSE ANALYSIS (WPR)

Tlhe objectives of the Wind Plant Response Analysis are to

(4) develop a HW plant-response model (e.g., using the internalievents model as a starting point)

(b) develop accident sequences based on the plant configuration, the relevant initiating events and the resultant
failpres

(¢) integrate the Wind Hazard Analysis and the Wind Fragility Analysis with the plant-response model to estimate
CDF and LERF

Table 7-2.3-1 High Level Requirements forWind Plant Response Analysis (WPR)

Designator Requirement
HLR-WPR-A The HW plant-respanse’model shall include HW-induced initiating events that cause risk-significant
accident sequences.arid / or risk-significant accident progression sequences.
HLR-WPR-B The HW plant-response model shall include HW-induced SSC failures, non-HW induced SSC

failures, unavdilabilities, human errors, and multi-unit effects that may lead to core damage or large
early release.

HLR-WPR-C Thedist-of SSCs selected for Wind Fragility Analysis shall include the SSCs that contribute to
accidént sequences included in the HW plant-response model.

HLR-WPR-D Human actions credited in the HWPRA shall consider HW-specific challenges to human
performance.

HLR-WPR-E The analysis to quantify CDF and LERF shall integrate the HW hazard, the HW fragilities, and the

HW plant response, including uncertainties on a reactor-year basis.

HLR-WPR-F Documentation of the Wind Plant Response Analysis and quantification analysis shall provide

Traceabiiity of the WorK.

272

Copyright © 2022 by the American Society of Mechanical Engineers.
No reproduction may be made of this material without written consent of ASME. %



https://asmenormdoc.com/api2/?name=ASME ANS RA-S-1.1 2022.pdf

ASME/ANS RA-S-1.1-2022

Table 7-2.3-2 Supporting Requirements for HLR-WPR-A

The HW plant-response model shall include HW-caused initiating events that cause risk-significant accident sequences
and/or risk-significant accident progression sequences (HLR-WPR-A).

Index No.
WPR-A Capability Category I Capability Category II

WPR-A1 IDENTIFY HW-induced 1n1t1at1ng events caused dlrectly by the HW event by usmg a process that
GLAULLDD\,D Ll T ur u\iuc ClDthle Ul Cﬂ\_ll QIJPLLLGULC llClLCllLl l,)’tlc \C 6 7 DLl ﬂlSl ll, \Ag Y lLA, LULL lﬂuU, dl lbl LLUlJl\_Cll
cyclone).

WPR-A2 IDENTIFY initiating events caused directly or indirectly by the HW event, including initiating
events associated with changes in the plant mode (e.g., plant shutdown) or proceduralized plant
reconfigurations prior to shutdown (if applicable) due to the HW event.

WPR-A3 ENSURE the initiating events included in the Wind Plant Response Analysis represeritindustry
experience (e.g., through review of plant-specific response to past HW events or warnings, industry
operating experience, and other available HW risk evaluations for nuclear plants).

WPR-A4 Using a systematic process and a review of relevant industry experience, IDENTIFY HW-induced hazprd
events resulting from coexistent hazards that can induce initiating events 67"SSC failures modeled in the
HWPRA.

WPR-A5 INCLUDE in the plant-response model the initiating events, identified’in SRs WPR-A1, WPR-A2, and

WPR-A3.

Table 7-2.3-3 Supporting Requirements for HLR-WPR-B

The HW plant-response model shall include HW-induced SS&*failures, non-HW-induced SSC failures, unavailabili
human errors, and multi-unit effects that may lead to core dathage or large early release (HLR-WPR-B).

ies,

Index No.
WPR-B Capability Categoryd Capability Category II

WPR-B1 USE the accident sequences and-the systems logic model from the at-power, internal-event PRA modéls
as the basis of the plant-response model.

WPR-B2 ENSURE that significant deficiencies identified during the peer review for the internal-events PRA anfl
the other PRAs that are relevant to the results of the HWPRA are resolved and incorporated into the
development of the Wind Plant Response Analysis.

WPR-B3 INCLUDE HW-=induced failures representing failure modes of interest in the HWPRA plant-response
model.

WPR-B4 MODEL(fthe fragility correlation of wind-induced SSC failures if applicable. JUSTIFY the correlation
approach used.

WPR-B5 ASSESS the safe and stable end state of the HW- ASSESS the safe and stable end state of the HW-
induced accident sequences in accordance with induced accident sequences in accordance with SR
SR SC-A5 Capability Category I (CC-I) to confirm  SC-A5 Capability Category II (CC-II) to confirm|
that sustained impacts on plant accessibility and that sustained impacts on plant accessibility anq
emergency-response capability do not invalidate emergency-response capability do not invalidatp
the assumed mission time. the assumed mission time.
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Table 7-2.3-3 Supporting Requirements for HLR-WPR-B (Cont’d)

The HW plant-response model shall include HW-induced SSC failures, non-HW-induced SSC failures, unavailabilities,
human errors, and multi-unit effects that may lead to core damage or large early release (HLR-WPR-B).

Index No.
WPR-B Capability Category I Capability Category II

WPR-B6 For PRA logic models developed for the HWPRA,  For PRA logic models developed for the HWPRA,
SATICEV tbha £ollovizina xagsdeans an orncictan A E ha follovzing ragiiieans an oncictan
with CC-1 requiremets in Part 2 (if applicable): with CC-1I requiremets in Part 2 (if applicable):
(a) Initiating Event Analysis per HLR-IE-A and (a) Initiating Event Analysis per HLR-IE-A and
HLR-IE-B HLR-IE-B
(b) Accident Sequence Analysis per HLR-AS-A (b) Accident Sequence Analysis per HLR*AS-A
and HLR-AS-B and HLR-AS-B
(¢) Success Criteria per HLR-SC-A and HLR-SC-B.  (¢) Success Criteria per HLR-SC-A@nd HLR-SC-B.
(d) Systems Analysis per HLR-SY-A and HLR-SY-B  (d) Systems Analysis per HLR-SY-A"and HLR-SY-B
(e) Data Analysis per HLR-DA-A, HLR-DA-B, (e) Data Analysis per HLR-DA-A, HLR-DA-B,
HLR-DA-C, and HLR-DA-D HLR-DA-C, and HLR-DA-P
ENSURE the following are represented: ENSURE the following are represented:
(a) HW-induced SSC failures, (a) HW-induced SSC failures,
(b) SSC unavailabilities and failures not induced (b) SSC unavailabilities and failures not induced
by the HW event, and by the HW event, and
(¢) Human actions associated with HW response (¢) Human acfiens associated with HW response
(including HW-related actions not included within  (including HW-related actions not included within
the internal-events model) that can give rise to risk- the internalsevents model) that can give rise to risk-
significant accident sequences or risk-significant significant‘accident sequences or risk-significant
accident progression sequences. accident progression sequences.

WPR-B7 INCLUDE coexistent hazards that are within the scope 6f the HWPRA.

WPR-B8 For sites with multiple units, ASSESS the effects of8{Ws on other units as it affects the unit under study
(e.g., effects on resources and organizational response, shared SSCs, and site accessibility).

Table 7-2.3-4 Supporting Requirements for HLR-WPR-C
Thelist of SSCs selected for Wind Fragility Analysis shall include the SSCs that contribute to accident sequences included
in the HW plant-response model (HLR-WRRXC).
Irjdex No.
WPR-C Capability Category I Capability Category II

WPR-C1 DEVELOP an-HWZEL based on the internal-events PRA model.

WPR-C2 INCLUDE(injthe HWEL additional SSCs that are not modeled in the internal-events model but that
require évaluation in the HWPRA.

WPR-C3 AUGMENT the HWEL based on the review of industry HWPRA HWELSs, if available.

WPR-C4 INCLUDE in the HWEL structural interactions (including spatial interactions) due to SSCs that may not
be present in the internal-events model.

WPR-C5 For the SSCs identified in SRs WPR-C1, WPR-C2, WPR-C3, and WPR-C4, IDENTIFY the failure mode(s)
of interest for the Wind Fragility Analysis.
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Table 7-2.3-5 Supporting Requirements for HLR-WPR-D

Human actions credited in the HWPRA shall consider HW-specific challenges to human performance (HLR-WPR-D).

Index No.
WPR-D Capability Category I Capability Category II

WPR-D1 IDENTIFY the human failure events (HFEs) from the baseline (e.g., internal events) PRA and those not
included in existing PRA models, including preparatory and recovery actions, that are relevant in the

WPR-D2 EVALUATE operator actions for performance-shaping factors related to unique aspects of each HW
hazard (e.g., straight wind, tornado, and tropical cyclones).

WPR-D3 For human-response actions relevant to the For human-response actions relevant'to the
Wind Plant Response Analysis, SATISFY CC-1 Wind Plant Response Analysis, SATISFY CC-II
requirements in HLR-HR-E of Part 2, except where  requirements in HLR-HR-E of Pait 2, except whre
the requirements are not applicable. the requirements are not applicable.

WPR-D4 For definition and specification of HFEs For definition and specification of HFEs for
for human-response actions, SATISFY CC-I human-response actiohs)SATISFY CC-II
requirements in HLR-HR-F of Part 2, except where = requirements in HLR=HR-F of Part 2, except where
the requirements are not applicable. the requirements a¥e not applicable.

WPR-D5 REVIEW procedures and sequences of events with plant operations '0r*training personnel to confirm that
the interpretation of the procedures relevant to actions credited inthe HWPRA is consistent with planf
operational and training practices.

WPR-D6 For treatment of operator actions, SATISFY the requirements)in HLR-HR-H, except where the
requirements are not applicable.

WPR-D7 INCLUDE HFEs in the HWPRA plant-response mddel'such that the HFEs represent the impact of hurhan
failures at the function, system, train, or comporient level, as appropriate.

WPR-DS8 ADJUST the credited recovery models based on results of SR WPR-D6. SPECIFY the basis for recovery
values, if used (e.g., based on review of procedures and assessment of conditions under which actiong
will be performed).

WPR-D9 For developing human error probabilities (HEPs),  For developing HEPs, SATISFY CC-II requirem¢nts

SATISFY CC-I requirements in HER-HR-G in Part
2, except where they are not applicable, taking
into consideration relevantH{W-related effects on
human actions.

When addressing infl@encing factors and the
timing consideratioris,in SRs HR-G3, HR-G4, and
HR-G5 of Part 2:INCLUDE the effect of the HW
hazard on thecontrol room and ex-control room
human actiong, for example,

(a) additional workload and stress

(b) erlvitonment in which personnel are working
(e.g weather, heat, lighting, radiation)

(6)\HW failures that impact access

{d) staffing and communications

(e) lack of cue availability

(f) effects of HW on mitigation, required response,
timing, accessibility, and potential for physical
harm

(g) wind-specific job aids and training

in HLR-HR-G in Part 2, except where they are npt
applicable, taking into consideration relevant HW-
related effects on human actions.

When addressing influencing factors and the
timing considerations in SRs HR-G3, HR-G4, and
HR-G5 of Part 2, INCLUDE the effect of the HW
hazard on the control room and ex-control roomn
human actions, for example,

(a) additional workload and stress,
(b) environment in which personnel are workir|g
(e.g., weather, heat, lighting, radiation),
(c) HW failures that impact access

(d) Staffing and communications

(e) lack of cue availability

(f) effects of HW on mitigation, required respopse,
timing, accessibility, and potential for physical
harm

(g) wind-specific job aids and training
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Table 7-2.3-6 Supporting Requirements for HLR-WPR-E

The analysis to quantify CDF and LERF shall integrate the HW hazard, the HW fragilities, and the HW plant response,
including uncertainties on a reactor-year basis (HLR-WPR-E).

Index No.
WPR-E

Capability Category I Capability Category II

WPR-E1

In the quantification of CDF and LERF on a reactor-year basis, INTEGRATE the HW hazard, fragility, and

" 1 et PRA 1.1
SYSTCIITS aITdTy STS TIT HTC T N7 T TITOUTT.

WPR-E2

ADDRESS overestimation of risk due to rare-event approximations (e.g., where fragilities approach 1(0),

WPR-E3

ENSURE that the discretization of the wind-speed hazard curves (or other numerical methods uséd to
incorporate the hazard curve in the integration) is appropriate to demonstrate convergence of CRF and
LERF (e.g., the size and number of bins used to discretize the hazard curve).

WPR-E4

When quantifying HW CDEF, SATISFY SRs QU-A2, QU-A4, and QU-A5; QU-B1, QU-B2, and QU-B3;
QU-B5, QU-B6, QU-B7, QU-B8, QU-B9, and QU-B10; QU-C1, QU-C2, and QU-C3; QU-D%, QU-D2, and
QU-D3; QU-D5, QU-D6, and QU-D7; and QU-E1 and QU-E2 in Part 2, except where{lie requirements are
not applicable.

WPR-E5

USE the hazard curves, wind fragilities, and a QUANTIFY the mean and the uncertainties of
point-estimate quantification of the plant-response  the CDF and LERE&stimates by propagating
model to generate point estimates of CDF and the uncertainties.associated with HW-hazard
LERFE. frequency, HW.fragility, and HW plant-response
model events through the quantification process.

WPR-E6

In the analysis of LERF, SATISFY CC-I In the analysis of LERF, SATISFY CC-II
requirements in SRs LE-A2; LE-C2, LE-C3, LE-C4, requifements in SRs LE-A2; LE-C2, LE-C3, LE-C4,
and LE-C12; LE-D3; LE-E3; and LE-F1 and LE-F2 and\LE-C12; LE-D3; LE-E3; and LE-F1 and LE-F2
in Part 2, except where the requirements are not inPart 2, except where the requirements are not
applicable to the HW hazard. applicable to the HW hazard.

WPR-E7

IDENTIFY assumptions and sources of uncertairity in the Wind Plant Response Analysis.

WPR-ES8

CHARACTERIZE important sources of uncertainty in the Wind Plant Response Analysis (e.g., using
uncertainty analysis or sensitivity studies)-and SATISFY SR QU-EL1 for each technical element (i.e., Wind
Hazard Analysis, Wind Fragility Analysis; and Wind Plant Response Analysis).

Table 7-2.3-7 \Supporting Requirements for HLR-WPR-F

Dodumentation of the Wind Plant Responsé Analysis and Quantification Analysis shall provide traceability of the work

(HIR-WPR-F).

Ifdex No.
WPR-F

Capability Category I Capability Category II

WPR-F1

DOCUMENT the process used in the Wind Plant Response Analysis and quantification specifying the
inputs 6 the Wind Plant Response Analysis technical element, applied methods and the results. Address
the follawing, as well as other details needed to fully document how the set of SRs are satisfied:

(a)the specific adaptations made in the internal events PRA model to produce the HWPRA model, and
their bases

(b) those wind-related influences that affect methods, processes, or assumptions used and the
identification and quantification of the HFEs/HEPs in accordance with HLR-WPR-D

(c) the major outputs of an HWPRA, such as CDF, LERF, sequence contributions, initiating-event
contributions, uncertainty distributions on CDF and LERF, results of sensitivity studies, and risk-

ERa i
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Part 2, except where the requirements are not applicable.

WPR-F2

DOCUMENT the sources of model uncertainty, the related assumptions, and reasonable alternatives
(as identified in SRs WPR-E7 and WPR-E8) associated with the Wind Plant Response Analysis.
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NONMANDATORY APPENDIX 7-A
HIGH WIND NOTES and COMMENTARY

7-A.1 OVERVIEW OF HIGH WIND AT-POWER PRA
REQUIREMENTS

The update to Part 7 represents approximately a
20-year period since the last major update regard-
ing HWPRAs. A significant amount of new informa-
tion, publications, improved national standards, and
advances in wind engineering have occurred during
this time. Approximately 12 HWPRAs have been per-
formed in the past few years. These studies revealed that
HWs contribute more to a plant’s CDF and LERF than
previously thought (Mironenko and Lovelace, [7-A-1]).
A number of papers have documented methods used,
insights, and lessons learned from these recent assess-
ments. Resources are listed in Section 7-A 4.

The requirements for this revision to Part 7 were
prepared based on the current state of practice for
Wind Hazard Analysis, Wind Fragility Analysis, and
Wind Plant Response Analysis. The intent of the revi-
sion was to update Part 7 by following the state of
practice in national wind load documents and recent
HWPRAs. The state-of-practice methods and the enisu-
ing requirements applied in writing Part 7 are patt of
the continuing evolution of the art and science’in per-
forming HWPRAs.

The realities of multiple wind-hazard;*analyses for
most sites and multiple wind effeqfts for each hazard
make for a broad technical scope for HWPRAs. Plants
predating 10 CFR Part 50 Appendix A (General Design
Criteria) (NRC, [7-A-2]), fréquently lack mature HW
design requirements and,.as a result, typically pos-
sess vulnerable SSCs._that are identified in the HW
walkdowns.

HW hazard analysis has matured significantly over
the past decade. State-of-the-art and state-of-the-prac-
tice standards) for straight wind (ASCE 7-16, [7-A-3])
and tropical cyclones (NUREG/CR-7005, [7-A-4]) are
availablé.to the analyst. However, current standards for
tormmado wind frequencies tend to lag the state of the art,
afid-the analyst may need to incorporate safety factors
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The Wind Fragility Analysis requirements lirl
updated Part 7 of this Standard have been |organi
by the four primary wind effects—presstize and A
wind-generated missiles, structural intetractions,
wind-driven rain. The analyst may‘identify additi
effects and correlated hazards_that are needed in
HWPRA.

Wind-driven rain is an effect that was not mentio
in the previous editionof\Part 7. Because many W
hazards are often, but ‘not always, accompanied
intense rain, certain\iriterior electrical equipment 1
experience a significant amount of rainwater dep
tion if the building envelope fails during an HW ev|
Wind-drivenrain has been evaluated in several re
HWPRAS as part of a refined analysis to reduce con|
vatisiths (Twisdale et al., [7-A-7]; Vickery et al., [7-A
Leyvélace et al., [7-A-9]).

The commentary and notes herein are intended
provide the basis, clarification, and discussion of
HW requirements. All commentary is provided at
SR level.

The goal of the notes and commentary contai
in this NMA to Part 7 is to ensure that analysts
apprised of certain known characteristics, challen,
and issues associated with modeling HW haza
effects, and failure modes. While some of the N|
discussion includes “primer-like” information,
language herein should not be viewed as prescript
The analyst should not interpret this NMA as limi
flexibility in the conduct of the technical analyse
in the application of expert and engineering judgm
A broad range of tools, techniques, implicit or explicit
analysis, and judgment may be required to address|the
diverse nature of wind hazards and effects as well as
the potential for wind-induced correlated hazards gnd
their effects.

Comprehensive documentation of the data and t
nical bases for the analyses and modeling decisions
critical part of an HWPRA. Due to the limited numn
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1T tormado azard anatysis that address documented
limitations. Development of a new ASCE standard for
tornado hazard wind speed analysis is underway (Phan
et al.,, [7-A-5], [7-A-6]), and additional publications are
expected to be released.

277

of Tecernt HWPRAS; theadvarcement of umderstanding
risks from HWs depends on detailed documentation to
facilitate peer review of the HWPRA and to improve
understanding of plant performance during and after

the occurrence of HW events.
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7-A.2 COMMENTARY TO HIGH WIND
AT-POWER PRA TECHNICAL ELEMENTS AND
REQUIREMENTS

7-A.2.1 Commentary to Wind Hazard Analysis (WHA)

For the purposes of this Standard, the HW hazard
group includes the following wind-hazard types:

speeds in the tornado hazard analysis. Typically, there
are significant uncertainties in estimating tornado haz-
ard wind-speed frequencies.

Itis important to note that various national wind-load-
ing standards may refer to additional types or subtypes
of wind hazards. For example, ASCE 7 [7-A-13] refers
to “special wind regions,” which include mountain-

(n) straiobht unnde (thiindaorctarm wurinde o d ovieo
S A

trofpical cyclones)

(b) tropical cyclone winds (hurricanes and typhoons)

(¢) tornadoes
e specific definitions and subgroupings of these
HW hazard types are an integral part of the Part 7
scope, organization, and requirements. These distinct
wirld-hazard types have separate phenomenological
chafacteristics, and observational data are typically
confrained in separate databases, the analysis of which
reqpires different methods of analysis. The types of
irf{d hazards identified in Wind Hazard Analysis are
istent with modern characterization of the phenom-
and methods used for analysis for windstorms that
e the capability to produce HW speeds. The analyst
ld be familiar with the sources of the data and the

odg for straight winds, tropical cyclones, and tornadoes.
raight winds include thunderstorm winds and
extfatropical cyclones. HW speeds in thunderstorms are
asspciated with gust fronts, derechos, and downbursts.
Extfatropical storms are often referred to as “winter
storms,” “midlatitude cyclones,” or “Nor’easters” {ift
the| eastern United States (US)]. These storms, cover
large areas, may have durations of hours to_days, and
may produce wind-driven storm surges for" sites near
large bodies of water.

opical cyclones have a low-pressure center and
rally form over warm ocean water, predominately
in the tropics. Tropical cyclones.are often referred to as
“hyrricanes,” “cyclones,” or “typhoons,” depending on
locgtion and storm intensity) Tropical cyclones cover
large areas, and the duratien of HWs at a site can last
for hours. Tropical cyclones are often accompanied by
intgnse rain and may.produce wind-driven storm surge.
tornado is defined as “a rotating column of air, in
conftact with ‘the surface, pendant from a cumuliform
clofid, and\often visible as a funnel cloud and/or cir-
culdtingdebris/dust at the ground” (AMS, [7-A-10]). It
portant to note that the tornado literature empha-

OUs terrain, gorges, and other complex terrain regions
identified in the ASCE 7 wind-speed maps. Sites)inx
such areas may be subject to unusual wind conditions
and may have high local wind speeds resulting/from
complex terrain and/or simple, isolated topographic
speed-ups (of the type included in ASEE/7). In addi-
tion, sites in arid or semiarid locationsartay be subject
to windstorms with significant amiotints of entrained
dust or sand. A separate hazardrdistinction for “special
or unusual” wind conditionssissfiot included in Part 7.
There is a consensus that plants sited in such locations
would be very unusual,‘so the Wind Hazard Analysis
requirements for site-diid regional anemometer analysis
under the straightswind hazards would be sufficient to
identify any “spécial wind” conditions that may exist at
a site. In thisregdrd, it is noted that topographic speed-
ups are ineluded as an SR. Due to the highly site-specific
nature ¢f thusual wind environments and following
ASCE.% recommendations for such locations, consulta-
tiortiwith a wind engineer or meteorologist is advised
ifcthe site is deemed to be subject to “special winds.”
These analyses may require expert consultants, review
of historical storm documentation and records, model-
ing, and/or wind tunnel testing to develop the infor-
mation necessary for the hazard and fragility analyses.
Wind Hazard Analysis uses wind speed as the HW
independent hazard parameter, consistent with national
and international codes and standards. Because wind
pressure loads on rigid structures and components are
proportional to the square of the wind speed, the use
of wind speed as the independent wind-hazard param-
eter introduces an inherent sensitivity to uncertainties
in the wind-speed frequencies. Wind-generated missile
effects are generally proportional to a higher exponen-
tial power of wind speed due to the number of missiles
produced and the higher missile speeds that result from
an increase in wind speed. Flexible structures are also
proportional to the wind speed at a higher exponential
power. Small changes or uncertainties in wind speed for
a given return period can result in significant changes
in analyzed load effects and in the failure frequency of

sizes that fornado reporting is not efficient in Jow-pop-
ulation areas, and many tornadoes may go unreported
in areas where few people live. Tornadoes occur with a
wide range of intensities, lengths, and widths and may
have single or multiple vortices. Tornado intensities are
estimated from observed damage; therefore, the inten-
sity levels (F and EF scales; Fujita, [7-A-11] and Texas
Tech University, [7-A-12]) must be converted to wind
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a vulnerable S5C. Theretore, the development of mean
frequencies, considering aleatory and epistemic uncer-
tainties, is a critical part of the Wind Hazard Analysis
and is essential to producing accurate HWPRA results.
Site-specific wind hazard analysis generally requires
the consideration of regional data. The size of the region
requires judgment and depends on the regional clima-
tology and type of wind hazard, the number of years
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for which accurate records are available, the extent and
quality of the data, and the hazard’s spatial variability
within the region.

Care must be taken in understanding the sources and
quality of the data in the site Wind Hazard Analyses. For
example, a “site” anemometer may be poorly sited, may
notinclude archived peak gust data, may not have contin-
Tlous records, or may not have sulliciently Jong records.
There are no ready fixes for data produced from poorly

on the recorded wind speeds. The emphasis on data
quality and analysis in Part 7 for Wind Hazard Analysis
follows directly from widely recognized requirements in
wind-hazard modeling. For example, ASCE 7-16 (Sec-
tion 26.5.3) [7-A-3] includes a list of requirements regard-
ing analysis procedures when wind hazard analysis is
undertaken in lieu of the basic wind speeds provided in

at standard. Understanding these and other imitatjons
of wind-hazard data is essential to producing wind-taz-

sited anemometers. Differences in anemometer types,
siting history, and conditions can have notable impacts

ard frequencies that are accurate and that represent|the
appropriate uncertainties.

Table 7-A.2.1-1 Commentary to High Level Requirement for Wind Hazard-Analysis (WHA)

Designator Commentary
HLR-WHA-A No commentary provided.
HLR-WHA-B No commentary provided.
HLR-WHA-C No commentary provided.
HLR-WHA-D No commentary provided.
HLR-WHA-E No commentary provided.
HLR-WHA-F No commentary provided.
HLR-WHA-G No commentary provided.
Table 7-A.2.1-2 Commentary to Supporting Requirements for HLR-WHA-A
Index No.
WHA-A Commentary
WHA-A1 Examples of potentially relevant HW hazards include, but are not necessarily limited to

(a) straight winds
(b) tropical(cyclone
(c) tornade

(d) wind-driven rain

WHA-A2 Examples of relevant information may include historical, regional, and site-specific HW data; HW
gharacteristics; and HW vulnerabilities. Relevant wind hazard data and analyses can often be found i
national standards (e.g., ASCE 7-16 [7-A-3] in the US), NUREGs, National Oceanic and Atmospheric
Administration (NOAA), National Climatic Data Center (NCDC), and the literature. In addition, site

information is available at many plants.

WHA-A3 Straight winds occur everywhere on earth. Extreme values of straight winds can exceed 125 mph, and|

downburst wind speeds of 150 mph have been documented. Consequently, deterministic screening is fnot

allowad forctraiaht vzinde bt thays
7 J

Probabilistic Screening. Probabilistic screening focuses on use of bounding/conservative hazard
frequencies for screening but also considers the reliability of site protection and mitigation.
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Table 7-A.2.1-2 Commentary to Supporting Requirements for HLR-WHA-A (Cont’d)

Index No.

WHA-A

Commentary

WHA-A4

Two methods of screening for tropical cyclones are allowed in SR WHA-A4.
Distance Screening The use of 150 miles (approximately 250 km) as screening distance was developed
based on a review of multlple plant locations in the southeast US, where recent HWPRAs have been

PCILULIL[C\J VVlLll llulllkﬂllc VVll lub 11 lLlLlLlCL{ l‘ll ClUUbll. I.l llb \Alblal I, l.l < llulll\.al < 1 lVV lleiblcl ll_y 14:1113
below 20% of the total HW frequency for wind-speed bins of interest. The contribution to CDF was found.
to be less than a few percentages. Therefore, at this distance and beyond, tropical cyclones are expectedto
make an insignificant contribution to the HW risks.

Probabilistic Screening. Probabilistic screening focuses on use of bounding/conservative hazard
frequencies and fragility analyses.

WHA-A5

Tornadoes may be screened from the HWPRA using exclusion screening or probabilistic scréening. These
concepts are similar to the approaches allowed for tropical cyclone screening.

Exclusion Screening. Because tornadoes are not always reported and many countries miay not have an
official record for tornadoes, the analyst should be aware that the lack of reportinig”of tornadoes does not
always mean that the hazard does not exist. For example, in regions that have sévere thunderstorms, the
meteorological conditions exist for tornadoes. Exclusion screening should,thefefore consider tornado
reporting in nearby regions/countries with similar climatology, as well as¢he climatology of the region
and the potential for tornadic conditions to be present.

Probabilistic Screening. Probabilistic screening focuses on use of bounding/conservative hazard
frequencies for screening but also considers the reliability of sitefprotection and mitigation.

WHA-A6

This SR is intended to reflect the importance of ensuring thaf theé’aggregate risk from all HW hazards
that are screened out is not significant when considering theé baseline risks of the plant (e.g., ensure there
is not a large number of HW hazards that “barely screef’ out individually, such that their aggregate
contribution may be important).

WHA-A7

A walkdown is required for performing probabilistic screening under SRs WHA-A3, WHA-A4, and
WHA-AS. It is important to note that SSCs that-are pertinent to HW events may not be identified in the
internal-events PRA. For example, the walkdown should consider barriers, doors, off-site power lines,
tanks, and other equipment uniquely related to the plant’'s HW response (e.g., Sciaudone et al.,

[7-A-14]; Lovelace et al., [7-A-15]). An_example approach can be seen in the Electric Power Research
Institute (EPRI, [7-A-16]) HW walkdewn guidance document.

SR WHA-AG6 does not require that the screening walkdown meet the walkdown requirements of HLR-
WER-B. Therefore, for optionalwind hazard screening, the PRA team should decide whether or not they
are going to do a complete-walkdown according to the SRs under WFR-B. For example, if a simplified
walkdown is sufficient to support screening but the screening is not successful for all wind hazards, then
the PRA team may neéd, t6 conduct a supplemental walkdown to satisfy the WFR-B SRs.

When determining'the scope and details of the walkdown, it is important that the intent of the walkdown
be considered. The irtent is to identify items that invalidate modeling in the PRA to such an extent that
the model does n6t reasonably represent the as-built, as-operated plant. In keeping with this intent, it is
acceptables/that‘conditions that can be justified as not likely to affect the results (i.e., will not change the
risk profile ot insights) do not need to be validated. As such, and per Inquiry 20-2435

[7-A-17}it is not required that 100% walkdown be performed if adequate justification can be provided
thaf alesser scope will suffice. There are various justifications that could be considered valid, but they
must show (a) that items that could have a significant impact were walked down and (b) that those
items not walked down could not have a significant impact. The following are examples of possible
justifications:

(a) Bounding Risk Impact: If the importance measure of an item is low, such that even if the item were
assumed failed all the time, the PRA results would not meaningfully change.

(b) Adequacy of Documentation: There is a sufficient weight of evidence, through drawings, photos/

videos, analyses, or interviews with knowledgeable plant staff, that the conditions are as assumed in the
PRA.

(c) Impact of Possible Discoveries: Given past experience with the types of deviations typically found
during walkdowns, it is not credible or likely that a deviation would be found that could affect the
conditions assumed in the PRA to the extent required to meaningfully change the results.
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Table 7-A.2.1-3 Commentary to Supporting Requirements for HLR-WHA-B

Index No.
WHA-B

Commentary

WHA-B1

The analyst must define the reference wind parameters for each wind hazard in the HWPRA. Use of the
same reference wind parameters for all wind hazards affecting a site simplifies the PRA and the fragility

analysis.

Tl : . 1 q L +1 £ L 1. Y . o Lo) L 1
TITC PArdiITeteTS TCHUITTU TU UCTIT T U TCTTT T T WITTU TTTC IO UC (T a V CT g I T LTS, U7 SUT TAacT 1Uu61ulcss,

(c) height above ground, and (d) direction. For example, in ASCE 7-16 [7-A-3], the reference wind i$
specified as a 3-sec gust in open terrain at 10-m height above ground. The Canadian Code (NRCE,
[7-A-18]) uses hourly wind speeds, whereas the Australian code (AS/NZS, [7-A-19]) uses a 0.24sec ped
gust, and the British Code (BSI, [7-A-20]), which references the European standard, is based‘on a 10-m
average. It is important that the analyst understand the parameters of the standard reference wind sps
in the country/region in which the site is located so that informed decisions are madérégarding the
PWHA reference wind parameters.

The reference wind generally includes all possible wind directions; that is, the réference wind is not
based on a particular wind direction. However, note that in several recent HWPRAs, directional wind
analysis was used to support wind-generated missile analysis for straightwinds and for wind-driven
rain analysis. In these studies, the analysis of the wind data was perfornied*to produce wind-speed
frequencies by directional octant, and these directional frequencies were tised in the analysis. The resy
in Banik et al. [7-A-21] show that considering wind direction for straight winds can be used to reduce
fragility conservatisms in a detailed modeling approach of building'fragilities.

An important connection between Wind Hazard Analysis and Wind Fragility Analysis is the use of
reference wind as the independent variable for both analyses:This approach, consistent with modern
wind-fragility modeling methods (e.g., ASCE 7-16 [7-A<3], Vickery et al., [7-A-22]; Pinelli et al., [7-A-2
Twisdale et al., [7-A-7]; and Konthesingha et al., [7-A<€24]), requires consideration of the wind effects (4
loads) and associated structural resistances in the fragility analysis.

Note that wind effects and wind-load considerations such as wind-field characteristics, wind-speed
variation with height, site-surface roughness, wind directional variation, topographic speed-ups,
shielding /negative-shielding effects, gust effécts, and missile effects are appropriately included in the|
scope of the Wind Fragility Analysis and«ot in the Wind Hazard Analysis. This approach is consisten|
with national standards and standard wind-engineering practice.
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WHA-B2

Wind data may not always correspond to the analyst-defined reference wind parameters. In this case,
the analyst will need to convert-the wind data to reference wind conditions as part of the Wind Hazar
Analysis.

It is important to understand the details of the historical wind records at a site or meteorology station
Standards have changed over time, and the averaging time, exposure, and height of the anemometer
introduce significant biases into the frequency analysis.

The sample frequéncy and averaging times of the measured wind speed are obtained from the source

providing the wind-speed data. For example, if the wind-speed measurements are not continuous in fme

(e.g., periodic, of hourly), the data likely do not contain the true daily or annual maxima, and it is like
that the wind'hazard frequencies developed from such data will underestimate the true wind hazard

frequencies. Vickery and Twisdale ([7-A-25]) provide an example of this situation by comparing resulf
for a'site’anemometer with only hourly data to nearby airport station data, which includes peak gust

wind*speed measurements (also see the discussion under SR WHA-C1).

All measured wind speeds need to be adjusted to a common averaging time. Gust factor curves such

those given in ASCE 7-16 [7-A-3] can be used to account for small averaging time differences. A usefu
reference for performing the adjustments for height, averaging times, and the effects of upstream terr3
is Masters et al. [7-A-26].

y
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Table 7-A.2.1-3 Commentary to Supporting Requirements for HLR-WHA-B (Cont’d)

Index No.
WHA-B

Commentary

WHA-B3

For sites that are in regions where thunderstorms occur, the use of averaging times for straight wind that
do not correspond to peak gusts can introduce significant underestimation errors in the Wind Hazard
Analysis. In thunderstorm regions, if the available wind data do not include gust wind speeds, obtained

flUlll d CUIL li.il Uous ICLUIb‘l, L‘lﬂ‘l.(l oUUILTS i.} la‘l, CUIL l.lClill A4 ill\.‘l subi. \,‘la‘ta flUlll dids VVi‘l}l Dilllildl \.hula’Lu}uS_y
may need to be considered. The reason for considering other data sources is that averaging times longer
than a few minutes will filter out the effect of thunderstorms and other short duration wind events.

The use of data from similar regions that do record peak gust information would likely enable the
development of appropriate gust factors for the site.

For sites located in regions where thunderstorms are not a significant part of the HW climatolegy, the use
of longer averaging times than peak gust is acceptable for the straight-wind analysis. In thiscase, peak
gust factors derived from extratropical cyclones can be used to convert to peak gust winds, as needed.
Tornado wind speeds are generally assumed to correspond to peak gusts since tornado'intensities and
associated wind speeds are based on observed damage.

WH

A-B4

The HWPRA failure calculations begin with a specified minimum V, wind speed.Wind speeds less than

V, are evaluated as not contributing significantly to SSC failure frequencies in the calculation of the plant’s
CDF and LEREF. Plant challenges resulting from wind speeds lower than Vi dre assumed to be part of
weather patterns that are implicitly included in the internal events PRA. For example, the internal event
PRA uses a LOOP frequency associated with weather phenomena atthe-plant and the electrical supply grid.
The HWPRA is therefore concerned only with HWs > V| that strike‘the plant site. These winds may
sometimes strike the grid away from the plant, but they must strike the plant to be considered within the
scope of an HWPRA. HW events remote from the site are gerlerally considered within the internal-events
loss-of-off-site-power assessment and are included in thejinternal-events PRA model via the LOOP
initiating-event frequency.

Reviews of the plant’s wind-damage experience and‘the SSC design bases are suggested as part of the
determination of V,. The V, wind speed should be low enough to capture the lower tail of fragility
functions of the most vulnerable high-wind targeét list (HWTL) SSCs but not so low as to include winds
that are not risk significant to the most vulnerable SSCs on the HWTL. Similarly, if V, is too high, then
the HWPRA will ignore potentially impostant risk contributions from modest winds. For example,
Kaasalainen et al. [7-A-27], Mironenko and Lovelace [7-A-1], and Kitlan and Mironenko [7-A-28] point
out the dominant contributions of winds in the range of 73-157 mph to the CDF in recent HWPRAs.

A number of recent HWPRAs useda 'V, value of 73 mph, which corresponds to Fujita’s original F1
wind-speed range (Fujita, [7-A<1¥]). Starting at 73 mph may result in the loss of some of the lower tail
contribution to failure of weak'structures, such as a transmission tower (see Twisdale et al., [7-A-29]) or
cladding from a metal-clad'structure, but a tradeoff is warranted in order to avoid having the dominant
risk contribution be frém random failures (vs. HW failures) in the lowest wind-speed interval used in the
HWPRA calculations,In general, wind speeds lower than about 73 mph are assumed to be considered in
the internal-everits;model. Many plants have experienced maximum winds within 60-70 mph, which is
consistent with thie number of plant-operating years and straight wind hazard analysis. Only a few plants
have experienteed winds over 80 mph. Typical design criteria for plant transmission lines and turbine
buildingcladding often result in failure fragilities that are not insignificant for winds less than 100 mph
(e.g.,seeMironenko and Lovelace [7-A-1], Twisdale et al. [7-A-29], Lovelace et al. [7-A-9], Twisdale
[7-£730], Banik et al. [7-A-21]).

Theé selection of V| remains an area where coordination with internal-events PRAs is needed due to the
potential sensitivity of the results to the selection of V.

WH

A-B5

Wind hazard frequency curves are steep, typically characterized by a significant change in exceedance
frequency for relatively small changes in wind speed. This characteristic influences the number and
spacing of the wind-speed intervals needed for accurate calculation of failure frequencies in the HWPRA.

Twisdale et al. [7-2A-29] pIesents results on Now the number of discrete wind-speed intervats i the
computation of SSC failure frequencies impact the plants’ computed CDEF. This paper showed that using
too few intervals, especially for low wind speeds, results in overestimation of the failure frequencies. The
plant CDF was overestimated by about 35% when 5 vs. 10 intervals were used. The paper recommends
at least 10 wind-speed intervals for reasonably accurate failure frequency calculations in HWPRAs.
Kaasalainen et al. [7-A-27] similarly points out that the use of 10 vs. 5 calculation intervals reduced the
plant HW CDF by 50%.
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Table 7-A.2.1-3 Commentary to Supporting Requirements for HLR-WHA-B (Cont’d)

Index No.
WHA-B Commentary

WHA-B6 Recent HWPRAs (Kaasalainen et al. [7-A-27]; Mironenko and Lovelace, [7-A-1]; Kitlan and Mironenko,
[7-A-28]) indicate that the major contributions to CDF and LERF frequently occur at wind speeds less
than about 150 mph.

affected by the highest winds,t;nd sparse network of measurement systems, some of wyhich are

also vulnerable to failure in extreme winds. Notwithstanding the potential limitations of HW-speed
measurements, the following references give some indication of high observations to date: 150 mph fq
downbursts (Fujita, [7-A-31]), about > 200 mph for tropical cyclones (named Camille, Patricia, Allen,
Wilma, etc.), about > 200 mph for extratropical cyclones (Cerveny et al., [7-A-32]), and > 800 mph for
tornadoes with mobile Doppler radar (Wurman et al., [7-A-33]). These observations, coupled with the
exponential relationship between Annual Exceedance Frequency (AEF) and wind speed, frequently miake
attempts to truncate or limit the wind speeds in the site wind hazard model unstcgessful, with little
potential benefit in terms of impact on the computed CDF.

Twisdale et al. [7-A-29] presents failure-frequency integration results for azange of 73-318 mph, with
the last calculation interval covering a range of 260-318 mph. The last rafige was sufficient to capture fhe
upper-tail fragility contributions for all but the strongest SSCs.

=

Table 7-A.2.1-4 Commentary to Supporting Requirements for HLR-WHA-C

Index No.
WHA-C Cemmentary

WHA-C1 Most wind engineers rely on the wind-speed’data archived by the NCDC. The user of the data should|
find information on anemometer height,'anémometer type, averaging times, and exposure (surrounding
terrain) and account for the effects of these in the analysis of the wind-speed data.

Data from multiple stations around, the site are commonly used in straight wind frequency analysis
(ASCE 7-16 [7-A-3]; Vickery and Twisdale, [7-A-25]). Multiple stations within the same regional
climatology provide significantly more data to ensure confident estimation of rare wind speeds, help
to ensure that anomalous oxfpoor-quality data from any one station are not used in the analysis, and
provide a spatial view of thé regional straight-wind frequencies near the site. Twisdale et al. [7-A-34]
notes that five to eight regional NOAA stations have been used for the site analysis in recent HWPRAS$.
Nuclear plants usually have a meteorological tower with archived wind data. The analyst must evalugte
the siting historysand exposure of the anemometer, continuity of records, and type of archived data to
determine if they can be used for wind-speed frequency analysis. Vickery and Twisdale [7-A-25] presgnt
a wind hazard/frequency analysis based on a plant’s archived hourly data, noting that the plant did npt
have archived peak gust data. A comparison of the wind-speed frequencies from the site analysis (baspd
on hotirly data) with the surrounding NOAA stations shows a very significant underestimation of pedk
gustwind-speed AEFs. These differences were judged to be due to the effects of terrain at the plant and
the'se of hourly averages, which effectively removes thunderstorm gusts. In this case, the site data were
rejected and not used in the HWPRA.

For sites in complex terrain, the analysts should also check national wind standards and other
publications to see if the site is in a “special wind” region. In ASCE 7, “special winds” refers to “regiois
in which wind speed anomalies are known to exist, such as winds blowing over mountain ranges,
through gorges, or river valleys.” As an example, the downslope winds near Boulder, Colorado, are a
well-known special wind phenomenon (Durran, [7-A-35]).

WiTd Speeds i these Tegions can De supstantially gher than those indicated on the ASCE 7 Wind-
speed maps. In the US, wind maps in ASCE 7 can generally be used in the determination of special wind
regions. In addition, knowledge of local meteorology conditions and historical storms may also be a part
of assessing the potential for special winds at a site. Information from site anemometers, weather records,
or other historical information may help determine whether special wind conditions are present.
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Table 7-A.2.1-4 Commentary to Supporting Requirements for HLR-WHA-C (Cont’d)

Index No.
WHA-C

Commentary

WHA-C2

Data used in the hazard analysis should be consistent in terms of the same averaging time, height, and
open terrain conditions. Masters et al. [7-A-26] provides a reference for the adjustments for height,
averaging times, and the effects of upstream terrain. Gust factor curves such as those given in ASCE
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for height, terrain, and averaging time can be performeg b? using information given in the tJextbook by
Simiu and Scanlan [7-A-36]. Also, Wieringa ([7-A-37]) and Beljaars [7-A-38] provide methods to adjust
for terrain if information on the gust can be derived from the data. If gust data are not available, thénthe
roughness of the local and upstream terrain can be estimated using aerial imagery and mapping-of the
land-use category to surface roughness using data published in the literature (e.g., Wieringa,'[-A-39]).
The wind-speed data in ASCE 7-16 includes such corrections for all the stations considered-if the wind-
speed map development.
Vickery and Twisdale [7-A-25] demonstrate the importance of understanding the details of the historical
wind records at each meteorology station. As wind measurement instruments and standards change
over time, the averaging time, exposure and height of the anemometer and type'of‘anemometer may
introduce important eras/biases into the wind-speed frequency analysis. Thgsample frequency and
averaging times of the measured wind speed must be obtained from the source providing the wind-
speed data. As noted in SR WHA-B2, if the wind-speed measurements,are periodic, it is likely that the
wind hazard frequencies developed from such data will underestimatejthe true HW hazard, as the data
will not contain the true daily or annual maxima.
For advanced analysis, Engineering Science Data Unit (ESDU) [4A-40] provides a computer code for
assessing the effects of upstream roughness on anemometer/wind speeds. Other computer models are
available that can be used to adjust for terrain. Judgment4s wsually required in the application of the
terrain adjustment factors (e.g., ASCE 7-16).
To the maximum extent practical, the analyst shouldensure that computer programs employed in the
analysis of wind data have the appropriate pedigree by virtue of being benchmarked against actual
phenomena and that they possess adequate validation/verification.

WH

A-C3

A CC-I straight-wind analysis provides for an Information is available in many countries to
extreme value analysis of anemometer station distinguish thunderstorm from nonthunderstorm
data without distinguishing the type of storm straight winds, including but not limited to the US,
that produced the data. When storm-types are Canada, Germany, South Africa, and Australia.
not separated out, the resulting dataare “mixed,” The separation of thunderstorm and
and there will be data from large-scale systems, nonthunderstorm winds and their treatment as
like extratropical storms, as-well as data from statistically independent events was first proposed
severe local storms, like thtiriderstorms. Using by Gomes and Vickery [7-A-47] for developing
mixed data to predict flare; HW-speed events wind hazards in Australia. After this use, the
can introduce considerable unknown bias errors applicability of the method was widely accepted in
and uncertaintie§inrthe resulting wind hazard the US. Twisdale and Vickery [7-A-48] also showed
frequencies (e-g.,.Holmes, [7-A-41]; Lombardo that thunderstorms dominated the extreme winds
et al. [7-A-42])- over most of the inland US. Recent publications
include Letchford and Ghosalkar [7-A-49],
Lombardo et al. [7-A-50], and Lombardo et al. [7-A-
42]. Vickery and Twisdale [7-A-25] summarize the
approach and present discussions and methods for
uncertainty analysis.
Holmes [7-A-41] illustrates how the separation of
thunderstorm from “synoptic” winds and their
recombination produces a combined straight-
wind distribution that captures both the synoptic

winds at less frequent return periods and the
thunderstorm “downbursts” at more frequent
return periods. A downburst is an area of strong,
often damaging winds produced by one or

more convective downdrafts (AMS, [7-A-10]).
Downburst wind speeds of 150 mph have been
measured at an airport and other estimates of
straight-wind gusts up to 179 mph reported (e.g.,
Fujita, [7-A-31], NOAA, [7-A-51]).
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Table 7-A.2.1-4 Commentary to Supporting Requirements for HLR-WHA-C (Cont’d)

Index No.
WHA-C Commentary

WHA-C3 A significant problem associated with CC-I can The separation methodology is the basis for the

(Cont’d) occur when annual extremes for a few decades straight-wind analysis used in the wind-speed
of data are used to produce wind-speed risk for maps in ASCE 7-16 [7-A-3], noting that the ASCE
1ci.u1u PCLiUdD 100 yl. Sil [ S D‘Ll(}lié}ll Wl..llb‘lb lllcll,)b d}DU il lL}L{L‘lC llulliLallC VVil lL‘{D 11Cdl ‘Ll 1 CUd] t.
often dominate a site’s wind hazard frequencies Straight-wind-speed maps based on separation.
out to > 1,000-yr return periods, the use of mixed of thunderstorm and nonthunderstorm winds
data can introduce considerable errors and (without hurricanes) are given in map fornt in
uncertainties. NIST Special Publication 500-303 [7-A%52].

These problems can be reduced with the use The benefits of a separate analysis'are more

of multiple stations of data, including the use accurate estimation of extreme(tsaight winds

of a superstation approach, as was done for and reduced uncertainties resulfing from having

ASCE 7-98 [7-A-43] by Peterka and Shahid, larger data sets. For example} if a station has 30

[7-A-44]). Other methods include the method yrs of reliable data and there is an average of 15

of independent storms (Cook, [7-A-45]) and thunderstorms a yeara-total of 450 wind-speed

the peaks over threshold method (Davison and events can be used in‘the analysis for a single

Smith, [7-A-46]). If the site is in a hurricane- station, whereasan annual extreme value analy$is

prone region, extremes from tropical cyclone would have.only 30 wind speeds (of mixed events).

storms should be removed from the mixed The use of-egherent (not mixed) data sets with

straight-wind data set prior to analysis. many mefe events provides much more confidence
for the important wind-speed AEFs < 1.0E-02.
The states of the art and practice for combining
different wind hazard-type (e.g., thunderstorms
and extratropical cyclone) frequencies on a
per-year time interval are to assume statistical
independence (e.g., Simiu and Scanlan, [7-A-36];
Vickery and Twisdale, [7-A-25]).

WHA-C4 As a point of reference, a commonly used'wind-speed distribution for straight-wind analysis is the
Gumbel or Extreme Value Type I Distribution. For example, ASCE 7-16 [7-A-3] has used Type I for all
editions in the modern era of the Standard.

Some researchers have investigated “tail-limited” distributions (e.g., Simiu and Heckert, [7-A-53]). Taifl-
limited distributions are strongly influenced by a few wind speeds in the tail. A major concern with tajl-
limited distributions in andHW risk assessment is the capping of wind speeds based on a limited data et
that may not include rarébut intense downburst winds that may dominate straight-wind AEFs < 1E-(2.
That is, a 20- or 30-yr data set is unlikely to include rare, small-scale straight-wind phenomena associdted
with, for example,\100-, 500-, 1,000-, and > 5,000-yr return periods. The concern is that wind speeds fo
this range of return periods cannot be accurately estimated by tail-limited distributions based on data
samples that donot include such phenomena. The use of tail-limited distributions has been questionefl
by, for example, Cook and Harris, [7-A-54]; Harris, [7-A-55]). Thus, if the analyst uses a tail-limited
distribation, it is recommended that a supporting basis be developed and documentation provided to|
supporta technical peer review.

WHA-C5 Inthe analysis of straight winds, multiple stations are often used due to the limitations of short-term data
records for any one station. For a nuclear plant site, the analyst must often determine how to combine|
the regional data/analyses to produce the site-specific straight-wind risk. For example, the analyst might
make the case for equal weights in a homogeneous region or might conclude that weights should be
based on the inverse of distance from the plant. A superstation approach could also be considered, as
was used by Peterka and Shahid [7-A-44] in ASCE 7-98 [7-A-43]. ASCE 7-16 [7-A-3] used a smoothing
approach from many individual stations in the updated wind-speed maps.

Dtie to the aforementioned issues on data quality, data colrections, limitations ol short-term records, and
large uncertainties, the use of a single station’s records for a site’s straight-wind model should be avoided
when lacking state-of-the-practice regional analyses/comparisons to provide adequate justification.
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Table 7-A.2.1-4 Commentary to Supporting Requirements for HLR-WHA-C (Cont’d)

Index No.
WHA-C

Commentary

WHA-C6

Comparison of the straight-wind hazard frequencies developed for the Wind Hazard Analysis to data
specified in national wind-loading standards (or to relevant data published in the literature following
publication of the national standard) provides useful perspectives for both the analyst and the peer

ICVICWCILS.

Wind hazard curves used in wind-loading standards (and most of those that appear in the literature) do
not include the effects of propagating epistemic uncertainties. In general, due to the nonlinear natuxe

of error propagation, the inclusion of epistemic uncertainties produces higher mean hazard frequérncies
(NUREG/CR-6372 [7-A-55]; Vickery and Twisdale, [7-A-25]; Twisdale et al., [7-A-29]). As discussed in
[7-A-25], aleatory parametric uncertainties typically include the statistical parameters of the extreme
value distribution. Epistemic uncertainties may include, among others, corrections for anémometer
height, which is based on surface roughness; corrections for surrounding terrain; and eerfections for
averaging time based on measurement systems used in the data record period. Vickéry'and Twisdale
[7-A-25] demonstrate how the combination of regional extremes in a site analysistesult in uncertainty
curves that contain rare extreme straight-wind speeds, whereas, by comparison,-the same data appear as
outliers to single-site fifth and 95th uncertainty curves.

Table 7-A.2.1-5 Commentary to Supporting Requirements for HLR-WHA-D

-~

dex No.
NHA-D

Commentary

WH

A-D1

In recent HWPRAs, two methods have been applied. for the tropical cyclone wind-speed frequency
analysis:

(a) gxisting Study. Examples of tropical cyclone publications that provide sufficient information to derive
a hazard curve include Vickery et al. [7-A-57]5¢oupled with NUREG/CR-7005 [7-A-4], ASCE 7-10
[7-A-13], or ASCE 7-16 [7-A-3]. It is important to note that the latter two examples contain both tropical
cyclone and non-tropical cyclone data ¢ombined as statistically independent processes.

(b) Model Calculations. Tropical cyclone*wind hazard curves cannot be developed by using historical
wind-speed data. A tropical cyclonesimulation model is the preferred method for developing the
wind-speed frequencies. For useiin an HW PWHA, the model should have been published and should
represent the current state of\the art. Each model component should be individually validated. Such
model components include, but are not limited to, the wind field model; statistical models for storm size,
central pressure, frequency, landfall location, translation speed, heading, and Parameter B, described by
Holland [7-A-58]; or@ther parameters that control the relationship between central pressure and wind
speed. Examples-of.model validation are given in Vickery et al. ([7-A-59], [7-A-60]) and James and Mason
[7-A-61]. A discussion of hurricane hazard modeling is also contained in Vickery et al. [7-A-57].

WH

A-D2

The data sgtigces listed in SR WHA-D1 commentary provide several sources that can be used to compare
results ffom model calculations performed under SR WHA-D1.

There.arealeatory and epistemic uncertainties in each component of a tropical cyclone model. For the
model-calculation approach, the uncertainties in the data and in each submodel should be propagated
through the hazard model.

Regarding data sources, it is important to note that the period of record of quality tropical cyclone

data varies from basin to basin and with the type of data. For example, along the US coastline, there is

an almost complete set of landfall central pressure, heading, translation speed, landfall location, and
frequency data extending back to about 1900, whereas quality data pertaining to storm size are limited to

the 1940¢ and later Maxdmum-wind speeds civenin the historical databases are estimated sralues rather
r O

than measurements.

286

Copyright © 2022 by the American Society of Mechanical Engineers.
No reproduction may be made of this material without written consent of ASME. %



https://asmenormdoc.com/api2/?name=ASME ANS RA-S-1.1 2022.pdf

ASME/ANS RA-S-1.1-2022

Table 7-A.2.1 6 Commentary to Supporting Requirements for HLR- WHA-E

Index No.
WHA-E

Commentary

WHA-E1

This commentary highlights a few key points in tornado hazard analysis and indicates that the state of

the practice continues to improve at the time of this Standard.
The tornado is a unique wind hazard containing the highest wind speeds in nature, varying widely

T SIZT dITU ITTICT lDll.)/, ditu lcliblllll 16 DFC\,lﬂllLCu UdidaibdstTs UIdt UStT blCllllCléC UUOSTI VAUUILLS 1TUL TOUIITAtiUlhy
of intensity. These characteristics make for a complicated analysis in order to produce tornado wind;
speed frequencies that include aleatory and epistemic uncertainties. There has also been a burgeoning
amount of new information and data over the past decade, and that trend is expected to continue. The
following commentary attempts to highlight some of these recent developments, which suggest potery
underestimation of tornado wind-speed risk in existing hazard standards, such as ANSI/*ANS-2.3-201
(R2021) [7-A-62], NUREG/CR-4461 [7-A-63], and FEMA [7-A-64]. Consequently, untiCupdated maps
produced, a tornado analysis may require analysis that extends beyond readily available resources.
Recent publications reinforce long-recognized tornado data issues and indicate@mnuimber of concerns
in tornado risk estimation that were not considered in the above-referenced mational tornado map
products, including underestimation of risk due to unreported events in thexmodern era (Elsner et al.,
A-65]; Skow and Cogil, [7-A-66]), low-biased wind speeds in the EF scal&(Twisdale, [7-A-67]), potenti
underestimated EF ratings vs. Doppler radar measurements (Wurmafi-and Kosiba, [7-A-68]), path-len
intensity variation data (Faletra et al., [7-A-69]), uncertainties in damage-based tornado ratings (Edwa
et al., [7-A-70]), and significant biases/errors in the evolution ofthe*US national tornado databases
(Verbout et al., [7-A-71]; Faletra et al., [7-A-73]). The resources mientioned above, and many others
provide insights for model-based calculations of tornado hazard risk.

With regard to new research and information sources, it’is important to note that significant efforts arg
underway to develop ASCE standards for tornado wind-speed estimation (LaDue, [7-A-72]), tornado
hazard maps (Phan et al., [7-A-5]), and tornado design‘standards for structural design (NIST SCSTAR
[7-A-74]). These efforts are expected to improve gonsiderably on the current vintage of tornado wind-
speed risk maps and provide a significant new<resource for HWPRAs.

tial

[7-
h1

pth
rds

&L

WHA-E2

As discussed in SR WHA-EI, there is significant and growing literature on tornado hazard modeling
regarding the technical requirements in\SR' WHA-E2. The references listed under SR WHA-E1 providg
good primer for reviewing the important issues and variables influencing the analysis of tornado win
frequencies. A major consideration\isthat the EF-scale wind speeds may underrepresent tornado wing
and are undergoing critical analysis for use in ASCE tornado wind-speed map estimation (LaDue,
[7-A-73]). With the many data limitations and assumptions required in tornado hazard analysis,
epistemic uncertainties aredn important part of tornado hazard modeling and analysis.

a

B

WHA-E3

No commentary provided.

WHA-E4

The effects of targét size in tornado hazard analysis have been documented in the literature since the
1970s (e.g., Garsen et al., [7-A-75]; Wen and Chu, [7-A-76]; and Twisdale et al., [7-A-77]). As the target
becomes larger(e.g., a tornado striking any SSC at a nuclear plant), the chance of a tornado striking th
target ingrease. This well-established effect creates a unique linkage between the tornado hazard curv
development and its use in the fragility analysis.

Twisdale et al. [7-A-7] illustrates typical tornado hazard curves for a point target (e.g., small building)
andhan example nuclear plant target used in wind-generated missile analysis. The ratios between thes
urves typically range from about 2 to 3 at low wind speeds to factors of 10 or more at HW speeds.

kize
e

b

4%

WHA-E5

Due to the aforementioned complexities of the tornado databases and wind-speed estimation, the ana|
should carefully evaluate the potential limitations of past standards with respect to publications in an
tornado hazard comparisons.

yst
y
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Table 7-A.2.1-7 Commentary to Supporting Requirements for HLR- WHA-F

Index No.
WHA-F Commentary
WHA-F1 Examples of aleatory and epistemic uncertainties and references are given in the discussion for the
respective wind hazards.
WHA-EF2 Examples of fractile and mean hazard curves for tornados are provided in Twisdale et al. [7-A-7] and
Twisdale [7-A-67]. Examples of the fifth, 95th, and derived mean for straight winds and hurricanes are
given in Vickery and Twisdale [7-A-25].
WHA-F3 No commentary provided.
Table 7-A.2.1-8 Commentary to Supporting Requirements for HLR- WHA-G
Index No.
WHA-G Commentary
WHA-G1 No commentary provided.
WHA-G2 No commentary provided.

7-A.2.2 COMMENTARY TO WIND FRAGILITY
ANALYSIS (WFR)

e Wind Fragility Analysis requires a systematic
uation of the effects of wind on SSCs. The inde-
dent fragility variable is the reference wind speed
ned in the Wind Hazard Analysis. If the réference
d-speed parameters are different for different wind
ard types, the fragility analysis must also represent
distinction.
he Wind Fragility Analysis identifies four wind
cts: (1) wind pressure and ARC) (b) wind-generated
siles, (c) structural interactiens, and (d) wind-driven
. Wind pressure and APQ effects are two separate
cts that have been combined for purposes of this
ndard, as both majraffect the net pressure loads on
bSC. An analyst'may choose to develop separate fra-
ies for wind(pyessure and APC effects and indicate
U they are'combined. Wind-driven rain includes the
cts of raiw that may accompany HW events. HW
hts can. produce failure of building envelopes (wall
|ding; roof cover/deck, and openings) that provide
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event can produce local internal or external flooding,
that effect is considered a correlated hazard.

Wind fragilities may be hazard dependent. Hazard
dependence means that the fragility is dependent on
the characteristics of the particular HW hazard type;
that is, the SSC’s fragility values for different wind haz-
ards may not be the same for each wind-speed value.
For example, recent work suggests that wind-generated
missile fragilities may be different for tropical cyclones
(hurricanes) than for tornadoes of the same or similar
wind speeds (NUREG/CR-7004, [7-A-78]; Twisdale,
[7-A-67]). The analyst must assess the potential for fra-
gilities being dependent on the wind hazard type and
develop fragilities accordingly.

Wind Fragility Analysis methods follow the national
standards, where appropriate, and use much of the
same terminology. New work in HWPRA fragility anal-
ysis has been completed in the past few years, and this
information is referenced where appropriate.

The analyst should not interpret the commentary
on Wind Fragility Analysis as limiting flexibility in the

pa‘f Wdys 10T Tt 1O CIICT (1116 SUIUCturce dIlL‘l Iildt oiay
result in failure of electrical equipment vulnerable to
vertical and horizontal rain and associated drips and
sprays. “Wind-driven rain” in Part 7 does not include

local flooding from an HW event. If the rain in an HW
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of expert and engineering judgment. A broad range
of methods and judgment is required to analyze wind
effects and develop fragilities for the dominant failure
modes.
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Table 7-A.2.2-1 Commentary to High Level Requirements for Wind Fragility Analysis (WFR)

Designator Commentary

HLR-WEFR-A No commentary provided.

HLR-WEFR-B No commentary provided.

HLR-WEFR-C No commentary provided.

HLR-WFR-D No commentary provided.

HLR-WEFR-E No commentary provided.

HLR-WER-F No commentary provided.

HLR-WEFR-G No commentary provided.

HLR-WFR-H No commentary provided.

HLR-WEFR-I No commentary provided.

Table 7-A.2.2-2 Commentary to Supporting Requirements for HLR-WFR-A
Index No.
WEFR-A Commentary

WEFR-A1 No commentary provided.

WFR-A2 No commentary provided.

WEFR-A3 No commentary provided.

WEFR-A4 SSCs can fail under different wind effects, Awind effect, such as wind pressure or APC, can result in
multiple failure modes, such as overturning, shear, bending, tension, uplift, and so on. The analyst
should identify the dominant effects and failures modes for each SSC, considering the potential for both
simultaneous-in-time effects and separated-in-time effects.

Wind pressure loading effects are often considered with respect to the main wind force resisting systefn
and components and cladding;see ASCE 7-16 [7-A-3]. Missile impact effects are often considered with
respect to local effects (e.g, penetration, perforation, spall) and overall effects (crimping, bending, shepr,
and other structural opsupport failures).

A common way to communicate these considerations is through a master list table that enumerates al
failure modes for each SSC.

WEFR-A5 Wind Fragilityl Analysis is complicated by the presence of multiple wind effects and the potential for

multiple failure modes for each wind effect. In general, aggregations of effects and failure modes are
essential(injg PWFA. A systematic mapping of the wind effects, potential failure modes, and structura
intera¢tion to each SSC provides a reasonable approach to help organize the analysis, the aggregation
and\the rationale.

For\wind pressure fragilities, a code-based approach (Kennedy and Ravindra, [7-A-79]; Twisdale,
[7=A-30]) can be used to simplify the assessment of failure modes for complex structures by using load
and resistance factors.
As discussed by Lovelace et al. [7-A-9], area/volumetric modeling can be an effective method to handfle
the complexities associated with numerous equipment items within an area or room. This approach i
similar to the “rule of the box” approach in seismic studies (Lovelace et al., [7-A-15]).
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Table 7-A.2.2-2 Commentary to Supporting Requirements for HLR-WFR-A (Cont’d)

Index No.
WFR-A

Commentary

WEFR-A6

Using the same fragilities for different wind hazards depends on the similarities, or lack thereof, of the
characteristics of the wind hazard. Tornadic winds are generally viewed as significantly different from
nontornadic winds. For example, tornado winds include a vertical wind component and APC load

Cf{c\.ib. T} < luia‘l,iUl lCl} \A4 11 lb‘l \.UllllJUl lCll‘l. ill d i.UlllClb‘lU ib Ufi.cll Ull d DLG}C i.} la‘l, ib Dillli}al .lU ‘l}lC buﬁdiug
length or width dimension, producing HWs from multiple directions in the same event. The tornado
wind-generated missile risk has different characteristics than straight or hurricane wind missiles.
Therefore, recent HWPRAs have evolved to use separate fragilities for tornadic and nontornadic winds
(Twisdale, [7-A-67]).

An important simplification for nontornadic fragilities results from similarities in gust factorssand
velocity profiles. For example, Vickery et al. [7-A-22] showed that the gust factors and veloeity profiles
in hurricanes can be treated with the standard factors used for extratropical storms, which provide

the current basis for the pressure loads in ASCE 7-16 [7-A-3]. While there are importantidifferences in
thunderstorm wind characteristics (Twisdale and Vickery, [7-A-48]), there are insufficient data on which
to develop separate thunderstorm wind load effects to warrant separate fragilities-for these short-
duration hazards. Recent HWPRAs have simplified the calculations to

(a) tornadic fragilities specifically for the tornado hazard

(b) nontornadic fragilities for straight winds and hurricanes

Regarding wind-driven rain fragilities, several recent HWPRAs havé-shown that the rain probability and
intensity are hazard dependent; for example, there is a much highertisk of intense rain during tropical
cyclone events than during thunderstorms or tornadoes.

WF

R-A7

The goal of this SR is to identify and evaluate potentially significant correlations for wind effects and
failure modes. This requirement is listed under HLR-WFR-A to avoid repetition under each wind-effect
SR in HLR-WFR-D, HLR-WFR-E, HLR-WFR-F, and BLR"WEFR-G.

The potential wind-effect and failure-mode correlations are large in number, are difficult to judge, and
could require complicated 3-D physical models to estimate accurately. The degree of correlation is likely
to be dependent on the wind-speed interval. The'degree of failure-mode correlation at low wind speeds
will likely be different from the correlation at HW speeds. Correlation of failures across SCCs within the
same wind event and wind-speed interval'may also vary significantly from one SSC to another. SSCs

that are separated physically, that are notin the same structure, and that have opposite wind-direction
vulnerabilities may have negatively-eorrelated failures. Structural interactions from failures of a building
frame, tower, and so forth may produce positive correlations across SSCs within or near these structures.
A piping system could fail by missile perforation or crimping of the pipe, and these failure modes may be
independent or positively or negatively correlated, based on the wind-speed interval.

A discussion of wind-fragility correlations and the development of simple correlation bounds following
structural reliability concepts are given in Twisdale, Lovelace, and Slep [7-A-29]. It is important to note
that the simple bounids in this paper are based on percentage differences (and not ratios) with respect to
a baseline assumption of statistical independence. Tighter bounds on SSC failure-mode correlation can be
obtained throughmore detailed approaches (e.g., see Ditlevsen, [7-A-80]).

WE

R-A7

In summaty, due to (2) the complexity of wind-fragility correlation analysis; (b) the lack of published
researchydata in this area; and (c) the potential for large numbers of impacted SSCs in an HWPRA,
engineering judgment coupled with the use of bounding correlation assumptions and sensitivity analyses
may.be useful for evaluating important fragility-related correlations. In recent HWPRAs, SSCs that are
in-elose proximity or exposed to structural interactions have been viewed as important correlations that
require consideration. For example, extremely close SSCs may be vulnerable to damage from a single
large missile through simultaneous impact or missile ricochet.

WEF

R-A8

For wind-induced coexistent hazards, such as storm surge, it is important to address the impacts.
ADDRESS does not imply the need for quantitative analyses
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Table 7-A.2.2-3 Commentary to Supporting Requirements for HLR-WFR-B

Index No.

WER-B

Commentary

WER-B1

See Sciaudone et al. [7-A-14] and Lovelace et al. [7-A-15] for walkdown insights and guidance for
HWPRAs. Also see EPRI [7-A-16] for additional guidance and as a comprehensive general resource
[mcludmg example photographs from HW walkdowns conducted at operating nuclear power plants

AIRR]
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When determining the scope and details of the walkdown, it is important that the intent of the
walkdown be considered. The intent is to identify items that invalidate modeling in the PRA tosuch an
extent that the model does not reasonably represent the as-built, as-operated plant. In keeping with thiis
intent, it is acceptable that conditions that can be justified as not likely to affect the results (ie., will nof
change the risk profile or insights) do not need to be validated. As such, and per Inquiry'202435 [7-A{17],
it is not required that 100% walkdown be performed if adequate justification can be preyided that a lefser
scope will suffice. Various justifications could be considered valid, but they must show that (a) items that
could have a significant impact were walked down and (b) those items not walked 'down could not have
a significant impact. The following are examples of possible justifications:

(a) Bounding Risk Impact. If the importance measure of an item is low, such.that even if the item were
assumed failed all the time, the PRA results would not meaningfully chdnge.

(b) Adequacy of Documentation. There is a sufficient weight of evideneg, through drawings, photos/
videos, analyses, or interviews with knowledgeable plant staff, that the conditions are as assumed in
the PRA.

(c) Impact of Possible Discoveries. Given past experience with, the'types of deviations typically found
during walkdownes, it is not credible or likely that a deviatietnwould be found that could affect the
conditions assumed in the PRA to the extent required t¢'meaningfully change the results.

WEFR-B2

See Sciaudone et al. [7-A-14] and Lovelace et al. [7-A;15] for walkdown insights and guidance for
HWPRAs. Also see EPRI [7-A-16] for additional guidance and as a comprehensive general resource
(including example photographs from HW walkdewns conducted at operating NPPs) for conducting
HW walkdowns.

When determining the scope and details ef+thte walkdown, it is important that the intent of the
walkdown be considered. The intent is to‘identify items that invalidate modeling in the PRA to such an
extent that the model does not reasonably represent the as-built, as-operated plant. In keeping with thfis
intent, it is acceptable that conditionsthat can be justified as not likely to affect the results (i.e., will nof
change the risk profile or insights) do not need to be validated. As such, and per Inquiry 20-2435 [7-A{17],
it is not required that 100%_ walkdown be performed if adequate justification can be provided that a lepser
scope will suffice. Variousgustifications could be considered valid, but they must show that (a) items that
could have a significant impact were walked down and (b) those items not walked down could not have
a significant impact. The'following are examples of possible justifications:

(a) Bounding RiskTpact: If the importance measure of an item is low, such that even if the item were
assumed failedall the time, the PRA results would not meaningfully change.

(b) Adequacy of Documentation: There is a sufficient weight of evidence, through drawings, photos/
videos, analySes, or interviews with knowledgeable plant staff, that the conditions are as assumed in
the PRA:

(c) dmpuct of Possible Discoveries: Given past experience with the types of deviations typically found
duting walkdowns, it is not credible or likely that a deviation would be found that could affect the
conditions assumed in the PRA to the extent required to meaningfully change the results.

WEFR-B3

When determining the scope and details of the walkdown, it is important that the intent of the
walkdown be considered. The intent is to identify items that invalidate modeling in the PRA to such an
extent that the model does not reasonably represent the as-built, as-operated plant. In keeping with thfis
intent, it is acceptable that conditions that can be justified as not likely to affect the results (i.e., will nof
change the risk profile or insights) do not need to be validated. As such, and per Inquiry 20-2435 [7-A{17],

TS TIOT Tequired that 1007 walkadOwn be pertormed it adequate justilication can be provided that a fesser
scope will suffice. Various justifications could be considered valid, but they must show that (a) items that
could have a significant impact were walked down and (b) those items not walked down could not have
a significant impact. The following are examples of possible justifications:
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Table 7-A.2.2-3 Commentary to Supporting Requirements for HLR-WFR-B (Cont’d)

Index No.

WEFR-B

Commentary

WEFR-B3
(Cont’d)

(a) Bounding Risk Impact: If the importance measure of an item is low, such that even if the item were
assumed failed all the time, the PRA results would not meaningfully change.
(b) Adequacy of Documentation: There is a sufficient weight of evidence, through drawings, photos/

videos; amatyses,; or imterviews withrknowtedgeabte ptantstaff; that thecornditions areasassurmed i the
PRA.

(c) Impact of Possible Discoveries: Given past experience with the types of deviations typically found
during walkdowns, it is not credible or likely that a deviation would be found that could affect the
conditions assumed in the PRA to the extent required to meaningfully change the results.

WEFR-B4

See Lovelace et al. [7-A-15], Sciaudone et al. [7-A-14], and EPRI ([7-A-81], [7-A-82]) for missile-source
modeling discussions and missile walkdown guidance.

It is important to note that wind-generated missiles from failed structures are a major,setirce of missiles
in HWPRAs. Cladding and roof-deck failures are important sources of missiles. Roofballast, such as
concrete pavers, and gravel may be significant because these potential missiles eatistart at high elevation,
such as the roof and walls of a turbine building. Twisdale [7-A-67] noted that.the humber of missiles
developed through recent plant surveys included > 150,000, of which > 50% Were from failed building
sources. Metal cladding missiles have been identified as a major source of¢isk at several plants.

WER-B5

No commentary provided.

WEFR-B6

The plant operating conditions at the time of the missile survey are‘important. Outages generally result
in a significant number of additional missile sources, including'trailers, close to many SSCs (Sciaudone et
al. [7-A-14]). A modeling approach to account for plant operating conditions is illustrated by Twisdale [7-
A-67]. The build-up of materials prior to the outage, theputage duration, and the postoutage cleanup can
amount to a notable fraction of time from one outage:to another, particularly for multiple-unit plants.

Table 7-A.2.2-4 Commentary to Supporting Requirements for HLR-WFR-C

Ifdex No.

WER-C

Commentary

WER-C1

Screening for wind pressuye effects could include, for example, seismic Category I structures that were
designed for 360-mph tornado winds and APC effects. The justification could be based on a code-based
analysis with load and\esistance factors.

Another example ofWwind pressure screening is a simplified overturning analysis of a tank or large
piece of detached external equipment. The analyst might use bounding, conservative assumptions on
overturning lead,and weight to estimate a conservative, overturning wind speed. This type of screening
would eliminate the need for more detailed fragility modeling for overturning failures.

As part ofithe screening process, it is important to evaluate doors, vents, and other components for their
design basis and/or whether failure of these components would affect interior, safety-related SSCs.
AnHAW plant-design basis may not always suffice for screening. For example, a concrete roof slab

af 3 seismic Category I structure may be only 8 in. thick and vulnerable to missile-induced spall or
perforation. EPRT NP-2005 [7-A-82] includes information on missile perforation and spall of reinforced
concrete that may be useful for screening.

In addition, a plant’s missile design basis may be insufficient for screening for missile effects. For
example, a plant may have a wood beam and an automobile missile as the “design basis” missiles, with
the automobile missile trajectory height limited to 30 ft. Such missile design bases do not eliminate risk

from the steel cladding, purlins, girts, pipes, and other structural objects that may become missiles at a
plant and impact SSCs at all elevations.

HW screening of SSCs results in assigning a fragility of 0 to those SSCs not susceptible to HWs. The
SSC, such as a pump or motor, can still fail from random failures; therefore, it should not necessarily be
excluded from the HWPRA, even if it is screened out from HW failures.
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Table 7-A.2.2-4 Commentary to Supporting Requirements for HLR-WFR-C (Cont’d)

Index No.
WER-C Commentary

WEFR-C2 SSCs that are screened out for missiles should not have significant risk vulnerabilities from missiles
passing through doors, louvers, vents, or other openings. There is little guidance to determine significant
missile risk vulnerabilities. “Line of sight from the openmg to the SSC is an approach that has been used

\A4 llllll L Lllc llluubll y 1 1U \AASAAS 9 Plﬂl ll W au\uu WILS llCl \AS CllbU UriCouv CLCU DlLuﬂLlUl S VVIICLC Ll ICIT lllCly I lUl.
have been a line-of-sight vulnerability but where a missile ricocheting from a nearby concrete surface
was redirected toward and into the SSC (e.g., Sciaudone et al. [7-A-14]; Twisdale et al. [7-A-29]; Twisdf
[7-A-67]). Also, if a wind-generated missile enters a building at a high elevation and then falls throug}
the building, ricocheting along the way, a horizontal line-of-sight assessment would not be‘an acceptaple
screening approach.

ey

e

WFR-C3 No commentary provided.

WEFR-C4 SSCs that are qualified for outdoor environments and associated rain depositiorf and wind-driven raiz
should qualify for screening out.

Table 7-A.2.2-5 Commentary to Supporting Requirements.for HLR-WFR-D

Index No.
WER-D Commentary

WEFR-D1 In the US, ASCE 7-16 [7-A-3] is an acceptable national wifid standard for wind pressure loading for
nontornadic winds.

In modeling wind pressure load effects, an impozxtanit consideration is the role of internal pressures,
which are considered with respect to an open, enclosed, or partially enclosed building (ASCE 7-16).
In wind storms, buildings may fail progressively (cladding, doors vents, roof elements, etc.), and the
enclosure state may change from enclosedt0-partially enclosed to open. The enclosure state affects the
internal pressures and net loads on the building. The role of progressive failure is well documented infthe
literature (e.g., NOAA, [7-A-83]; Vickety et al. [7-A-22]; Twisdale [7-A-30]; and Banik et al. [7-A-21]).

WER-D2 Tornadoes are capable of producing significant APC loads (e.g., Simiu and Scanlon, [7-A-36]; Roueche]
[7-A-84]). The effects of APC leads are related to the background building leakage, envelope failures,
the size of the tornado radius of maximum winds relative to the building, horizontal wind speed,
translational speed, and.ather factors. Due to the limitations of the state of the art in modeling APC,
simplified approaches(with considerations of epistemic uncertainties may be appropriate.

WEFR-D3 In the code-based ‘approach (Kennedy and Ravindra, [7-A-79]) that is often used for wind pressure
fragility analysis, factors are developed based on load and resistance information. Twisdale et al. [7-A}7]
and Twisdale [7<A-30] discuss an enhanced code-based approach for wind pressure fragility analysis for
structures-and building envelopes.

Regarding-the use of a code-based approach, it is important to note that the loads and resistances
referenieed in earlier code eras may be significantly different from those employed today. For example
if a\building was designed in the 1960s or 1970s, the pressure coefficients and reference wind are not
the same as those used in modern code. The analyst should identify and correct for the important
differences in the fragility analysis. Again, in the past, certain standards used fastest-mile wind speed$.
Other standards simply allowed for a one-third stress increase to account for wind loads; this increase]is
no longer permitted. Pressure coefficients on components and cladding have increased in recent codeg,
representing improved wind tunnel data. These code differences can be important in an analysis of
wind pressure fragilities for SSCs built prior to the most recent editions of the national building loadirg
standard code.

WEFR-D4 The analyst must determine if an SSC is a rigid or flexible (e.g., a chimney or tall building) structure. If
the structure is flexible, the dynamic response characteristics should be included in the fragility analysis.
For reference, ASCE 7-10 [7-A-13] defines a rigid structure as one with a fundamental frequency > 1 Hz.

WER-D5 A procedure for topographically induced wind speed-up effects is provided in ASCE 7-10 [7-A-13],
including background references. It is important to note that Section 26.8 in ASCE 7-16 [7-A-3] does not
address the general case of “wind flow over a hilly or complex terrain for which engineering experience,
expert advice, or wind tunnel procedure may be required.”
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Table 7-A.2.2-5 Commentary to Supporting Requirements for HLR-WFR-D (Cont’d)

Index No.
WEFR-D

Commentary

WFR-D6

Code pressure coefficients in standards such as ASCE 7-10 [7-A-13] are based on isolated building
wind tunnel tests. The effects that groups of buildings can produce on each other result in “shielding or
negative shielding” effects on an individual structure. Shielding and negative shielding are also referred

.lU asS “Dl lC} ILCI il 15” dl lL‘l “1 lc&a Il.iV < D} lC} ILCI il 15” \CUU}\ [7'A'85]} dl lb‘l adsS DI lic}b‘lil 16 dl lll “L} daltr lclil lé.” Oi.} ICIS,
such as Ho et al. [7-A-86], refer to these same effects as “variability of wind loads due to obstructions of
surrounding buildings.”

Shielding effects are well recognized in wind engineering and provide the rationale for wind tunriel
testing of tall buildings and bridges throughout the world. As implied, the effects of shielding and
negative shielding can either reduce or increase the loads on a structure. Based on wind direction, it is
possible to increase the loads without a clear channeling setup of the surrounding buildirigs; This SR
directs that the analyst assess the potential for shielding and negative shielding in the wirid pressure
fragility analysis. One possible way to do it is through the use of statistical factors bdsed on wind tunnel
tests that introduce variability in the loads (Ho et al., [7-A-86]). The data can allow for a statistical
treatment of both shielding and negative shielding (channeling of winds between obstructions that can
produce speed-ups).

In summary, the nature of nuclear plant sites, typically with groups of buildings located near the center of
the site, will likely result in shielding and negative shielding effects. WitheotGt a wind tunnel test, the state
of the practice is to apply factors/engineering judgment to account forthese effects.

Table 7-A.2.2-6 Commentary to Supporting Requirements for HLR-WFR-E

|

dex No.
WFR-E

Commnientary

WEF

R-E1

It is important that site-specific hazard models and data be used in the development of wind-generated
missile fragilities. It should be noted that site-specific information may need to utilize representative
nearby information to justify the site-spécific hazard models. Missile fragilities are based on missile
impact and damage assessments. Missile fragilities therefore include the probability of one or more
missiles impacting the SSC as welkas’the probability of damage to the SSC. Both missile-impact
probability and damage given an-impact are dependent on the missile type. Lightweight missiles may
have a much higher impact probability than heavy missiles. However, lightweight missiles may not be
able to damage certain rugged SSCs. Thus, it is important to develop missile fragilities in a manner that
recognizes the missilestype dependence in the fragility analysis of the SSC.

Important hazard characteristics include the velocity profile of the horizontal winds, storm width,
storm direction, rotational velocity components, radius of maximum winds, and vertical winds. These
hazard charactetistics are different for tornadic and nontornadic wind hazards. Recent HWPRAs have
analyzed missile risk for two major classes of wind hazard: tornadic and nontornadic (Twisdale [7-A-67]).
Nontornadicwinds include straight winds and tropical cyclones.

The wind hazard strike definition should include a broad area around the SSCs, as missiles can be
generated and transported significant distances (see commentary for SR WER-E6, below). EPRI ([7-A-
84,97-A-82]) and Sciaudone et al. [7-A-14] illustrate missile-generation areas for plants. Twisdale et al.
[7-A-7] illustrates the difference in tornado hazard curves for a small building at a site versus broader
plantwide strikes for missile analysis. It is important to note that the tornado hazard data in NUREG/
CR-4461 [7-A-63] are for individual buildings and not sitewide missile analysis.
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Table 7-A.2.2-6 Commentary to Supporting Requirements for HLR-WFR-E (Cont’d)

Index No.
WFR-E

Commentary

WEFR-E2

Wind hazard characteristics are important in wind-generated missile fragilities.
NUREG/CR-7004 [7-A-77] conclude that average missile speeds are considerably higher in hurricanes
than tornadoes. Twisdale [7-A-67] also indicated significant differences in straight wind vs tornadic

Lllibbi}c \A4 il l\.,‘l flaéi}ii.icb, VVii.}l B.llcliéll‘l, \A4 11 lb‘lb lJlUb‘luLillS 1[151 ICI fldsi}ii.icb ill Cl‘LlULli. 70"0 Uf ILIIC SSCD. T} g
ratio differences between the two, on a target-by-target basis, exceeded factors of 10 for some SSCs!
Straight winds cover a larger area and produce more missiles, on average, per event. Tornado winds dan
produce missiles that can reach high elevations, travel extreme distances, and achieve high vélocities.
Partial wind directional shielding of an SSC may not reduce the impact of tornado missiles’but could
have an impact for nontornadic wind missiles.

Consequently, although straight winds and tropical cyclone winds cover larger areas(of;the site than
tornadoes, the results to date suggest that there is no single wind hazard that can be tised conservatively
to produce wind-generated missile fragilities for all wind hazards. In recent HWPRAs, the analysts
have developed separate missile fragilities for tornadic and nontornadic hazards*(Twisdale [7-A-67]).
Nontornadic hazards may include both tropical cyclones and straight winds:

In summary, given published results detailing missile fragility dependence’on wind hazard, this SR
requires justification in order to substitute missile parameters derived from one wind hazard, say
tornadoes, for those from another wind hazard, such as tropical cyclortes.

WEFR-E3

There are many distinct missile types at a nuclear plant site. For.example, see EPRI ([7-A-81], [7-A-82])
regarding the need for a broad spectrum of missiles for probabilistic risk analysis of missile effects. Redent
papers (Sciaudone et al. [7-A-14], [7-A-87]; Banik et al. [7;AL21]; Twisdale [7-A-67]; and Navarro-Northfup
et al. [7-A-88]) emphasize the important role of structureéSource missiles, such as metal cladding.

WEFR-E4

Structure-source missiles may be one of the most important missile sources at a plant. Roof materials gnd
cladding are elevated above the ground surface,;are exposed to higher wind speeds, and have further
to fall to reach ground level when transported<han missiles that originate near the ground. Progressiy
failure of the building envelope (Twisdale etal. [7-A-29]; Banik et al. [7-A-21]) provides a ready sourcq of
elevated missiles that can transport significant distances at high speeds.
Current analyses that consider structure-source missiles indicate that metal roof and wall cladding anfl
associated purlins and girts, and ocdasionally roof pavers, can provide significant sources of missile ripk
at nuclear plants.

[¢)

WEFR-E5

The purpose of this SR is to provide justification for the missile-source distance used in the missile
fragility analysis.

Based on sensitivity amalyses, an exclusion distance of 2000 to 2500 ft. to cover the area of risk significgnce
for tornado missiles was'suggested in EPRI NP-768 [7-A-81]. A number of recent HWPRAs have used|a
2500-ft. exclusion distance from the nearest SSC for sites characterized by small elevation changes. Us¢ of
reduced distancessmay be possible with appropriate analysis and justification.

Sites with significant elevation changes and missile sources at high elevations compared with the plar
may require an enhanced missile-source distance determination.

—

WEFR-E6

“Scalihg’ refers to approaches that attempt to use results for one set of plant-specific targets to estimate
themissile probabilities for other targets with different areas and missile exposures.
There are concerns regarding scaling of missile fragilities for targets of different sizes and exposures. Hor
example, the NRC [7-A-89] expressed concerns regarding improper scaling of area ratios. Sciaudone ef
al. [7-A-87] provides examples where statistical scaling of results produces errors that can exceed factgrs
of 100 or more for individual plant SSCs. When scaling methods are used, large random and epistemi¢
uncertainties may be generated that need to be evaluated to capture the potential for large errors for
individual targets.

Certain models (NEI 17-02, [7-A-90]) in the recent literature use original TORMIS data (EPRI [7-A-81],

[7-A=8Z])for Scating and/ Or validaton. Care 15 nieeded 1 using dated TORMIS Tesults i gt of Reguiatory
Issue Summary 2008-14 [7-A-89] and the fact that the 1978 to 1981 TORMIS examples focused on large
targets that were limited in the number of simulations performed and included only a limited number of
missiles compared with those used in recent HWPRAs (e.g., not accounting for structure-source missile
populations or a full spectrum of missiles in some cases). Recent HWPRAs show that structure-source
missile populations can be significant sources of plant missiles, contributing to missile risk (e.g., Twisdale
[7-A-67]). Sciaudone et al. [7-A-87] provides detailed discussion of several simplified models and produces
comparative statistics. Large aleatory and epistemic uncertainties may be needed for evaluation when
models that rely on scaling approaches are utilized.

295

Copyright © 2022 by the American Society of Mechanical Engineers.
No reproduction may be made of this material without written consent of ASME. (%



https://asmenormdoc.com/api2/?name=ASME ANS RA-S-1.1 2022.pdf

ASME/ANS RA-S-1.1-2022

Table 7-A.2.2-6 Commentary to Supporting Requirements for HLR-WFR-E (Cont’d)

Index No.

WER-E

Commentary

WER-E7

Due to the large number of missiles at most sites and the fact that a single missile may damage an SSC,
a probabilistic missile analysis should ensure that the results capture the potential for any one missile
to produce damage For example if there are 100,000 missiles at a site, 1 missile out of 100,000 is 1.0E-5
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probabilistic results, considering the potentially large number of missile sources. For example, Twisdale-ét
al. [7-A-7] and Twisdale [7-A-67] show tornado missile-analysis results and probabilistic convergenceplots
using a replication approach to quantifying the standard error in the mean fragilities. The NRC [7-A-88]
emphasized the need for convergence in performing missile risk analysis.

WEFR-ES8

Wind-generated missile effects (i.e., impact and
damage) at a plant are highly dependent on

the analysis assumptions and the methodology
components. The analyst should specify the
assumptions and methods for the components
listed under CC-I, which are some of the most
important elements of a missile-effects analysis.
There are many publications on the subject of
wind-generated missiles for tornadoes and other
wind hazards. For example, see Tachikawa [7-A-
91], Lin et al. [7-A-92], Kordi and Kopp [7-A-93],
Crawford [7-A-94], and NEI 17-02

[7-A-90]. Sciaudone et al. [7-A-87] compare missile
impact probabilities for several recently developed
models used in the nuclear industry.

The distinction between CC-II and CC-I missile-
effects analyses includes

(a) consideration of site-specific\shielding
structures

(b) consideration of site-speGific missile ricochet
into SSCs, if appropriate

(c) use of site-specific Wind hazard path size and
path directions

(d) use of missilestype-dependent aerodynamics
(e) use of missile damage methods that depend on
missile type

(f) ensufing that the analysis components capture
the site-specific and risk-significant 3-D features of
the)SSCs and the plant

The additional CC-II requirements include site-
specific hazard and plant geometry components
that may be important in the quantification

of missile effects. CC-II requires that missile-
dependent aerodynamics be used in the trajectory
analysis and that missile impact and damage
effects be missile-type dependent. CC-II ensures
that the analysis method captures the 3-D spatial
features of missile sources, trajectories, shielding
and ricochet, and SSC locations.

Benefits of the CC-II analysis are improved
accuracy and reduced uncertainties in the
missile-effects analysis. For example, if the CC-II
method has validated components, then the use

of validated components may be important in

the epistemic uncertainty modeling. Validation
includes consideration of elements such as the
numbers of missiles from source structures, the
missile-injection model, the trajectory model, and
the damage model. As an illustration of wind-
generated missile validation for missile injection,
trajectory distances, and missile damage modeling,
see EPRI ([7-A-81], [7-A-82]), Twisdale et al. [7-A-
77], and FEMA [7-A-95]. Experimental validation
and sources of model data are also illustrated by
Crawford [7-A-94] Tin et al [7-A-92]  and Kordji

and Kopp [7-A-93].

State-of-the-art missile-fragility tools have
limitations that can significantly overpredict
missile fragilities for equipment deep inside
non-Category I buildings. To account for the
overconservatism, qualitative considerations
could be implemented after performing a full
quantitative missile-fragility analysis.
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Table 7-A.2.2-6 Commentary to Supporting Requirements for HLR-WFR-E (Cont’d)

Index No.
WER-E Commentary

WER-E9 The missile hit/damage criterion must be described for each vulnerable SSC. For example, missile
hit might be used for fragile SSCs or as a conservative criterion for all vulnerable SSCs. Penetration,
perforation, spall, crimping, and other criteria might be used for SSCs with some degree of hardness.
EPRT [7-A-81] [7-A-82] discuss these effects Bachierri et al [7-A-96] and Navarro-Northrup et al [7-A-

88] present detailed results from finite element calculation on nuclear plant SSCs.

WER-E10 Correlated failures of SSCs are an important concern in PRAs. For example, damage to redundant

components in an HW event may be a major contributor to plant risk. It is important to identify’SSCs
that may be subject to correlated missile failures. Close proximity without protection from missiles might
indicate a potential positive correlation to missile damage in the same wind event. Therefore, this SR
requires a description as to how the missile-fragility analysis considers the potential far'multiple SSC
failures from wind-generated missiles and why those failures are not statistically.dépendent. Correlatjon
of missile fragilities may be important in the HWPRA, as many SSCs may be impacted by multiple
missiles generated in a wind event. Twisdale et al. [7-A-29] discuss positive.arid negative missile-fragility
correlations and provide some simple correlation bounds.

WER-E11 The missile populations at a plant vary over the lifetime of the plant.New structures are built;
modifications are made; and materials, additional vehicles, and tempofary structures and offices are
needed for outages. In some cases, significant amounts of materials'may be stored near safety-related
SSCs. Discussions of the importance of treating these missile-population variations can be found in
Sciaudone et al. [7-A-14] and Lovelace et al. [7-A-15].

Table 7-A.2.2-7 Commentary to Supporting Requirements for HLR-WFR-F

Index No.
WER-F Commentary

WEFR-F1 Structural interactions occur when thewind response of an SSC affects the response of other SSCs. Foj
example, the collapse of the roof deak,or roof structure could be assumed to fail all the SSCs located
underneath. Structural interactionsinieed to be considered based on the location of SSCs within structyres
and the potential for a structuré to collapse onto an adjacent structure.
Recent HWPRAs have demenstrated the need for the fragility modeling team to have a clear understanding
of the relationship betweernistructural interaction and wind-generated missile fragilities (a) to avoid
overlooking potential structural interactions and (b) to ensure consistent modeling of both structural
interaction fragilities and missile fragilities. For example, consider the potential failure of metal wall
cladding. If vulnerable SSC “A” is located adjacent to the wall cladding, a potential structural interaction
failure mode may) include damage to SCC A during the time that the cladding is becoming fully detached|
from the striictiiral frame. Dynamic motions of the cladding element, while still partially attached to the wall,
could pr@duce repeated impacts on a nearby, vulnerable SSC. In this case, ignoring the interaction potentipl
would(underestimate the fragility of SSC A. The cladding element may also become fully detached during
the Storm and transport as a missile, which could potentially hit SSC “B,” located some distance away.

WEFR-F2 No commentary provided.

Table 7-A.2.2-8 Commentary to Supporting Requirements for HLR-WFR-G

Inidex No.
WER-G Commentary

WEFR-G1 HWs are often, but not always, accompanied by rain. Wind-driven rain is a potential wind effect that
results when HWs produce damage to the plant and rain occurs during or shortly after the occurrence
of the damaging winds. Wind-driven rain includes rain that has a horizontal velocity component from
wind. This effect is potentially important when electrical equipment vulnerable to water damage is
housed in structures with building envelopes that may fail in HWs. HWs could damage the roof cover,
roof deck, or wall cladding, allowing wind-driven rainwater to enter the building and saturate the
equipment (Twisdale et al. [7-A-29]; Vickery et al. [7-A-8]).
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Table 7-A.2.2-8 Commentary to Supporting Requirements for HLR-WFR-G (Cont’d)

Index No.
WER-G Commentary

WEFR-G1 Within the context of an HWPRA, wind-driven rain considers rainwater deposition onto the equipment
(Cont’d) from vertical and horizontal exposure to rain, drip, and spray. Wind-driven rain does not include local
flooding from intense rain. Flooding from rain or storm surge is considered a correlated hazard and is

& PO I D e Q oL ol o CL <l |
reartcorIrrarc o or s otarrcrarcr:

Wind-driven rain is therefore only considered at wind speeds above V , the lower-bound starting wind
speed for an HWPRA. Rain effects for all other conditions are not part of an HWPRA scope and are
treated in Part 8.

Several HWPRAs considered wind-driven rain in a second phase of work. During the first phase, it was
assumed that when the building envelope failed, the vulnerable electrical equipment was conditionally
failed due to the potential for rainwater damage to the equipment. Subsequent refined analy’sis, with
explicit modeling of envelope failures, wind direction frequency analysis, rain trajectory, aiialysis, and
equipment fragility development, produced less conservative fragilities. For example).a detailed wind-
driven rain model (Vickery et al. [7-A-8]) showed that the electrical equipment fragilities from wind-
driven rain were significantly lower than the fragilities of the enclosing building\erntvelope, especially
when directional wind and rain modeling was included in the analysis.

There is significant literature on wind-driven rain with regard to building’science (e.g., Blocken and
Carmeliet [7-A-97]). Information on rainfall rates, total rainfall, storm type;peak gust wind speeds, and
so on can be obtained from the National Center for Environmental Information. Other useful references
for modeling wind-driven rain effects include Blanchard and Spencer [7-A-98], Blevins [7-A-99],

Dingle and Lee [7-A-100], and Willis and Tattleman [7-A-101]. In;several HWPRAs, the wind-driven
rain analysis was coupled with 3-D progressive-failure building models and directional wind analysis
(Vickery et al. [7-A-8]).

It is important to note that rain does not always accompatiy FIW events, and the rain probability depends
on the wind hazard type. Twisdale et al. [7-A-7] noted that the probability of rain for thunderstorm and
extratropical winds (within 24 hours of an HW everit)was in the range of 0.4 to 0.6 for several sites analyzed
in North America. In addition, wind-driven rain igitypically a concern only for electrical equipment that is
vulnerable to water deposition and leakage intq the interior of the equipment (e.g., slow leakage through
openings as a result of air-pressure differences). Motor control centers housed in turbine or other metal-clad
buildings have been analyzed at several-plants where wind-driven rain analysis was undertaken.

WER-G2 Building-envelope failures that permit entry of rainwater include failure of the roof cover, roof deck,
doors, windows, vents, cladding, and other elements that enclose the building and protect SSCs that are
vulnerable to wind-driven rain:

Table 7-A.2.2-9+<.Commentary to Supporting Requirements for HLR-WFR-H

Injdex No.
WFR-H Commentary

WEFR-H1 Aleatory-and epistemic uncertainties in fragility development and/or fragility curves are discussed
and ill@strated in numerous papers, including Banik et al. [7-A-21], Sciaudone et al. [7-A-14], [7-A-87],
Nigholas et al. [7-A-102], Hess et al. [7-A-103], Twisdale et al. [7-A-29], [7-A-7], and Twisdale [7-A-67],
[7=A%30].

WER-H2 No commentary provided.

WFR-H3 Key assumptions and uncertainties regarding HWPRAs are discussed in many of the above papers.
Lovelace et al. [7-A-9] provides a useful summary.

Table 7-A.2.2-10 Commentary to Supporting Requirements for HLR-WFR-I

Index No.
WER-I Commentary

WER-I1 No commentary provided.

WEFR-12 No commentary provided.

298

Copyright © 2022 by the American Society of Mechanical Engineers.
No reproduction may be made of this material without written consent of ASME. %



https://asmenormdoc.com/api2/?name=ASME ANS RA-S-1.1 2022.pdf

ASME/ANS RA-S-1.1-2022

7-A.2.3 COMMENTARY TO WIND PLANT RESPONSE ANALYSIS (WPR)

In order to address to the Wind Plant Response Analysis requirements contained herein, the HWPRA analysis
team should possess an internal-events, at-power Level 1 and either a Level 2 or LERF PRA, developed either before
or concurrently with the HWPRA. The following assumptions are made:

(a) The internal-events PRA will be used as the basis for the HWPRA systems analysis (if appropriate).

(b) Ideally, the internal-events, at-power PRA (if used) should have been peer reviewed and confirmed to be in

compliance with Part 2 of this Standard

Systems analysis for HWPRAs may include both adding HW-related basic events to the internal-events syst
model and “trimming” some aspects of that model that do not apply or may be screened out.

Table 7-A.2.3-1 Commentary to High Level Requirements for Wind Plant Response Analysis (WPR)

PINS

Designator Commentary
HLR-WPR-A No commentary provided.
HLR-WPR-B No commentary provided.
HLR-WPR-C No commentary provided.
HLR-WPR-D No commentary provided.
HLR-WPR-E No commentary provided.
HLR-WPR-F No commentary provided.

Table 7-A.2.3-2 Commentary to Supporting Requirements for HLR-WPR-A
Index No.

WPR-A Commentary

WPR-A1 The purpose of this SR is to ensure tHdt proper consideration is given to the type of HW event being

considered. Tornadic events haye the ability to lift “missiles” in the wind stream and transport them t
elevations much higher than their initial position. Tornadic winds also impose unique motions on the
debris and may limit debris\speed relative to the peak tornado speed. Straight-wind events typically
cover large areas and can'produce missiles over wide areas. Straight-wind motions may also allow
increased acceleration‘of' missiles over longer distances due to the absence of high rotational winds.
The HWPRA includes consideration of HW events when the plant is initially at-power. However, the

initiating HW may‘result in actions to reconfigure or change the operating mode of the plant prior to the

onset of the HW-induced initiating event or in response to warnings. Therefore, in addition to initiatir
events caused/directly by the HW event (e.g., loss of off-site power, loss of ultimate heat sink availabil
loss of functions due to loss of SSCs), this SR also requires that “indirect” initiating events be consider|
(e.g~initiating events caused by actions to shut down the plant or isolate the plant from the grid).
This'SR also recognizes that human actions associated with plant shutdown or other plant HW-respor
activities may lead to initiating events.

It is noted that the failure of certain SSCs may lead to multiple induced initiating events.

g
ty,
bd

se

WPR-A2

No commentary provided.

WPR:A3

Given the unique challenges that may arise during an HW event, this requirement is intended to ensujre

that the analyst considers a range of available information sources related to HW-related challenges

to the plant. Relevant HW experience may include events experienced at the site as well as industry

operating experience. In addition, this SR requires reviewing situations in which actions were taken in
response to warnings. This SR requires that these experiences and other available HW risk evaluations be

reviewed as part of the development of the HWPRA.

WPR-A4

Coexistent hazards may result in plant effects that are different or more severe than those caused only
by HW. In addressing coexistent hazards, it is recommended that the analyst refer to other parts of thi:
Standard (e.g., Part 8 for external flooding).

S
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Table 7-A.2.3-2 Commentary to Supporting Requirements for HLR-WPR-A (Cont’d)

Index No.

WPR-A

Commentary

WPR-A5

This SR requires that the initiating events identified in SRs WPR-A1, WPR-A2, and WPR-A3 be included
in the HWPRA. This SR refers to risk-significant accident-progression sequences, interpreted as the
“minimum” set of accident sequences and/or risk-significant progression sequences for which initiating

aventsmustbeincudedin the nlantresnonsemodel-This SR ic notintended-toreauwirethe exclusion
T

of initiating events associated with non-risk-significant accident-progression sequences. It is recognized
that a determination of risk significance may not be apparent at the start of the analysis, but when the
final HWPRA is developed, it should contain the risk-significant accident-progression-sequence initiating
events.

Table 7-A.2.3-3 Commentary Supporting Requirements for HLR-WPR-B

Irfdex No.

WPR-B

Commentary

WPR-B1

No commentary provided.

WPR-B2

The peer review for the PRA used as the base model could include.déficiencies that may not yet be
resolved. This SR requires that the analyst(s) verify that deficiencies from the peer review of the internal-
events PRA, which are relevant to the HWPRA, be addressed. Déficiencies related to PRAs that are
irrelevant to an HWPRA (e.g., anticipated transient withouf'stram, certain loss-of-coolant-accident
sequences) need not be addressed as part of this SR. In seme cases, the disposition of peer-review
deficiencies from the internal-events PRA may lead to ar.update of the HWPRA plant-response model.
The definition of “significant deficiency” needs to beconsidered in the context of the regulatory
framework (i.e., on a country-by-country basis).

In the US, the PRA peer-review guidance indicatés that a finding-level observation impacts the technical
adequacy of the PRA and is therefore a significant deficiency. Note that “significant” in this context is not
to be strictly intended as risk significant.

WPR-B3

This SR addresses SSC functional failure ' modes, which are the result of the HW impact on the SSC (e.g.,
HW-specific mitigation equipment;, failure due to overtopping, crimping). This investigation could result
in SSC functional-failure modes, that were not identified in the internal-events PRA.

WPR-B4

See commentary for SR WER-A7, which calls for developing the correlations and assessing their impact.
SR WPR-B4 calls for modeling them and justifying the approach employed.

WPR-B5

Mission time should«onsider industry experience in restoring off-site power following various HW
intensities. These times should be used in reliability estimates of coping equipment. Coping times > 24
hrs are possible patticularly for long-duration events such as hurricanes and extratropical cyclones. Use
of convolutioh int power recovery may be considered to the extent supported by data. CC-I applications
may include a single bounding mission time for all HW scenarios. CC-II mission times may be dependent
on HW_intensity. Where realistic times to power recovery may be less than the internal-events mission
time,‘the'internal events mission times should be used.

WPR-B6

Noycommentary provided.

WPR-B7

Coexistent hazards include wind-driven rain and potential flood surge. INCLUDE does not imply the
need for quantitative analyses, unless it is appropriate.

WPR-B8

The intent of this requirement is to ensure that multiunit effects are addressed within the PRA. For
example, this SR is intended to ensure (a) that resources credited to the unit under analysis would be

available, given that other unit(s) might compete for the same resource, and (b) that the HWPRA for one
unit captures (1) the effect of failures at the other unit(s) (e.g., failures of shared SSCs); and (2) the effect
on site accessibility.
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Table 7-A.2.3-4 Commentary to Supporting Requirements for HLR-WPR-C

Index No.
WPR-C Commentary

WPR-C1 The internal-event PRA model is the starting point for developing the HWTL. However, many SSCs that
would be pertinent to HW events may not have been identified in the internal-events PRA. Consideration
is requlred for barriers, doors, off-site power hnes, tanks, and other equlpment umquely related to HW
ICDPUL | be) wiy ﬂll CAﬂlllPlC Cltll.lluﬂ\_ll altl LIC OCCIT lll lllC J_;PRI II‘VAVT \A all\blUVVll Sbllblcll T LlU\.LllllClll. ll A 1\)]

WPR-C2 No commentary provided.

WPR-C3 It is expected that utilities with multiple-site PRAs will regard that information as available fér|review.
The intent of this SR is to use other available HWPRA considerations to ensure that certain SSCs that
may not be obvious are included the HWEL, if applicable, for the site for which the HWPRA is being
performed.

WPR-C4 Structural interactions include impact of building collapse and physical contact of ‘adjacent structures|{As
these impacts are driven by the proximity of structures, potential spatial interactions should be evaludted
thoroughly during the walkdowns.

WPR-C5 This SR addresses SSC functional-failure modes (e.g., failure to open a valwe) so as to confirm that the
associated fragilities encompass all the SSC supporting components (€.g.,' instrument air piping).

Table 7-A.2.3-5 Commentary to Supporting Requirements for HLR-WPR-D
Index No.
WPR-D Commnientary

WPR-D1 No commentary provided.

WPR-D2 Operator actions evaluated for HWs need te'take into account the unique timing and damage aspects
of each HW hazard (e.g., straight winds, ternadoes, and hurricanes). For example, tornadoes may occtir
with very little warning and only impact the plant for a short duration, but hurricanes may come with
substantial advanced warning and\ntay impact the plant for a much longer duration.

WPR-D3 No commentary provided.

WPR-D4 No commentary provideds

WPR-D5 The intent of this requirement is to ensure that the interpretation of procedures as well as associated
challenges is realisti¢.

Because it is not‘possible to reasonably simulate many actions under the conditions that will actually

be performed (e.g., actions performed under HWs), judgment may be required when assessing manugl
actions. This.SR is intended to strengthen the validity of the assessment by consulting with operators,
personnél with knowledge of operations, or other personnel that may be performing actions.

For example, response times for human actions taken under HW conditions may increase relative to
actions taken under nominal conditions. Moreover, delays in initiation of actions may result in the actjons
being taken instead under HW conditions rather than as originally planned under nominal conditiong

or in delaying the initiation of these actions until conditions allow for the action to be performed safell
(including transit to the plant location where the action is to be performed).

WPR-I26 No commentary provided.

WERR-D7 No commentary provided.

WPR-D8 No commentary provided

WPR-D9 If pre-event actions are credited, ensure that adequate warning time is available and that the environment

where the action is being performed (e.g., in control room vs. in the yard) is appropriately considered.
For actions taken during an HW event, consider the potential for event-related stresses. Postaccident
actions should consider the impact of debris and the potential for exterior doorways to be jammed.
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Table 7-A.2.3-6 Commentary to Supporting Requirements for HLR-WPR-E

Index No.

WPR-E

Commentary

WPR-E1

The PRA systems and accident-sequence model for an HWPRA are commonly based on the internal-
events, at-power PRA systems model, to which a number of items are added such as HW initiating events,
SSC faﬂure-probablhty basic events derived from the fraglhty analys1s and other basic events (e g., New or

ClLAJ lel.CLl 11E1 =3 lUl l.l < DPC\_lflL llﬂLCllLl} ULL I fﬂLLUlD 4] UC CUIL lDlL,lCLCLl 11 l\,lublc ur ll\iuc QDPCLLD Ul CUIIIITTUIT
causes, fragility correlations, any warning time available to take mitigating steps, and the possibility of
recovery actions. Internal-events accident-sequence models may also be modified or some sequences ot
used for a given hazard model. Screening out certain parts of the internal-events systems model frém.
explicit incorporation in a hazard PRA model is common (this screening out can take the form of‘explicitly
deleting the logic in the hazard PRA or bypassing or directly failing the logic, as appropriate). New system
fault-tree logic and/or accident-sequence logic may need to be developed and added intoh¢ PRA model.

WPR-E2

Certain quantification tools utilize approximations that may cause results to become,inateurate when
success branches include basic events with high failure probabilities. In recognition af the possibility of
high failure probabilities in conjunction with HW-specific actions or SSCs subjected) to HW conditions,
this SR is intended to ensure that the analyst considers and addresses the limifations of computational
tools when performing quantification.

WPR-E3

During calculation of the wind-speed hazard points to be utilized in the quiantification, the points should
be discretized appropriately around the plant’s unique vulnerabilitiés-so as to allow for convergence

of the CDF and LERF. The analyst may demonstrate convergence on"the risk metrics by performing
sensitivity studies to show that the CDF or LERF does not significantly change with increased
discretization. SR QU-B3 of Part 2 recommends a convergence level of 5%. The analyst may choose and
justify an alternative convergence level based on HW imp@acts and total plant CDFE.

WPR-E4

This SR requires that the analyst perform appropriate.assessments to confirm the correctness of the
calculation process. For quantification elements not.éxplicitly considered, the analyst should document
the basis for exclusion.

WPR-E5

No commentary provided.

WPR-E6

This SR requires that the analyst perform-appropriate assessments to confirm the correctness of the LERF
model as applied to HW sequences. Théanalyst should provide explanation of LERF analysis elements
not explicitly considered.

WPR-E7

No commentary provided.

WPR-ES8

No commentary provided,

Table 7-A.2.3-7 Commentary to Supporting Requirements for HLR-WPR-F

WPR-F

Commentary

WPR-F1

Examples.of items to be documented include, but are not limited to,

(1) /key findings from walkdowns

(br\insights from operator interviews, talk-through(s), table-top exercises, or simulation(s), as available,
tothe extent the actions are credited in the HWPRAs and would be impacted by the presence of HW
phenomena

(c) HW event trees and fault trees

(d) the specific adaptations made in the internal-events PRA model to produce the HWPRA model, and
the basis for those adaptations, or a description of ad hoc models developed specifically for the HWPRA

(e) the basis for selection of SSCs included in the HWPRA and associated fragilities of those SSCs
(f) the specific HW-related influences that affect methods, processes, or assumptions used and the
identification and quantification of the HFEs

(g) the recovery human actions included in the plant-response model

(h) the preparatory human actions included in the plant-response model

(i) significant risk contributors in the HWPRA model

WPR-F2

No commentary provided.
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